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I.    On  the  Diffraction  of  an  Annular  Aperture.    By  George 
BiDOELL  AiRT,  Esq.y  M.A.^  F.ILS.^  Astronomer  Royal. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 
T  HAD  no  wish  to  make  a  communication  to  vou  which 
-^  should  assume  the  form  oFa  discussion  with  Mr.  Potter, 
and  I  pro|K>sed,  therefore,  in  adverting  to  the  subject  to  which 
Mr.  rotter  has  alluded  in  your  Number  of  October  last,  ra- 
ther to  add  something  to  the  investigation  of  a  point  which  has 
perhaps  been  passed  over  too  lightly  by  writers  on  the  Undu- 
latory  Theory,  than  to  employ  myself  specially  in  indicating 
what  I  consider  to  be  the  failing  steps  in  Mr.  Potter's  reason- 
ing. The  calculations  necessary  for  the  first  of  these  objects 
were  troublesome,  and  (with  the  little  leisure  that  I  can  com* 
mand)  occupied  a  considerable  time.  Having,  however,  finished 
these,  I  was  preparing  to  address  you  when  I  saw  Mr.  Tovey's 
paper  in  your  Number  for  December.  I  am  most  happy  to 
find  that  the  very  clear  explanation  given  by  Mr.  Tovey  has 
delivered  me  from  the  necessity  of  remarking  on  the  reasoning 
in  Mr.  Potter's  paper,  and  I  shall  now  proceed  with  my  sup* 
plementarv  investigation  as  an  attempt  at  the  extension  of  the 
received  theory. 

Problem. — A  plane  wave^  whose  exterior  boundary  is  cir- 
cular, is  interrupted  in  its  course  by  a  circular  plate,  whose 
plane  is  pai*allel  to  the  front  of  the  wave,  and  whose  centre 
coincides  with  the  centre  of  the  wave-boundary :  it  is  required 
to  find  the  intensity  of  light  at  any  point  near  the  line  which 
is  normal  to  the  plate  at  its  centre. 

Let  a  be  the  radius  of  the  plate,  b  the  radius  of  the  bound- 
Phil.  Mag.  S.  S.  VoL  18.  No.  114.  Jan.  1841.  B 
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ary  of  the  wave,  h  the  distance  of  the  point  from  the  circular 
plate,  c  the  distance  of  the  point  from  the  normal  line.  From 
the  point  draw  a  normal  to  the  plate :  the  distance  of  the  foot 
of  this  normal  from  the  centre  of  the  plate  will  evident!  v  ^  r. 
Take  the  foot  of  the  normal  as  the  origin  of  polar  coordinates 
for  thie  front  of  the  wave :  suppose  the  whole  front  of  the  wave 
divided  into  truncated  sectors  by  radii  drawn  from  the  foot  of 
the  normal :  let  the  angles  made  bv  two  of  these  with  the  line 
joining  the  centre  of  the  plate  witn  the  foot  of  the  normal  be 
0  and  0  -f  S  0 :  and  let  the  small  truncated  sector  included  be- 
tween these  be  divided  into  small  parts  by  arcs  of  circles  de- 
scribed with  the  origin  as  centre:  let  the  radii  of  two  of  these 
arcs  be  r  and  r  -^  ir.  The  area  included  between  these  two 
arcs  is  ultimately  ssrSA  xSr^fid  xrir^  and  the  distance 
of  this  area  from  the  point  in  question  is  ultimately  =  V(A*+r^)* 
If  then  the  amplitude  of  the  vibration  which  it  excites  at  the 
point  in  question  be  a  function  of  its  distance,  but  independent 
or  nearly  independent  of  the  angle  which  the  line  of  distance 
makes  with  the  front  of  the  wave,  the  amplitude  of  the  vibra- 
tion produced  by  the  small  area  8f  x  r  B  r  will  be  represented 

l>y  8fl  X  ♦(i^F+7^)  X  rir, 

and  the  phase  being  —  -|  ©  (  —  v^  a«  +  ^^  L  theabsoluted 

turbance  in  the  ether  at  the  point  in  question,  produced  by 
the  small  area  S  t  x  rSr^  at  the  time  /,  will  be  represented  by 

=  sin  ^^  X  8  J  X  ^  (^ATpS)  .  cos  ^  \^¥T^.  rir 

-cosi—  X  ii  X  f{^^J?TF*)  .  sin^ ^^Jfi^ .  rir. 

And  these  expressions  are  now  to  be  integrated  with  respect 
to  r ;  then  the  limits  of  r,  defined  by  the  intersection  of  the 
eccentric  radius  with  the  circumferences  of  the  two  circles 
(and  therefore  functions  of  ()  are  to  be  substituted,  and  then 
the  whole  is  to  be  integrated  with  respect  to  0. 

The  expressions  involving  r  cannot  be  integrated  in  a  finite 
form  so  long  as  the  general  symbol  is  retained  for  tlie  func- 
tion.   If,  however,  we  expand  it  in  the  form 

♦  |a  +  (V^TH-  A)}  =  ♦(*)  +  ♦^(A)^*'^^'^"^* 

1  •  ^ 
they  may  always  be  integrated*  ^ 
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We  shall,  however,  at  present  confine  our  attention  to  the 

case  where  *  (v'A«  +  r*)  may  be  represented  by  :7p^=p. 

The  disturbance  of  ether  produced  by  the  small  area  tixrlr 
at  the  point  in  question,  is  now  represented  by 
2»o/       ^.      .     27r    ..   .     ,  rlr 


sm 


-  cos^^'  X  89  X  sin  ^  s^WT?  7^ 


rdr 


the  integral  of  which,  with  respect  to  r,  is 

\        .    2iro^      ^-^    -^^w  ./Ts— rT3 
-—  •  sin  — ^;^ —  X  8»  X  sm  —  v  A*  +  r* 

\  27rr/         ^a  ^    ^W^r—T 3 

+  o-  -COS  — ^ —  X  89  X  COB-^  V  A«  +  rS 

which,  taken  between  the  limits  r^  and  r^y,  is 

—  •  sm  ■  ■        .  f  sm  —  V  A«  -f  r^<—  ^^^  ^*  +  ^i  )  '•* 

.     X  ^irvt      i      27r^/75 = 

cos — r-—   .  fcos— vA^-hr^y* 


Stt 


-cos^^AM:17)89. 


We  have  now  to  find  the  values  of  r^  and  r^y  in  terms  of  9. 
For  this  purpose  we  have  only  to  remark  that  the  equation  of 
the  smaller  circle,  referred  to  the  foot  of  the  normal  as  origin, 
and  expressed  by  means  of  rectangular  coordinates  [x  being 
measured  through  the  centre  of  the  circle),  is 

ix  -  c)«  +  y«  =  a\ 
or  (r,  cos  9  —  c)*  +  (r,  sin  9)'  «  a% 
or  rf  —2c  cos  9  .  r^  =  a*  —  c*, 
the  positive  solution  of  which  is 

Ty  =  <; .  cos  9  +  ^a'  —  c*sin*9; 
or  supposing  c  so  small  that  the  first  power  only  is  worth  re- 
taining, 

r^  =  a  +  ^  cos  9. 

Therefore 

^ir    , i     %ir    ,—^ -,    2'W  •  ar.  cos9 

to  the  first  power  of  c.  ° 
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In  forming  the  sine  of  this  quantity  we  cannot,  as  before, 
proceed  by  expansion  in  powers  of  c,  neglecting  all  after  the 
first;  and  the  reason  for  tnis  prohibition  deserves  attention,  as 
showing  what  extreme  care  is  necessary,  in  a  process  of  ap- 
proximation, to  adopt  no  method  at  any  one  step  without  due 
consideration  of  the  effect  of  rgected  terms  at  that  step.  Sup- 
pose, for  instance,  the  terms  depending  on  higher  powers  or  e 

in  the  expression  for  -^  ^A*  -f  r^'  were  tijW^  P*^^  ^^  ^^^ 
depending  on  the  first  power,  and  suppose  that       '   ~ — =- 

were  nearly  equal  to  IOtt.  The  rejection  of  the  terms  de« 
pending  on  the  higher  powers  would  only  produce  in  this  an- 
gle an  error  of  — r,  which  would  be  wholly  unimportant  in 
these  investigations.    But  the  expansion  of 

in  a  series  proceeding  by  powers  of  c,  would  give  a  succession 

r       -ji    J-        •      *  I.      2 TT accost  .    , 

ofrapidly  diverging  terms  when  ^  Vjt»  »g»  ^^  ^^7  «»c^ 

value  as  10  tt;  and  the  expresrion  produced  by  retaining  the 
first  and  reiecting  the  higher  powers  would  not  in  any  degree 
represent  the  whole.  From  this  point,  therefore,  we  must  use 
methods  which  do  not  imply  the  rejection  of  any  powers  of  c. 
For  convenience,  put 


^         2irac  J       -        2irbc 

e,  for  r — > -^        ^  and  e^.  for 


Then 
and 


sin  ?^  \^A»  +  r,«  =  sin?^  -/A*  +  a«  .  cos  {e^  cos  ») 


X    "•  "    ' X 


+  cos?^  •**  +  a*  .  sin  (e,cos«)- 


Similarly, 


sin^  V'A«+  r*  =  sin  ?2L  ^A«  +  6« .  cos  (*„ cos 
+  cos^  i/A«  +  i« .  sin  {e^  coj«). 
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Id  like  manner 

cos  ?^  i/FTi?  =co8^  ^A^TT«  .  cos  (c^  cos  0 

-  sin  ^  i^A«  +  a«  •  «n  («,  cos  «) 


cos  ii  v'A«+r,«=  cos^  VA«  +  i«  •  cos  («„ cos  9) 

^  sin  ^  i/A«  +  a«  .  sin  (^^^  cos  «), 

and  these  quantities  are  now  to  be  substituted  in  the  expres- 
sion above,  which  multiplies  8 1,  and  the  whole  is  then  to  be 
integrated  widi  respect  to  t. 

If  our  object  were  to  find  the  intensity  of  light  produced  by 
a  portion  of  the  annulus,  these  expressions  could  not  be  made 
more  simple ;  but  in  fipdin^  the  intensity  produced  by  the 
whole  annulus  we  may  introauce  an  important  simplification ; 
for  the  expressions  will  then  be  integrated,  with  respect  to  9» 
'  from  t  =  0  to  t  =  2  ir.  Now  it  is  evident  that  the  expansion 
of  sin  (^1  cos  f)  or  sin  {e^  cos  0)  will  produce  only  odd  powers 
of  cost;  and  the  int^ral  of  every  one  of  these,  from  t=  0  to 
(  =  S  ir,  is  zero.  Tne  terms  depending  on  sin  {e^  cos  S), 
sin  (€ii  cos  (),  may  therefore  be  neglected  at  once ;  and  thus  we 
have^  for  this  investigation, 

sin  ^  4/A«  -f  r«« sin  ~  •*«  +  a«  .  cos  (e^  cos  «), 

and  so  for  the  others;  and  the  quantity  which  we  have  to  in- 
tegrate with  respect  to  t  is 

X        ,   2wvt     /.2ir     -3-— ~ 
- —  .  sm — r —  .  I  sm-^  V  A*  +  o^  .  cos  (^^^  cos  9) 

"  w  X  \        X 

2ir       — _— -  \ 

—  sin  —  \/  *•  +  a*  .  cos  {e,  cos  9)) 

+   >L.  cos?^^  .  (cos^  4/FTA^.  cos(e,cos«) 
2  ?r  X  \       X 

2  X        \ 

—  cos  —  V^A*  +  a* .  cos  (c,cos  9)  j. 

Let 

A  cos  (^  COS  9)  ss  2  »  E,  j^cos  {e^  cos  9)  =  2  w  Ey, 

ficos  (efiCosS)  s=  2 ir E^,, 
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the  integrals  being  taken  from  0  =  0  to  t  =  2ir.    Then  the 


coefficient  of  sin  — r —  is 


\  .  (e^,  .  sin  Y  ^*M^  -  E^ .  sin-|-  i/A«  +  a«)=  & 

The  coefficient  of  cos  — r —  is 

X. .  (e„.  cos  ^  VWT~&  -  E,.  cos  ^  i/FTo«)=  C. 
and  if  the  two  terms  be  aggregated  into  one  of  the  form 

it  is  easily  seen  that  P  or  the  amplitude  of  vibration  at  the 

Eoint  in  question  is  i^S*  +  (? ;  and  if  the  intensity  of  light 
e  assumed  proportional  to  P%  it  may  be  represented  by 

E;+  E«*  -  2E,.  E;,.cos ~(i/FT3^^  4/AS:^«Y 

Our  attention  must  now  be  directed  to  finding  the  numeri- 
cal value  of  the  function  E  for  different  values  <?  e. 
By  the  usual  expansion^ 

/         AN     ,     «*cos*9  .   6^cos*J  «^cos*fl       .  o 

cos{«cosfl)=i — r:2-  +  ix3:4-i.2.3.,.g.6+&c.. 

a  series  which  is  always  convergent,  and  may  therefore  be 
safely  used  for  numerical  computation* 

Integrating  separately  each  term,  from  4  ss  0  to  t  =  2  «-, 
and  observing  that  if  cos^^fl  be  expressed  by  simple  powers 
of  cosines  of  multiple  arcs,  the  constant  term  is 

we  obtain 
^cos(ecosfl)=2»x{l  -  ^,+ ^-^.-^^-^,+&c.} 

and  therefore 


E  s  1  -  ~  + 
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By  means  of  this  series  I  have  computed  the  value  of  E  for 
every  value  of  e^  proceeding  by  steps  of  0*2  from  0*0  to  10*0. 
Although  the  series  does  in  all  cases  ultimately  converge  with 
great  rapidity,  yet  for  large  values  of  e  it  commences  by  di- 
verging rapidly.  Thus  for  e  >s  10*0  the  successive  terms  are 
10, 

-   25-0, 

+  156-25, 

-484-0277, 

+  678-168,  &c. 
and  for  this  value  it  was  necessary  to  proceed  as  far  as  e^. 
The  calculations  have  been  made  to  six  places  of  decimals, 
but  I  have  thought  it  prudent  to  retain  only  four  places.  I 
may  add,  that  the  calculations  have  not  been  examined  with 
great  care,  but  that,  from  the  care  with  which  they  were  made 
and  the  general  regularity  of  progression  among  the  numbers, 
I  am  confident  that  there  is  no  large  error  in  Uie  results. 

Table  of  the  values  of  E  =  o^  A  cos  [e  cos  6),  the  limits 
of  the  integral  being  0  and  2  ^. 


tf. 

S. 

E«. 

t. 

B. 

B». 

(H) 

+1-0000 

1-0000 

5-3 

-0-1104 

0K)183 

0-S 

+0-9900 

0-9808 

5-4 

-0-0418 

OK)017 

0-4 

+0-9604 

0-9284 

5-6 

+0-0269 

0K)007 

M 

+0-9120 

0-8318 

5-8 

+0H)917 

0-0084 

0-8 

+0-8463 

0-7168 

6-0 

+01507 

0K>237 

1-0 

+0-7653 

0-5866 

6-8 

+0-8018 

0Kk07 

1-9 

+0-6711 

0-4504 

6-4 

+0-3433 

0K)598 

1*4 

-f.0-5669 

0-3213 

6-6 

+0-3740 

OH)751 

1-6 

-hO-4M4 

0-3074 

6-8 

+0-3931 

0H)859 

1-8 

+0-3400 

0-1156 

7-0 

+0-3001 

0-0900 

S-O 

+0-8339 

0KMM)1 

7-3 

+0-2951 

0O871 

8*3 

-f  0*1 104 

0<»88 

7-4 

+0-3781 

OH)778 

a-4 

+0-0025 

0-0000 

7-6 

+0-3616 

00683 

3-6 

-00968 

0K)094 

7-8 

+0-3154 

0O464 

2-8 

-0-1850 

0<)343 

80 

+0-1727 

0O298 

8-0 

-0*8601 

0KJ677 

8-8 

+0-1388 

0O149 

3-3 

-0-3803 

0-1035 

8-4 

+0-0691 

0O048 

3-4 

-0-3643 

0-1327 

8-6 

+0O144 

0O003 

^^ 

-0-3918 

0-1535 

8-8 

-0-0394 

0O016 

3-8 

-0-4036 

0-1681 

9-0 

-(►0907 

0-0083 

4-0 

-0-3971 

0-1577 

9-8 

-0-1365 

0O186 

43 

-0-3766 

0-1418 

9-4 

-0-1768 

0O313 

4-4 

-0-3438 

0-1171 

9-6 

-0-3091 

0O437 

4-6 

-0-8961 

OK)877 

9-8 

-0-3334 

0O540 

4*8 

-0-8404 

0H)578 

lOH) 

-04f460 

0O605 

5*0 

-0-1776 

0H)315 

It  appears  from  this  table  that  £  vanishes  for  the  values  of 
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ey  2*405,  5*52,  8'64,  nearly;  foid  that  the  successive  maximum 
values  of  E'  correspond  to  the  values  of  «,  O'OO,  S'859  7*01, 
10*15,  nearly;  and  that  the  corresponding  maximum  values 

of  E«  are  nearly  1,  — ,    — ,    — . 

I  will,  now  proceed  to  point  out  the  practical  application  of 
this  table. 

First,  suppose  the  value  of  -r-^  (  v'A*  +  A*  —  ^h^  +  «*  ) 

to  be  small,  or  not  exceeding  a  few  multiples  of  v. 

In  this  case  no  considerations  can  be  introduced  which  tend 
to  simplify  the  expression  for  the  intensity  of  the  light.  If 
the  light  be  heterogeneous,  it  will  be  necessary  to  form  the 

numerical  values  of   e|,  e,^,    E,,   E,;,    and   -^  I  V^A*  -f  6* 

—  Vh^  -f  fl* )  for  ^<^h  different  colour,  and  to  substitute 
them  in  the  expression  E^«+E^^»-.2  E,  E^^ .  cos^(^F+*6* 

—  Vh^  +  «■).     It  is  easily  seen  that  the  greatest  intensity  of 

light  under  any  circumstances  is  (£^  +  E^,)'  and  the  least  is 

{%  -  E  J*.  

Secondly,  suppose  the  value  of -r^  f  i/  A*  +  6*-^  i/  A*  +  aM 

to  amount  to  many  multiples  of  r. 

.Whatever  care  be  taken  to  make  light  homogeneous,  it  is 
pfac^cally  impossible  to  make  it  homogeneous  or  even  nearly 

80.   Therefore  the  value  of  ^^  (  ^A«  +  i«-  i^A«  +  a«)  wiU 

varv,  perhaps  to  the  amount  of  many  multiples  of  ir,  for  the 
diflerent  values  of  X  corresponding  to  the  different  kinds  of 
light  in  the  stream  of  light  which  is  the  sul^ect  of  experiment 
And  this  may  happen  even  when  the  portion  of  the  spectrum 
corresponding  to  the  light  used  is  so  short  that  there  is  no 
conspicuous  chance  of  colour.  In  aggregating  the  effects  of 
these,  it  is  to  be  observed  that,  for  points  near  to  the  central 
normal  of  the  circular  plate,  the  change  produced  in  e^  and  e^ 
by  the  change  of  \  is  very  small^  and  tne  only  variation  which 

needs  to  be  consideied  is  that  of  cos  ^\  Va'+A*—  VJF+a^  >• 

As  the  arc  included  in  this  quantity  changes  its  value  by  se- 
veral multiples  of  ir,  the  cosine  will  have  equal  values  repeat- 
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ediy  pogitive  and  negative,  and  the  sum  of  all  may  be  c6nsi- 
derea  =  0.  This  reduces  the  expression  for  intensity  to 
£/  +  £|,',  which  will  be  easily  discussed. 

Example  1. — The  light  enters  through  a  round  hole  with- 
out interruption. 

Here  a  s  0,  and  therefore  e,  ^  0,  and  E|  s  l,  and  the 
ex^essjon  becomes  1  +  £»'. 

The  smallest  value  of  this  quantity  occurs  when  £,^  =  0. 
This  happens  when  e^i  ^  2*41,  or  =  5*52,  or  =  8*64,  &c.,  or 
when  Cff  is  large.  For  all  these  cases  the  intensity  is  repre* 
sented  by  1. 

The  greatest  value  occurs  when  ^n  ==  0,  and  the  intensity 
is  represented  by  2 ;  the  next  maximum  is  when  tfj,  as  3*8, 
and  the  intensity  is  1*16  ;  the  third  maximum  is  when  «,  s  7*0, 
and  the  intensity  is  1-09;  the  fourth  maximum  is  when 
en  ae  10*],  and  die  intensity  is  1*06. 

Thus  there  will  be  at  the  centre  a  bright  spot  of  double  the 
general  intensity,  surrounded  by  rings  brighter  than  the  great 
expanse  of  light ;  but  the  excess  of  intensity  in  the  rings,  even 
the  first,  is  so  small,  that  it  probably  could  not  be  seen.  The 
whole  diameter  of  the  bright  spot,  %o  its  very  extremities,  is 

2c,when^-4^ii==:2-41,  or  g  =  ^  ^^'  ;*"  Jfx  2*41;  but 

the  visible  diameter  would  be  much  smaller. 

Example  2. — The  stream  of  light  is  unlimited  externally, 
but  an  opake  circle  of  radius  a  interrupts  a  portion  of  it. 

Here  e^^  is  very  great,  and  E^^O,  and  the  expression  for  the 
intensity  of  the  light  is  simply  £/.  The  intensities  therefore 
at  different  distances  along  any  radius  drawn  from  the  central 
normal  parallel  to  the  plane  of  the  circle  are  represented  by 
the  numbers  in  the  last  column  of  the  table  above.  The  first 
maximum  occurs  when  e^  =  0,  and  it  is  then  =  1,  or  is  the 
same  as  the  intensity  in  an  uninterrupted  pencil ;  the  second 
when  e^  =  3*8,  and  it  is  then  ^  of  the  former ;  the  third  when 
e^  ss  7*6,  and  it  is  then  ^  of  the  former;  the  fourth  when 
e^ss  1 0*1,  and  it  is  then  y'^r  of  the  former.  The  light  abso- 
lutely disappears  when  ^  =  2*41,  or  =  5*52,  or  =  8*64.  Thus 
there  is  a  bright  spot  whose  central  intensity  is  equal  to  that 
of  uninterrupted  light,  surrounded  by  rings  of  much  feebler 
liffht,  whose  intensity  decreases  rapidly  till  it  becomes  insen- 
suAe. 

Tlie  whole  diameter  of  the  bright  spot  is  2  c,  when  e^  or 

; — .,  =s  2*41,  or  c  =5 ■-  ^  "   X  2*41 ;  or  the  dia- 

XV^A«+a«  2  IF  a 

meter  of  the  spot  is  ^  ^^^  +  ^^  x  2*41. 
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Suppose,  for  instance,  a  circular  plate  1  foot  in  diameter  is 
placed  to  interrupt  a  stream  of  light ;  a  screen  is  placed  10 
feet  behind  it ;  to  find  the  diameter  of  the  bright  spot 

Here  A  33  120  inches,  a  =  6  inches;  \  may  be  taken  for 
mean  light  =  0*00002  inch.  Substituting  in  the  expression 
above,  we  find  the  diameter  of  the  bright  spot  =:  0*000308  inch, 
or  less  than  jj^  inch,  regarding  the  visibility  of  which  in 
common  experience  we  need  not  to  disquiet  ourselves. 

If  the  diameter  of  the  circular  plate  had  been  taken  1  inch, 
the  distance  of  the  screen  remaining  the  same,  the  diameter 
of  the  spot  would  have  been  0*0037  inch,  a  speck  difficult  even 
for  a  philosopher  to  discover  under  these  circumstances.  If 
the  diameter  of  the  plate  were  0*1  inch,  the  diameter  of  the 
spot  would  be  0*037  inch,  a  very  fit  subject  for  experimental 
measure.  It  is  on  such  spots  as  this  that  observations  have 
been  made,  with  the  purpose  of  testing  the  undulatorv  theory, 
and  of  the  agreement  of  those  measures  with  the  theory  no 
one  acquainted  with  both  has,  I  believe,  doubted* 

With  regard  to  any  objection  that  may  have  been  made, 
either  a^inst  the  undulatory  theoiy  generally  or  against  the 
application  of  Huyshens's  principle  In  particular,  from  con^ 
fronting  the  result  of  a  simple  investigation  of  the  intensity  of 
light  at  one  mathematical  point,  with  the  fact  of  general  ex- 
perience that  light  is  not  visible  behind  an  opake  screen ;  the 
mference  from  the  preceding  investigation  is,  I  believe,  that 
the  undulatory  theory  in  general,  and  the  application  of 
Huyghens's  principle  in  particular,  stand  as  firmly  as  they  did 
before  appeal  was  made  to  this  comparison,  perhaps  even  more 
firmly.  For  the  future  I  would  remark  that,  however  much 
we  may  doubt  whether  one  mathematician  is  entitled  to  give 
to  another  a  lesson  of  cautioHf  this  principle  must,  I  think,  be 
allowed  by  every  one, — that  a  theory  standing  on  such  varied 
and  such  extensive  evidence  as  that  which  supports  the  un- 
dulatonr  theory  is  entitled  to  the  same  respect  which  is  given 
to  a  private  person  of  high  character ;  it  is  not  to  be  rashly 
attacked  until  the  supposed  grounds  of  attack  have  been 
most  thoroughly  examined,  although  if  these  grounds  are 
valid,  it  possesses  no  immunities  beyond  other  theories. 
I  am.  Gentlemen, 

Your  very  obedient  servant, 
Royal  Observatory,  Greenwich,  Dec.  4, 1840.  G.  B.  AlRY* 
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II.  Reply  to  Mr.  Tovey's  Remarks  on  a  Paper  on  the  Appli^ 
caiiofi  ^Huyghens's  Principle  in  Physical  Optics^  inserted 
in  the  Lofid*  Edinb.  4r  Dublin  Phil.  Mag. for  October  last; 
voL  xvii.  p.  243.    By  Richabd  Potter,  Esq.9  B,A. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 

I  BEG  to  return  Mr.  Tovey  my  thanks  for  keeping  alive  the 
discussion  on  the  capability  of  the  undulatory  to  explain 
facts ;  by  such  discussions  we  may  entertain  hopes  that  some 
sound  progress  will  eventually  be  made  in  physical  optics, 

Mr.  Tovey  says  I  have  mistaken  a  luminous  line  for  a  lu* 
minous  space^  and  consemiently  my  conclusions  have,  in 
reality,  no  foundation.  He  ought  unquestionably  to  have 
given  us  his  proof. 

In  the  investigations  for  a  small  opake  disc  and  a  small 
circular  aperture,  it  was  considered,  by  the  most  eminent  ma^ 
thematicians  who  have  adopted  the  undulatory  theory  of  light, 
as  quite  sufficient  to  find  the  intensitv  along  a  line  drawn  per- 
pendicularly through  the  centre  of  the  aperture  or  disc,  and 
their  results  were  broujjht  forward  as  strong  proofs  of  the  truth 
of  the  theory.  When,  in  the  same  way,  I  have  applied  a  more 
correct  analysis,  for  all  magnitudes  of  circular  discs  and  aper- 
tures, it  is  objected  to,  without  showing  where  the  limit  be- 
tween a  larpe  and  a  small  magnitude  lies,  and  at  what  point 
the  method  becomes  inaccurate. 

Our  knowledge  of  the  phsnomena  of  diffraction  leads  us  to 
conclude  that  there  qan  be  no  maxima  and  minima  in  the  line 
before-mentioned  without  accompanying  ones  in  the  plane 
perpendicular  to  that  line,  and  such  has  tacitly  been  received 
with  respect  to  former  investigations.  With  this  the  undula- 
tory theory  also  accords.  How  Mr.  Tovey  could  suppose 
that  there  is  in  reality  in  any  case  only  a  luminous  line,  it  is 
not  easy  to  account  for ;  if  he  had  been  acquainted  with  the 
phaenomena  I  think  he  would  not  have  made  the  objection. 

The  case  of  the  fixed  stars  shows  that  the  smallness  of  the 
angular  magnitude  of  the  luminous  body  at  the  eye  is  no  bar 
to  Hffht  being  perceived  when  there  is  adequate  intensity. 

Lhe  following  analysis  shows  that  the  undulatory  theory 
indicates  maxima  and  minima  in  the  plane  perpendicular  to 
the  line,  for  which  my  former  results  were  investigated. 

Taking  now  a  point  out  of  the  line  (CB)  passing  perpendi- 
cularly through  the  centre  of  the  circular  aperture  or  annulus, 
let  its  distance  from  that  line  be  small  and  equal  to  x. 

Let  d  be  the  angle  which  any  radius  makes  with  the  plane 
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passing  through  the  perpendicular  line  and  this  point.  Then 
rlOir  iK^ill  be  an  elementary  area  in  the  aperture,  and  for 
simplicity  I  take  the  case  of  plane  waves,  the  odier  only  dif- 
fering by  a  constant 

Putting  h  and  a  the  same  as  before,  we  have  the  displace- 
ment of  the  particle  at  the  point,  arising  from  this  element. 


riOir 


^r*-f  A»-f  ar«— 2ra»cosfl 

X  sin^  (»^  -  i/r«-h//«  +  ^-2r^cos^.) 

Expanding  and  retaining  the  terms  involving  the  first  power 
of  X  only,  we  have  the  whole  displacement 

.  ^irax  /»  /» r« cos ^        ^ir  f    ^         , ^ ;.\ 

+  —irjji  ;5-TP  ^^'T-  y'^'^  ^^i^n?) 
+"*//#  (TTT^  "°  -r  K^'  -  ^'^  +  A') 

/»  r®  sin  ^      ,    2  TT  /  v 

and  taken  between  the  limits  ^  =  o and  0  =  2w 

which  is  the  same  expression  as  on  the  line  itself,  and  indi- 
cates a  maximum  m  the  plane  perpendicular  to  the  line  when 
there  is  a  maximum  in  the  line. 

In  examining  the  terms  involving  x«,  I  shall  retain  only 
the  prinapal  term  m  the  coefficient  of  that  quantity,  whicL 
has  X«  m  Its  denommator,  and  thus  the  quantity  which  is  the 
correcuon  of  the  last  found  expression  is  the  following : 

2ff»ajr*/»    •»     r^cos*^  2-ir  /  ' 

between  the  limits  ^  =s  o  and  0s2v 
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which  we  see  is  a  small  quaDtity  as  long  as  x  is  a  quantity  of 
the  same  order  of  magnitude  as  X,  and  h  is  many  multiples  of 
r,  which  would  still  give  the  case  of  a  point  in  the  shadow  of 
a  large  circular  disc,  the  aperture  being  an  annulus ;  but  to 
take  the  extreme  case  which  can  be  ur^d  as  an  objection  to 
my  former  results,  let  h  be  small  compared  with  r,  or  the 
point  deeply  immersed  in  the  shadow.  The  integral  being 
separated  into  two  we  have 

We  now  reject  the  latter  as  very  much  smaller  than  the 
former,  and  have  only  to  {lerform  the  same  integration  as  in 
my  former  paper,  and  the  intensity  becomes  for  an  aperture 
which  b  an  annulus  and  the  radii  f\  and  r^ 

»4a»\«(l-  ^ysin'-j(v^r,*+A«+;r«-v^ri*+A«+^). 

The  maximum  intensity  on  the  line  being  4  a*X%  there  will 

be  a  minimum  equal  to  zero  when  s=  ±  — ,  and  then  the 

intensity  will  increase  again,  and  apparently  to  a  greater  mag- 
nitude than  before,  but  our  having  used  approximate  expres- 
sions prevents  us  pushing  our  conclusions  further. 

We  see  clearly  how  maxima  and  minima  are  indicated  by 

the  theory  in  the  plane  perpendicular  to  the  line  in  which  I 

formerly  discussed  the  resmts  of  the  same  method,  and  how 

much  Mr.  Tovey  has  mistaken  the  question. 

Queens'  College,  Cambridge,  Dec.  8, 1840.  RiCHABO  PoTTEB. 

III.  ITte  Impossibility  of  the  Boetian  System  of  Numerical 
ContractionSf  and  the  Alabaldine  Notation  having  had  a 
common  Origin.    By  J.  O.  Halliwell,  Esq.^  F.R.S.  4rc* 

^^N  a  further  examination  of  the  Arundeil  MS.  No.  343, 
^^  the  real  explanation  of  which  has  already  appeared  in 
this  Ma^;azine,  and  on  working  out  all  the  examples  in  that 
manuscnpt  with  the  tedious  notation  of  the  Boetian  and 
Alabaldine  contractions,  I  have  met  with  the  following, 
which  shows  more  clearly  than  any  other  I  have  yet  dis- 
covered, the  accuracj^  of  the  views  taken  b^  M.  Chasles  and 
myself,  on  the  impossibility  of  the  Alabaldme  system  having 
commenced  with  the  abacus.    I  merdy  give  the  early  step% 
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which  will  be  quite  suflScient  to  show  the  correctness  of  my 
statement. 

Required  the  result  of  dextans.  siliqua.  ceraces. 

The  reduction  of  dextans : 

dextans  =t     ^f "'  ^''P?^    =  ^"^^^^'  ^"1"^^  «  SHJE^ 
andras.  calcis         andras.  calcis        calcis 
=  semiuncia.  quicunx. 
The  very  first  step  of  which  uses  the  decimal  scale. 

IV.     On  Steam  considered  as  a  Conductor  qf  EledricUy.     By 
Dr.  Charles  Schafha£utl*« 

IN  the  last  Number  of  the  Philosophical  Magazine,  the 
electricity  obtained  from  a  jet  of  high-pressure  steam  was 
considered  to  be  of  similar  origin  with  Uiat  obtained  from  the 
insulated  and  separated  positive  metallic  disc  of  Volta's  £lec- 
trophorus. 

On  this  point]  the  first  question  which  presents  itself  is,  in 
what  relation  does  steam  or  water-gas  stand  with  the  conduct^ 
ors  or  non-conductors  of  electricity. 

It  is  well  known  that  moi^t  air  is  a  conductor  of  electri- 
dty,  and  dry  air,  viz.  air  which  contains  less  water-gas  than 
it  is  capable  of  containing  according  to  its  temperature,  is  a 
non-conductor  of  electricity;  but,  besides  this,  I  am  not  aware 
of  any  experiment  made  to  ascertain  the  conducting  power  of 
pure  steam  without  being  in  contact  with  water  or  mercuiy, 
and  I  therefore  determined  to  ascertain  this  question  by  ex- 
periment. 

The  ends  of  a  glass  tube,  about  two  inches  long  and  a 
qttaiter  inch  interior  diameter,  were  drawn  out  over  a  lamp 
to  points,  and  bent  upwards  in  a  riffhc  angle.  A  thick  pla- 
tinum wire,  with  a  small  ring  formed  at  each  end,  was  then 
inserted  into  one  end  of  the  tube,  and  the  glass  melted  aroun4 
it  air-tight.  Water  was  then  poured  into  the  tube  and  boiled 
till  only  about  two  drops  remained,  when  another  platinum 
wire  was  inserted  at  the  other  end,  and  the  hole  quickly  her- 
metically closed  as  before.  The  distance  between  the  ends  of 
the  two  wires  in  the  tube  was  about  one  inch  and  a  quarter, 
and  the  tube  in  this  state  contained  of  course  nothing  but 
water-gas  and  some  liquid  water. 

This  tube  was  now  mserted  close  to  the  bulb  of  a  thermo- 
meter into  a  small  sand-bath  f,  and  covered  with  the  sand, 
excepting  the  two  vertical  ends. 

*  Commuoicated  by  the  Author,  whose  former  communicatioii  on  the 
subject  appeared  in  our  last  Number;  L.  £•  aod  D.  Phil,  lilag.  voL  xvii. 
p.  449. 

f  I  cannot  omit  to  mention  the  kindness  I  experienced  from  the  gentle- 
men lecturing  at  the  Adelvde  Gallery,  in  allowing  me  the  me  of -tfaei^ 


Digitized 


by  Google 


'  CoHdtmter  ^ElMrieify.  15 

One  of  these  platinum  wires  was  then  connected  with  the 
outside  of  a  Leyden  jar,  the  other  with  an  insulated  discharger. 

The  Leyden  jar,  containing  about  100  square  inches  armed 
surface,,  was  now  charged  by  means  of  fifty  revolutions  of  a 
twelve-inch  glass  plate,  and  then  discharged  through  the  tube 
as  usual,  'Ine  glass  tube  acted  exactly  as  an  imperfect  con* 
ductor,  interrupting  the  conducting  wire,  which  connects  the 
two  surfaces  of  the  jar,  like  a  piece  of  wet  cotton  thread,  or 
portion  of  glass  tube  moistened  inside.  The  jar  was  perfectly 
discharged  by  the  first  touch,  with  that  peculiar  hissing  noise 
and  reddish  fascicular  stream  of  electricity  which  invariably 
occur  under  similar  circumstances.  The  temperature  of  the 
sand-bath  was  now  gradually  raised,  and  at  every  5  degrees 
a  similar  electric  discharge  from  the  Leyden  jar  was  passed 
through  the  tube.  The  same  results  were  obtained  until  the 
thermometer  reached  250  degrees.  At  this  point,  by  dis* 
charffing  the  jar,  a  small  red  spark  was  obtained,  instead  of 
the  rormer  fascicular  stream,  and  the  jar  was  found  to  be  en* 
tirely  discharged,  although  the  noise  occasioned  by  the  spark 
was  scarcely  audible,  compared  with  the  loud  clap  produced 
by  the  discharge  of  the  jar  under  ordinary  circumstances. 

After  the  temperature  had  been  elevated  to  405  degrees^ 
the  contents  of  the  jar  discharged  with  the  usual  brilliant 
spark  and  loud  report,  and  at  the  same  time  the  spark  was 
seen  passing  through  the  tube.  At  this  time  no  moisture 
could  be  detected  in  the  tube,  and  the  water-gas  contained  in 
it  had  entirely  ceased  to  be  a  conductor  of  electricity,  at  the 
same  time  giving  less  resistance  to  the  passage  of  the  spark  than 
common  air,  the  striking  distance  having  been  elongated  from 
half  an  inch  to  one  inch  and  a  quarter.  When  the  tempera- 
ture was  reduced  below  405  degrees,  the  discharge  passed 
as  before  mentioned,  either  as  a  smalt  red  spark,  or  in  a  fasci** 
cular  stream,  according  to  the  temperature.  When  above 
405  degrees  the  spark  passed  as  usual,  until  the  temperature 
rose  to  443,  when  the  tube  burst,  which  prevented  me  from 
ascertaining  its  weight  with  and  without  the  water ;  the  differ- 
ence of  which  would  of  course  have  given  me  the  weight  of 
the  water  contained  in  the  tube,  the  cubical  contents  of  which 
would  have  been  ascertained  by  filling  it  with  quicksilver. 
If  we  assume  that  there  were  two  drops  of  water  m  the  tube 
when  it  burst,  weighing  together  0*73  grains,  and  supposing 
the  contents  of  the  tu&  to  be  500  cubic  lines,  we  have  the 
pressure  of  23*5  atmospheres  therein. 

laboratofy  and  pbilosopliical  apparatus  for  the  purpose  of  makiog  these 
experiments.  Institutions  of  tins  description,  which  are  to  be  found  only 
in  England,  are  invaluable  to  foreigners  occupied  in  philosophical  n^ 
searches. 
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From  the  preceding  experiments  we  may  conclude  that 
steamy  pure  and  free  mm  contact  with  wateri  has,  like  all 
other  gasesi  the  property  of  being  a  non-conductor  of  elec- 
tricity. 

The  facility  with  which  the  spark  passes  through  the  water- 

£;s  seems  to  be  worthy  of  attention ;  the  striking  distance  of 
e  spark  having  increased  from  half  an  inch  to  one  inch 
and  a  quarter;  for,  according  to  Mr.  Harris's  discoveries, 
the  striking  distances  are,  in  ordinary  cases,  in  the  inverse 
ratio  to  the  density  of  the  gas. 

If  we  now  consider  the  fact,  that  the  electricity  of  a  jet  of 
condensed  steam  is,  according  to  Mr.  Armstrong's  experi- 
ments, positive ;  that  the  quantity  of  electricity  obtained  from 
a  jet  ox  high-pressure  steam  is  in  proportion  to  its  conden- 
sation ;  furuier,  that  the  steam  contained  in  the  boiler  pre- 
sents no  appearances  of  free  electricity ;  and  that,  according 
to  Mr.  Pattinson's  experiments,  both  water  and  boiler  are 
negative,  which  is  a  necessary  consequence  of  Mr.  Arm- 
strong's experiments; — we  perceive  a  simultaneous  develop- 
ment of  electric  polarity  in  opposite  directions  from  a  central 
or  neutral  point,  as  in  the  magnetic  steel-bar;  and  this  develop- 
ment of  electric  polarity  can  only  be  ascribed  to  the  opposite 
changes  of  molecular  arrangements,  as  well  as  chemical  con- 
dition of  the  water  and  steam  column ;  and  we  must  consider 
both  electric  poles  as  co-existent  and  not  separately. 

Volta's  electrophorUs  is  only  remarkable  for  the  property 
of  retaining  its  electricity  for  a  lengthened  period,  and  its 
action  is  entirely  due  to  induced  electricity^  with  which  no  one 
will  confound  the  electricity  obtained  from  steam.  Besides, 
the  disc  of  the  electrophorus,  from  which  the  spark  is  obtained, 
must  be  a  perfect  conductor  well  insulated,  and  shows  signs  of 
free  electricity  only  when  it  is,  after  close  contact  witn  the 
electrophoric  cake  and  neutralization  of  its  free  electricity, 
removed  absolutely  from  the  inducing  cake.  In  a  boiler  filled 
with  steam  and  water,  neither  of  the  above-mentioned  circum- 
stances can  take  place,  and  tlie  positive  electricity  of  the  con- 
densed steam,  ana  the  negative  electricity  of  the  boiler  are  the 
only  points  ascertained  by  experiment.  The  electricity  deve- 
lopea  by  evaporation,  as  the  source  of  the  observed  free  elec- 
tricity, IS  only  hypothetical. 

Volta's  experiment,  of  splashing  water  on  ignited  charcoal, 
can  scarcely  be  considered  as  identical  with  the  evaporation 
of  water  in  a  boiler ;  in  the  first  instance,  a  mass  of  chemical 
decomposition  and  changes  are  taking  place  which  never  can 
occur  in  the  latter,  for  even  the  sudden  cooling  of  substances 
is  sufficient  to  produce  signs  of  free  electricity. 
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If  we  ascribe  the  electricity  of  steam  to  its  condensatioDy 
the  circumstances  under  which  that  condensation  takes  place 
are  likewise  of  sreat  influence.  The  smallest  jet  of  nigh- 
pressure  steam  oevelopes  more  free  electricity  than  100  times 
greater  quantity  of  low-pressure  steam; — another  condition 
under  which  electricity  is  produced  from  a  jet  of  steam,  seems 
therefore  to  be  its  rapid  expansion  when  issuing  from  the 
boiler ;  or  probably,  as  I  have  suggested  on  a  former  occasion, 
the  quantity  of  caloric  becoming  latent  during  the  expansion 
of  hi^h-pressure  steam,  has  some  relation  to  the  Quantity  of 
electricity  being  set  free.  Even  electricity  in  thunaer-storms 
seems  to  be  ascribable  partiallv  to  the  rapid  currents  of  air 
whirling  towards  the  centre  of  the  clouds,  as  caloric  is  ab- 
sorbed whilst  the  thunder-clouds  are  charging  themselves. 

V.  Explanation  of  a  Map^  shaming  the  Direction  of  the  Wind 
ai  Noofif  as  observed  at  various  Places,  in  the  Storm  of  De^ 
cember  15,  1839.    By  W.  C.  Redfield,  Esq. 

nPHE  arrows  on  the  map,  Plate  I.  denote,  approximately, 
^  the  direction  of  wind  at  noon  at  the  several^places  of  obser- 
yation.  The  concentric  lines,  drawn  at  intervals  of  thirty  miles, 
were  added,  not  as  precisely  indicating  the  true  course  of  the 
wind,  but  in  order  to  afford  better  means  of  comparison  for 
the  several  observations. 

The  assumed  axis  of  the  gale,  at  this  time,  should  pro- 
bably have  been  placed  more  to  Uie  westward,  on  a  line  with 
the  position  of  the  Morrison  and  Cape  Cod  Bay,  at  which 
points  the  gale  was  then  blowing  witn  great  violence  in  op- 

S>site  directions.  The  Morrison  was  from  China,  bound  to 
ew  York,  and  I  have  reason  to  believe  that  her  position  may 
be  safely  relied  on.  The  ship,  as  I  am  informed,  was  lying 
to  at  noon  with  bare  poles,  and  had  taken  the  western  siae  of 
the  gale  suddenly  at  7  A.M.  This  gale  was  severely  felt  in  most 
of  Uie  region  comprised  in  this  map,  excepting  its  north- 
western and  extreme  northern  portion,  and  excepting  also 
the  li^ht  winds  which  were  found  near  the  axis  of  the  gale  in 
the  vicinity  of  Buzzard's  Bay,  &c.  in  the  afternoon  and  even- 
ing. A  very  heavy  fall  of  snow  accompanied  the  gale  in  the 
states  of  Connecticut,  Rhode  Island,  Massachusetts,  New 
Hampshire  and  Maine,  also  in  parts  of  the  states  of  New 
York  and  Vermont  Some  snow  also  fell  in  the  western  and 
northern  parts  of  New  York  and  Vermont,  but  attended  with 
moderate  winds,  chiefly  from  the  north  and  north-west. 

AbbrevUaioiu — N.H.  New  Hampshire. — ^Me.  Maine. — Ms.  Massachu- 
setts. — ^R.!.  Rhode  Island,  State.---Ct.  Connecticut.— L.I.  Long  Island.—- 
N.Y.  New  York,  State. — N.  J.  New  Jersey.  Note.  My  observations  on 
the  15th  P.M.  have  on  a  former  occanon  been  erroneously  printed  N.W. 
by  W;;fraiN.W.fafyN. 

Thik  Mag.  S.  9.  Vol  IS.  N(^  114.  Jan.  16il.       C 
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[   «o  ] 

VL  Semaris  relating  to  the  Tornado  tokich  visited  New 
Brunswick  in  the  State  of  New  Jersey^  June  19,  1835,  with 
a  Plan  and  Schedule  of  the  Prostrations  observed  on  a  SeC" 
tion  of  its  Track.    Btf  W.  C.  Redfield,  Esq*. 

[Illustrated  by  Plate  IL] 

IN  a  paper  printed  in  the  American  Journal  of  Scienoe^  in 
which  I  referred  to  the  support  given  by  Prof.  Bache  to 
Mr.  Esp^'s  theory  of  storms,  at  the  meeting  of  the  British 
Association  in  18S8,  founded  upon  observations  made  on  the 
New  Brunswick  tornado,  I  have  stated,  that  in  my  own  ex- 
aminations I  had  observed  numerous  facts  which  appear  to 
demonstrate  the  whirling  character  of  this  tornado,  as  well  as 
the  inward  tendency  of  the  whirling  vortex  at  the  surface 
of  the  ground ;  and  further,  that  the  direction  of  rotation 
was  towards  the  lefi^  as  in  Uie  North  Atlantic  hurricanesf* 
It  was  due  to  Prof.  Bache  that  my  observations  should  be 
brought  forward,  a  task  which  has  been  too  long  delayed, 
partly  from  a  desire  that  he  would  revise  his  former  conclu- 
sions. The  facts  now  presented  form  part  of  the  evidence  to 
which  I  then  alluded. 

If  the  effects  which  I  present  for  consideration  be  due  to 
<<  a  moving  column  of  rarefied  air  without  any  whirling  mo- 
tion at  or  near  the  surface  of  the  ground,''  as  maintained  by 
Prof.  Bache:]:,  we  might  expect  to  find  a  relative  uniformity 
in  these  effects,  on  the  two  opposite  sides  or  margins  of  the 
track.  How  far  this  is  the  case,  may  be  seen  by  inspecting 
the  observations  which  are  found  upon  the  annexed  figure. 
(Plate  II.) 

The  occurrence  of  these  tornadoes  appears  to  have  been 
noticed  from  the  earliest  antiouity;  and  their  violence  has 
been  considered  as  the  effect  or  an  active  whirling  motion  in 
the  body  of  the  tornado ;  this  peculiarity  of  action  having 
often  been  supported  by  the  testimony  of  eye-witnesses. 

The  whirling  motion,  however,  has  not  been  recognized  by 
Prof.  Bache,  Mr.  Espy  $,  or  Prof.  Walter  R.  Johnson  ||,  in 
their  several  accounts  of  the  New  Brunswick  tornado ;  Uiese 
writers  having  been  led  to  adopt  or  favour  a  theory  of  ascending 
columns  in   the  atmosphere,  founded  on  the  supposed  in- 

*  [Communicated  by  Sir  John  F.  W.  HerBchel,  Bart.]  Thii  paper  was 
intended  by  its  author  to  have  been  read  at  the  late  meeting  of  the  British 
Association  in  Glasgow,  but  was  unfortunately  detained.-^.  F.  W.  H. 

t  Amer.  Joum.  of  Science,  Oct.  1838,  vol.  xzxv.  pp.  209^  ^• 

I  Transactions  of  Amer.  Phil.  Society,  vol.  v.p.  417.  New  Series. 
§  Trans.  Amer.  Phil.  Society,  vol.  v.  New  Senes. 

II  Joum.  Academy  Nat.  Sciences  of  Philadelphia,  vol.  vii.  Pan  ii. 
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floence  of  calorific  expansion  accompanying  the  condensa* 
tion  of  vapour. 

It  is  remarkable  that  up  to  this  period  the  evidences  of  the 
rotation,  or  other  characteristic  action  of  tornadoes,  appear 
not  to  have  been  recorded,  nor  to  have  received  the  distinct 
consideration  of  scientific  observers.  We  are,  therefore,  left 
to  seek  out  the  peculiarities  of  their  action,  by  examining  the 
direction  of  the  prostrations  and  other  effects  of  the  wind : 
and  from  a  careful  induction  from  the  effects  which  are  thus 
registered  as  by  the  finger  of  the  tornado,  we  may  hope  to 
arrive  at  satbfactory  conclusions. 

If  the  numerous  prostrations  of  trees  and  other  objects, 
which  may  be  observed  in  the  path  of  a  tornado,  be  the 
effects  of  a  violent  whirlwind,  it  appears  most  reasonable  to 
infer  that  this  whirl  had  the  common  property  which  may 
be  observed  in  all  narrow  and  violent  vortices,  viz.  a  spirally 
involute  molion^  quickened  in  its  gyrations  as  it  approaches 
toward  the  centre  or  axis  of  the  whirl,  and  there  continued 
(in  the  case  of  the  whirlwind)  spirally  upward,  but  gradually 
expanding  again  in  its  spiral  course  in  ascending  towards  the 
extreme  hei^t  of  the  revolving  mass. 

If  we  now  contemplate  the  action  of  this  whirling  body, 
while  in  a  state  of  rapid  progression,  on  the  several  objects 
found  in  distinct  portions  of  its  path,  we  may  expect  to  wit« 
ness  effects  of  much  complexity,  particularly  as  regards  the 
lines  of  direction ;  and,  also,  that  amid  this  apparent  com- 
plexity some  clue  may  be  obtained  that  will  serve  to  indicate 
or  establish  the  true  character  of  its  action.  Some  of  the 
effects  which  may  be  expected,  or  observed,  will  be  here 
considered. 

1.  We  may  expect  to  find  in  the  path  of  the  whirlwind, 
strong  evidence  of  the  inward  or  vorticular  course  of  the 
wind :  the  violence  of  which  inward  motion  is  clearly  indi* 
cated  by  the  force  with  which  various  objects,  often  oi  much 
weight,  are  carried  spirally  upward  about  the  axis  of  the  re- 
volving body. 

Now  the  effects  of  this  inward  vorticular  motion  at  the 
surface  of  the  ground,  are  clearly  manifested  in  the  cases  be- 
fore us ;  and  are  also  well  illustrated  by  Prof.  Bache  in  his 
paper  on  this  tornado,  although  referred  by  him  to  a  different 
action  *• 

2.  As  the  effects  observed  at  various  points  in  the  track 
were  produced  at  different  moments  of  time  and  by  forces 
acting  in  different  directions,  as  well  as  of  various  intensities, 

*  Trsnsactions  of  American  Philosophical  So(^iety,  vol.  v. 
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we  may  expect  to  find  great  diversities  in  the  several  direc- 
tions of  the  fallen  trees  and  other  prostrated  bodies :  and 
further,  as  all  the  forces,  in  addition  to  their  inward  tendency, 
have  likewise  a  common  tendency  in  the  direction  pursued  by 
the  tornado,  we  may  expect  to  find,  also,  full  evidence  of  this 
prozressive  force  in  the  direction  of  the  fallen  bodies. 

Inese  effects,  I  need  hardly  state,  are  distinctly  observed 
in  the  case  before  us ;  and  appear  likewise  from  the  observa- 
tions of  Prof.  Bache.  The  results  already  noticed  have  been 
observed  also  .  in  the  tracks  of  other  tornadoes ;  so  that  a 
general  inclination,  both  inward  and  onward,  amid  the  various 
and  confused  directions  of  the  fallen  bodies,  is  distinctly  re- 
cognized by  all  parties  to  this  inquiry. 

8.  It  has  been  often  noticed,  that  where  two  fallen  trees 
are  found  lying'across  each  other,  the  uppermost  or  last  fallen 
points  most  nearly  to  the  course  pursued  by  the  tornado. 

In  view  of  the  facts  above  stated,  much  pains  have  been 
taken  to  establish,  by  induction,  a  central  and  non-whirling 
course  in  the  wind  of  the  tornado ;  first  inward  and  then 
upward,  like  that  resuhiilg  from  a  common  fire  in  the  open 
air.  I  do  not  propose  to  notice  the  insuperable  difficulties 
which  appear  to  attend  this  hypothesis.  It  is  important  to 
state,  however,  that  all  the  above-mentioned  effects,  when 
theoretically  considered,  are,  at  least,  equally  consistent  with 
the  involute  whirling  action  of  an  advancing  vortex.  This 
important  consideration  I  have  not  seen  recognized  by  the 
advocates  of  the  non-whirling  theory ;  and  it  seems  proper, 
therefore,  to  point  out,  as  we  proceed,  other  and  more  di- 
stinguishing effects  of  the  whirling  action. 

4.  It  has  been  noticed,  also,  that  the  directions  given  to 
broken  limbs  and  other  bodies,  by  the  successive  changes  in 
the  direction  of  the  wind  as  Uie  tornado  passed  over,  have 
been  found  in  opposite  courses,  on  the  two  opposite  margins 
of  the  track. 

This  fact,  too,  has  been  strondy  urged  as  disproving  a 
rotary  motion.  But,  unfortunately  for  the  objection,  this 
effect  accords  fully  with  the  rotary  action  of  a  progressive 
mass  of  atmosphere;  as  is  well  known  to  all  who  understand 
the  theory  of  rotary  storms. 

In  all  such  whirling  masses  the  successive  changes  in  the 
direction  of  the  wind,  which  result  solely  from  their  pro- 
gressive motion,  necessarily  take  place  in  opposite  directions 
or  courses,  on  the  two  opposite  sides  of  the  advancing  axis. 
This  indication  fails,  therefore,  as  a  theoretic  test:  and  I 
now  proceed  to  notice  others,  which  are  peculiar  to  a  pro- 
gressive whirling  ^Uon. 
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5.  In  considerinff  further  the  effects  of  such  action,  we 
may  expect  to  find  that  the  increased  activity  of  gyration 
which  is  obsenred  near  the  centre  of  a  vortex,  will  m  indi- 
cated by  a  more  violent  and  irr^ular  action  in  and  near  the 
path  pursued  by  the  axis  of  the  whirlwind,  than  is  found 
under  its  more  outward  portions. 

This  effect  is  often  strikingly  exhibited  in  the  path  of  tor- 
nadoes ;  while,  in  the  supposed  ascent  of  a  non-whirlinff  co- 
lumn, it  would  seem  that  no  part  of  the  surface  would  be  so 
much  exempted  from  its  action  as  that  lying  near  its  centre. 

6.  As  the  effect  of  rotation  must  be  to  produce,  on  one 
side  of  the  advancing  axis,  a  reversed  nootion  which  is  con- 
trary to  the  course  of  the  tornado^  it  is  evident  that  on  this 
side  the  prostrating  power  will  be  much  lessened ;  that  the 
cases  of  prostration,  therefore,  will  be  less  numerous ;  and 
that  some  of  these,  at  least,  will  be  produced  in  a  backward 
direction,  more  or  less  opposite  to  the  course  of  the  tornado. 
By  this  criterion,  not  only  the  whirling  movement,  but  the 
direction  of  the  rotation  also  may  be  clearly  ascertained. 

This  effect  is  best  observed  by  comparing  the  two  opposite 
margins  of  the  track ;  and  is  strongly  exemplified  in  the  case 
before  us.  Here  we  find,  that  most  of  the  trees  prostrated 
within  five  chains  (110  yards)  from  the  northern  or  left-hand 
mai^n  of  the  track,  lie  in  directions  which  are  more  or  less 
backward  from  the  course  of  the  tornado.  The  prostrations 
in  thb  part  of  the  track  are  also  for  the  most  part  less  general 
than  on  the  opposite  side  of  the  axis  *,  a  greater  portion  of 
the  trees  being  left  standing. 

It  sometimes  happens,  owinff  perhaps  to  the  inward  or 
involute  motion  having  exceeded  tne  progressive  motion  at  a 
particular  point,  that  some  inclination  backward  will  be  found 
in  the  prostrations  on  the  progressive  side  of  the  whirl,  as 
seen  on  the  sketch,  Nos.  77  to  80.  But  these  unfrequent 
cases  by  no  means  compare  with  the  numerous  backward 
and  sometimes  cutmard  prostrations,  found  on  the  reverse 
side  of  the  whirl,  as  illustrated  by  Nos.  1,  8,  4,  7,  9,  10,  12^ 
IS,  &c.  on  the  left  side  of  the  track- 
Thus  we  find  here  a  satis&ctory  indication  that  this  tor- 
nado was  a  whirlwind ;  and  that  the  course  of  its  rotation  was 
to  the  1^  in  front. 

7.  It  is  also  apparent,  that  the  prostrating  power  of  a 
whirlwind  on  the  side  of  its  reversed  motion  as  just  const- 

•  There  was  a  vacant  space  in  the  belt  of  wood,  immediatehr  to  the 
right  of  the  line  c  c  or  axis  of  the  tornado,  owing  to  which  the  eflnct  men- 
tioned does  not  appear  so  obvious  in  the  figure. 
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dered,  will  be  limited  to  a  shorter  distance  than  cm  the  op- 
posite or  progressive  side  of  its  axis. 

This  is  seen  in  the  more  limited  exierU  of  the  prostrations 
on  the  north  or  left  margin  of  the  tracki  as  compared  with 
the  extent  of  those  which  incline  inward  on  the  right  side  oi 
the  apparent  axis.-*-There  were  many  trees  standing  beyond 
the  northern  border  of  the  tracks  but  nmie  had  fallen. 

8.  It  follows^  in  like  manner,  that  on  that  side  of  a  whirl- 
wind in  which  the  rotary  motion  coincides  with  the  pro- 
gressive movement)  the  prostratinff  power  will  not  only  be  in- 
creased in  its  intensity,  but  will  also  be  eflfective  over  a  wider 
space;  and  that  lew,  if  any,  of  the  prostrated  l)odies  will  be 
found  to  have  been  thrown  backward. 

In  the  case  before  us,  as  may  be  seen  in  the  sketch,  the 
prostrations  are  found  to  extaid  on  the  southern  or  rig^t 
side  of  the  apparent  axis  to  a  distance  nearly  twice  as  great 
as  on  the  left  side.  The  same  general  result  has  also  been 
noticed  in  the  tracks  of  other  tornadoes  which  I  have  ex- 
amined. 

The  facts  here  considered  are  too  important  to  be  over- 
lodsed,  and  seem  fully  to  establish  the  course  of  rotation. 

9.  If  a  rotative  action  be  exhibited,  the  mean  directions  of 
all  the  prostrations,  on  each  of  the  two  opposite  sides,  wUl 
difier  greadv  in  their  respective  inclinations  to  the  line  of  pro- 
gress, and  the  mean  direction  of  those  on  the  reverse  side  wUl 
be  found  more  backward  than  on  the  opposite  side,  where  the 
rotative  course  coincides  with  the  projjressive  action. 

In  the  case  before  us,  Ae  mean  direction  of  all  the  pro- 
strations on  the  right  side  of  the  track  is  found  to  incline 
fiffy-seven  degrees  inward  from  the  line  of  progress.  The 
coarse  of  die  tornado  is  here  taken  to  be  east;  although  for 
the  last  half  mile  its  course  had  been  a  little  north  of  east. 
Oto  the  left  side,  the  mean  direction  is  found  to  be  &  6^  W., 
or  ninety^six  degrees  inward  and  backward ;  a  difference  in 
the  mean  inclination  from  the  course  on  the  two  sides  of 
forty-seven  degrees*. 

K  we  now  take  the  indications  afforded  by  the  two  ex- 
terior portions  of  the  track,  to  the  width  of  five  chains  on 
each  side,  where  the  effects  are  more  distinctive  in  their  cha- 
racter, we  find  on  the  right  side  a  mean  inward  inclination  of 
fortv*nine  degrees;  the  mean  direction  being  N.  41^  E.: 
while  on  the  kft  side  of  the  track  the  mean  inclination  is  not 
only  inward,  but  forty-seven  degrees  l}ackward;  the  mean 

.  *  The  indinatioiis  of  the  £illen  trees  from  the  coune»  ob  both  sides  the 
axis,  are  reckoned  inward  and  backward. 
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JKrection  on  this  side  being  S.  47''  West.  We  have  ibus  a 
mean  difference  in  the  inclination  of  the  fallen  trees  on  the 
two  exterior  portions  of  the  track,  of  no  lest  than  eighty- 
dght  degrees*  These  indications  seem  conclusive  also  in 
favour  ot  the  whirling  action  in  the  direction  from  right  to  left 

la  Although  of  less  importance,  it  shonid  be  mentioned 
that  ihe  diminished  action  of  the  tornado  which  is  commonly 
observed  on  the  hill  sides  and  smnmits  over  which  it  passes, 
and  the  greatly  increased  action  in  the  bottoms  of  the  valleys 
and  even  in  deep  ravines,  afford  a  strong  argnment  against 
ascribing  Uie  effects  to  the  ascent  of  a  non^wntrling  rarefied 
column ;  as  the  latter,  it  would  seem,  must  act  witti  greater 
force  on  the  hill  sides  and  summits  than  in  the  bottoms  of 
valleys.  The  general  correctness  of  the  observation  here 
stated  cannot  justly  be  questioned. 

11.  The  siidden  and  extraordinary  diminution  of  the  at- 
mospheric pressure  which  is  said  to  take  place  at  the  points 
saccessivdy  passed  over  by  the  tornado^  earning  the  doors  and 
windows  of  buildings  to  burst  outwards,  seems  to  afibvd 
strong  confirmation  of  a  violent  whirling  motion,  for  an  effsct 
of  diis  kind  is  necessarily  due  to  the  centrifugal  and  upward 
fierce  of  the  vorticular  action.  There  are  no  other  means 
known  by  which  such  an  abstraction  of  pressure  can  be  e& 
fitted  in  the  open  air.  An  increase  of  calorific  elasticity,  if 
audi  were  produced,  either  generally  or  locally,  would  not 
greatly  disturb  the  equilibrium  of  pressure,  being  resisted  by 
Uie  surrounding  and  incumbent  weight  of  the  entire  atmo» 
mhere.  Besides,  the  immediate  effect  of  s«cb  increased  elas- 
ticity mi|;ht  rather  be  to  burst  inward  the  windows  and  doors 
<rf*  buildmgs  exposed  to  its  action. 

Some  of  the  more  important  indications  mentioned  above, 
appear  also  from  Prof.  Bache's  observations;  although  the 
latter  are  not  definitely  located  by  htm,  as  r^;ards  the  ex- 
treme borders  of  the  track.  Thus,  in  figure  7  of  Prof. 
Bache's  paper,  assuming  the  course  of  the  tornado  to  be  east, 
and  rej^:ting  a  few  observations  near  the  centre,  to  avoid 
error,  we  find  in  twenty  observations  on  the  right  side  of  the 
track,  a  mean  inward  indination  of  sixty-four  degrees,  and 
for  nine  observations  on  the  leflside,  a  mean  inclination, 
reckoned  inward  and  backward  from  the  course,  of  one  hun- 
dred and  four  degrees,  being  fourteen  degrees  backward. 

It  is  stated  by  Prof.  Bache,  ^  that  the  trees  lying  perpen- 
dicular to  the  track  of  the  storm,  are  not  those  fiirmest  mim 
the  centre  of  that  track."  This  generalization  accords  with 
my  own  observations ;  but  can  hardly  be  reconciled  with  an 
inward  non-whirling  motion  in  the  tornado. 

It  may  appear  to  some  that  in  the  case  of  a  whirlwind  the 
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greater  portion  of  the  prostrations  on  the  reverse  -side  of  the 
axis  should  be  found  in  a  backward  direction :  and  so  they 
would  undoubtedly  be  found,  were  it  not  for  the  inward  and 
the  progressive  action.  But  the  force  is  here  so  far  lessened  by 
the  reverse  action  above  noticed,  that  in  most  cases  only  a  small 
portion  of  the  trees  exposed  will  be  thus  prostrated :  while 
the  greatest  force  of  the  whirlwind,  on  this  side,  is  felt  near 
its  fast  or  closing  portion  and  towards  the  apparent  axis, 
where  the  inward,  together  with  the  rotative  and  prcM^ress* 
ive  forces,  seem  to  combine  their  influence  in  the  closing 
rush  towards  the  heart  of  the  receding  vortex.  This  appears 
to  account  for  the  nearly  opposite  directions  of  prostration 
found  on  this  side,  and  it  is  apparently  by  this  more  violent 
closing  action,  that  many  trees  which  were  first  overthrown 
in  a  direction  nearly  across  the  centre  of  the  path,  were 
again  overturned  inversely,  and  often  carried  forward  nearly 
in  the  course  of  the  tornado.  It  is  proper  to  remark  here^ 
that  an  attentive  examination  of  these  effects  has  served  to 
convince  me  that  on  the  right  and  more  central  portions  of 
the  track  the  prostrations  for  the  most  part  take  place  either 
at  the  outset  or  under  the  middle  portions  of  the  whirlwind, 
while  on  the  left  or  reverse  side,  up  to  the  line  of  the  apparent 
axis,  and  sometimes  across  the  latter,  they  occur  chiefly  under 
the  closing  action  of  the  whirl,  as  above  described.  1  he  vio« 
lent  efiects  of  the  latter  are  more  clearly  seen  as  we  advance 
from  the  left-hand  margin  towards  the  centre  or  apparent 
axis  of  the  path. 

From  the  causes  to  which  I  have  just  alluded,  aided  by  the 
elevating  forces  about  the  axis  of  the  tornado,  the  efiects  are 
usually  more  violent  on  and  near  the  line  passed  over  by  the 
axis,  than  in  other  portions  of  the  track.  This  line  of  greatest 
violence  is  found  to  coincide  nearly  with  the  line  which  se- 
parates the  inwardly  inclined  prostrations  of  the  two  opposite 
sides  of  the  track*.  The  latter  line  or  apparent  axis  of  the 
track  is  sometimes  called  the  line  of  convergence,  and  is  in- 
dicated on  the  figure  by  the  line  and  arrow  c  c.  Along  this 
line,  from  the  causes  just  mentioned,  aided  also  by  the  ele- 
vating forces  about  the  axis,  many  of  the  trees  are  carried 
forward  and  left  with  their  tops  in  a  direction  nearly  parallel 
to  the  course  of  the  tornado ;  forming  an  apparent,  but  not 
a  just  exception,  to  the  more  lateral  direction  which  pertains 
to  most  of  the  trees  prostrated  by  the  onset  of  the  whirlwind, 
near  the  central  portions  of  the  track.  Indeed,  the  central  or 
closing  violence  of  the  advancing  whirl  is  here  so  great,  that 

*  The  line  of  greatest  violence,  for  the  most  part,  is  found  somewhat 
te  the  right  of  the  line  of  convergence. 
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tbe  trees  are  not  unfrequently  torn  out  of  the  ground  and 
carried  onward  to  considerable  distances. 

It  is  proper  to  state  here,  that  in  the  tracks  of  all  the  tornadoes 
which  I  have  had  opportunity  to  examine,  and  in  some,  at 
least,  of  those  examined  by  others,  the  course  of  rotation  has 
been  found  the  same  as  in  the  case  before  us  *• 

In  order  to  make  a  just  and  satisfactory  examination  of  the 
effects  of  a  tornado,  it  appears  necessary  to  select  portions  of 
the  track  where  the  extension  of  wood  or  single  trees,  on 
each  side^  is  found  sufficient  to  mark  clearly  the  exterior 
limits  of  the  prostrating  power,  and  where  the  effects  on 
both  sides  of  tne  axis  are  also  clearly  developed.  Our  next 
care  should  be  to  ascertain,  as  near  as  may  be  practicable, 
the  line  which  separates  the  opposite  convergence  of  the  two 
sides,  noticed  above  as  the  axis  or  line  of  convergence.  We 
should  then  determine  the  general  direction  of  this  line  and 
of  the  track  at  the  place  examined ;  which  being  done,  we 
may  proceed  to  measure  the  distance  to  which  the  prostra- 
tions are  extended  on  each  side,  and  then  carefully  to  take 
the  position  and  direction  of  prostration  of  each  and  all  of  the 
fallen  bodies,  noting  with  care,  also,  any  other  phaenomena 
which  may  serve  to  aid  our  inquiries.  We  may  thus  obtain 
valuable  materials  for  future  analysis ;  and  this  course  of  in- 
vestigation, if  faithfully  pursued,  will,  it  is  believed,  remove 
all  reasonable  doubt  of  tne  rotative  action  of  these  tornadoes. 
An  examination  of  their  probable  origin  and  the  causes  of 
their  enduring  activity  and  violence,  belongs  not  to  the  pre- 
sent ocasion. 

New  York,  July  20»  1840. 

Schedule  of  Observations  on  the  Directions  of  the  Trees  pro- 
sirated  by  the  Tornado  of  June  19,  18S6,  near  New  Bruns- 
Wickf  N  «7.     Course  of  the  Tornado^  East. 
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Direction  of  ProttntioiB. 


Table  I.  Left  divition  of 
the  track  to  the  Ime 
b  b:  width  fine  ckmm, 
or  1X0  yards, 

S.  2(P\f.    

S.  80  W 

N.  67  W 

South 
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110 

170 
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90 


3. 
4. 
6. 
6. 
7. 
8. 
9. 
10. 


Difection  of  PRMtrattoiia 


^a^ 


West. 
S.  80O.W. 
8.  40  W. 
S.  40  W. 
S.  80  W. 
S.  10  E. 
S.  60  W. 
S.  60  W. 


180 
170 
130 
130 
170 
100 
140 
140 


*  As  in  the  tornado  which  passed  through  Allegany  county.  New  York, 
Jttly  85, 1838«  described  by  Mr.  Gaylord  m  tbe  American  Journal  of  Sci- 
ence, vol.  zxivii.  p.  92. 
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No.33^»East,    being 

63. 

N.  35^E.     ...     •••     ••• 

55 

an  inward  inclination 
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N.  46  £•    •••    • 

45 

of  57  d^ees»  nearly. 

VII.  On  a  new  Compound  ^  Chlorine  and  Chfonogen* 
By  James  Stsnhouse,  Esq.* 
^T^HIS  somewhat  remarkable  compound  may  be  obtained  by 
two  processes^  both  of  which  I.  shall  now  minutely  de» 
scribe.  The  first  way  in  which  I  obtained  it  was  by  decom« 
posinp^  an  alcoholic  solution  of  bicyanuret  of  mercuiy  by  dry 
chlorine  ms.  The  method  of  proceeding  is  the  following. 
Four  or  five  ounces  of  bicvanuret  of  mercury  should  be  fine^ 
powdered,  and  introduced  into  a  tubulated  retort,  and  the 
same  weight  of  strong  alcohol  poured  over  them.  It  is  proper 
to  agitate  the  mixture  for  some  time,  and  even  to  heat  it  a 
litde,  in  order  to  saturate  the  alcohol  completely  with  the 
salt.  The  retort  is  then  to  be  kept  as  cool  as  possible  by 
beinff  jplaced  in  a  vessel  of  cold  water,  a  copious  stream  of 
whidi  is  to  be  kept  falling  upon  it  during  the  whole  process. 
The  chlorine  to  be  introduced  into  the  solution  of  the  bicy* 
anuret  of  mercury  must  be  dried,  by  being  passed  through  an 
intermediate  vessel  containing  sulphuric  acid :  it  may  then  be 
conveniently  introduced  into  the  solution  by  a  tube  passed 

*  Communicatedby  the  Author;  having  appeared  in  Liebfg's  ilmiate 
for  January^  1840. 
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through  the  tubalore  of  the  retort,  and  reaching  nearly  to  its 
bottom.  The  current  of  chlorine  is  to  be  sent  through  the 
liquid  very  slowly:  if  this  is  not  attended  to,  the  temperature 
rises  very  high,  and  the  gaseous  chloride  of  cyanogen  passes 
off  as  fastius  it  is  formed,  instead  of  being  absorbed  by  the 
alcobolf  and  the  quantity  of  the  compound  obtained  is  exceed- 
ingly diminished,  if  indeed  its  formation  be  not  wholly  pre- 
vented. Wh^n  this  is  the  case  heavy  muriatic  aether  is  almost 
the  only  product ;  but  by  careful  cooling  and  cautious  evolu- 
tion of  the  chlorine  this  result  may  be  easily  prevented. 

When  the  current  of  chlorine  has  been  sent  through  for 
some  time,  abundance  of  crystals  begin  to  appear  in  the  re- 
tort, accompanied  by  a  violent  effervescence.  These  crystals 
will  be  found  to  be  sal-ammoniac,  the  quantity  of  which,  when 
there  was  not  much  alcohol  in  the  retort,  is  so  great  as  to 
convert  the  whole  into  a  solid  mass.  If  the  chlonne  is  con- 
tinued to  be  sent  through  the  liquid  after  the  crystals  of  sal- 
ammoniac  have  appeared,  it  forms  abundance  of  the  heavy 
muriatic  sDther,  which  adheres  tenaciously  to  the  chlorocyanous 
compound,  and  from  which  it  can  be  separated  only  by  re- 
peatedly dissolving  it  in  hot  alcohol,  and  precipitating  it  by 
water.  If  any  trace  of  this  aether  remains  adhering  to  the 
crystals,  it  communicates  to  them  its  peculiar  smell  and  greasy 
feel,  and  lowers  their  melting  point  very  considerably. 

If  the  alcoholic  solution  is  then  treated  with  water^  the 
sal-«mmoniac  is  dissolved,  and  the  cyanogen  compound  falls 
in  great  abundance  in  long  silver-white  needles.  If  this  is 
done  by  hot  water  the  crystals  form  more  slowly,  and  become 
therefore  lar^r  and  more  beautiful.  When  the  liquid  has 
stood  some  time  the  crystals  are  to  be  collected  and  washed 
upon  a  filter  with  cold  distilled  water,  till  every  trace  of  acid 
is  removed;  they  are  then  quite  pure.  The  salt  which 
remains  in  solution  after  the  crystallization  of  the  cyanogen 
compound  is  not  corrosive  sublimate,  as  might  be  expected ; 
it  is  the  combination  of  chloride  of  mercury  and  sal-ammoniac 
usually  known  as  the  sal-d'Alembroth ;  it  is  much  more  so- 
luble than  corrosive  sublimate. 

I  shall  now  describe  the  second  method,  which  is  much 
more  oeconomical. 

Strong  hydrocyanic  acid  is  first  made  in  the  usual  way  by 
sulphuric  acid  and  prussiate  of  potash.  It  is  then  to  be  re- 
distilled, and  to  be  condensed  in  the  alcohol  intended  to  be 
used,  until  the  latter  is  saturated  with  the  acid.  The  other 
arrangements  are  precisely  the  same  as  in  the  first  process ; 
and  the  too  rapid  evolution  of  chlorine,  or  the  heatine  of  the 
solution,  must  be  carefully  guarded  against     The  chlorine  is 
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continued  to  be  sent  through  the-liquid  till  the  crystals  of  sal* 
ammoniac  begin  to  form,  which  is  accompanied  by  the  violent 
effervescence  I  have  before  mentioned,  owing  to  the  escape  of 
carbonic  acid  gas. 

The  cause  of  these  phsenomena  is  owins  to  the  decomposi- 
tion of  chloride  of  cyanogen,  by  its  constituents  uniting  with 
the  elements  of  four  equivalents  of  water,  and  giving  rise  to 
sal-ammoniac  and  carbonic  acid,  as  will  be  readily  seen  from 
the  following  symbols* 

CI,  Nj  I  C^ 
He  O4 

or  C,  Nj  CI,  +  He  O4  =  C,  O4  +  Nj  H^  Cl^ 

Properties  of  ike  Compound. 

The  compound  crystallizes  in  long,  soft,  perfectly  white 
needles,  of  a  silvery  lustre ;  they  very  much  resemole  sul- 
phate of  quinine:  it  is  neutral  to  test  paper;  it  is  tasteless 
and  inodorous;  it  melts  at  140^  C,  by  wnich  heat  it  is  pardy 
sublimed.  When  heated  to  160^  C.  it  is  decomposed,  and 
emits  a  smell  resembling  that  of  benzoic  aether.  It  bums  easily 
with  a  large  yellow  flame,  resembling  that  of  alcohol,  and  emits 
no  smoke.  It  is  little  soluble  in  cold  water,  but  so  much  so  in 
boiling  as  to  be  deposited  in  crystals  on  the  cooling  of  the 
liquid.  In  alcohol  and  aether  it  is  very  soluble,  but  it  may  be 
precipitated  from  either  solvent  by  water :  it  is  deposited  in 
crystals  on  their  evaporation. 

When  heated  with  an  aqueous  solution  of  potash  it  is  de- 
composed with  the  evolution  of  ammonia,  and  the  solution 
becomes  of  a  deep  brown  colour.  With  a  solution  of  liquid 
ammonia  in  the  cold  there  is  no  action,  but  it  b  dissolved  on 
the  application  of  heat,  and  is  deposited  unaltered  on  the 
cooling  of  the  liquid.  Sulphuric  acid  dissolves  it  very  readily 
when  assisted  by  a  gentle  heat;  it  is  not  in  the  least  black- 
ened ;  it  does  not  precipitate  on  the  cooling  of  the  liquid,  but 
water  causes  the  precipitation  of  it  in  an  apparently  unaltered 
state. 

The  analyses  conducted  in  the  usual  way  gave  the  follow- 
ing results. 

1st  0*7902  of  the  combination  gave  V022  carbonic  acid 
and  0*860  water. 

2nd.  0*505  gave  0*658  carbonic  acid  and  0*227  water. 

1st.  0*7925  gave  by  decomposition  at  red  heat  by  quick 
lime  0*888  chloride  of  silver,  equal  to  25*980  per  cent,  chlorine. 

2nd.  0*5245  gave  0*555  chloride  of  silver  equal  to  26*10 
per  cent,  chlorine. 

The  nitrogen  was  determined  qualitatively.     The  carbonic 
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add  was  to  the  nitrogen  in  the  proportion  of  8 ::  1  by  vo- 
lume, accordingly  8 : :  2  in  atomic  proportion. 
Tbb  gives  the  following  result. 

1.  2. 

Carbon     35-760  S6H)2 

Hydrogen    ...      5*038  4*99 

Nitroffen  10*350  10*48 

Chlorme  25*930 26*10 

Oxygen    22-922  22-46 

100-000  100-00 

Theoretical  composition. 

tnlOOpirts. 

16  at  Carbon    1222*96     ......     85*60 

28  at.  Hydrogen  ...     174-71     5*08 

4at.Nitroffen 854*08     10*80 

4  at.  Chlorme 885-80     25-75 

8  at  Oxygen  ......     800-00    28*27 

8487*05  100*00 

From  this  formula  Prof.  Liebig  has  sliown  that  it  may  be 
considered  as  a  combination  of  8  atoms  aldehyd,  2  atoms 
cblorcyan,  and  5  atoms  of  water,  as  follows. 
8atAlddiyde  =  C^,  His  O^ 

2  at  Chloride  of  cyanogen  sr  C4  N4  CI4 

5  at  Water  =         H,o  O5 

1  at  of  the  combination  C|g  H^^g  Og  N4  CI4 

VIIL   On  the  Composition  of  Chelidonin  and  Jervin.    By  Dr. 
Heinrtch  Will*. 

'T^HE  organic  bases  employed  in  the  following  analvses 
^    were  prepared  and  sent  to  me  to  be  analysed  by  tiieir 
discoverers;  the  chelidonin  by  Dr.  Probst  of  Heidelberg^ 
and  the  jervin  by  E.  Simoa,  apothecary  in  Berlin. 

Chelidotiinf. — The  chelidonin^  whose  properties  and  mode 
of  preparation  have  been  described  by  rrobst,  forms  a  pure 
white,  soft  powder,  and  is  also  obtained  in  a  crystalline  form. 
When  heated  it  melts  into  a  colourless  oily  fluids  which  be- 
comes brown  at  a  stronger  heat;  finally  it  takes  fire  and  boms 
away  with  a  bright  smoky  flame,  without  leaving  the  least 
residue.  The  base  dried  in  the  air  contains  water  of  crystal* 
lization  which  disappears  completely  at  a  temperature  of  100 

*  From  Uebig't  Amuiten  der  Pkarmade  for  July,  1840:  vol.  xxxv* 
part  1. 
t  See  th^  Supplementary  Number  for  the  present  month|  vol.  xvii.  p.543. 
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centigrade;  if  healed  then  lili  it  indts^  which  it  does  at  ISO 
cent.,  it  loses  no  more  weight.  It  is  soluble  in  alcohol 
and  aether,  but  not  in  water ;  a  good  deal  of  ammonia  is  deve- 
loped when  it  is  melted  with  caustic  potash.  A  solution  of 
chelidonin  in  diluted  muriatic  acid,  or  the  waten^  solution  of 
the  neutral  muriate  itself,  gives  with  chloride  of  platinum  a 
beautifully  yellow  precipitate,  at  first  flaky,  but  afterwards 
granular,  which  may  be  washed  out  without  decomposition. 
This  precipitate,  which  is  a  double  salt  of  muriate  of  cheli- 
donin with  chloride  of  platinum,  was  used  for  determining 
the  atomic  weight  of  chelidonin.  This  double  salt  was  not 
decomposed  by  boiling  with  nitric  acid. 

First.  0-448  c£  chelidonin  dried  in  the  air  lost  at  the  tem- 
perature of  100*  centigrade,  0*023  of  water  =5*13  per  cent. 

Second.  At  130%  when  the  chelidonin  was  melted,  0*172 
lost  0*008  of  water  =  4*65  per  cent. ;  the  mean  of  both  ex* 
periments  is  4*89  per  cent. 

1.  Chelidonin  weighing  0-425  dried  at  100%  gave  1*062  of 
carbonic  acid,  and  0*215  of  water. 

2.  0*2585  gave  0-643  of  carbonic  acid,  and  0*1315  of  water. 

3.  0*321  gave  0*793  of  carbonic  acid,  and  0*162  of 
water. 

In  a  direct  nitrogen  determination  0*2995  yielded  SO  cubic 
centimeters  of  nitrogen  gas  at  11^  cent.,  and  height  of  the 
barometer  27"  10"',  which  after  reduction  to  standard  tempe- 
rature and  pressure  gave  2*88  cub.  cent.  =  12*19  per  cent. 
Hence  the  following  per  cent  composition  is  calculated  : 

1.  2. 

Carbon    69*07  68*76  68*30 

Hydrogen  ...       5*62  5*65  5*60 

Nitrogen 12*19 

Oxygen 13-12 

100*00 

1.  0*807  of  chelidonin  chloride  of  platinum  dried  at  lOO'' 
lefl  when  burnt  0*0535  of  metallic  platinum  =17*42  per  cent. 

2.  0*3125  gave  0*055  of  metallic  platinum  =  17*60  per 
cent 

From  these  two  determinations  the  numbers  7076*8  and 
7008*5,  come  out  as  the  atomic  weight  of  the  double  salt, 
and  therefore  for  the  chelidonin  4502*89  and  4434*9,  which 
determination,  particularly  the  last,  agrees  as  well  with  the 
following  formula  as  can  be  expected  from  such  weighing, 
where  a  difference  of  half  a  mill^ramme  increases  or  di- 
minishes the  atomic  weight  70  or  80  parts. 

PAH.  Mag.  &  3.  Vol.  18.  No.  114.  Jan.  1841.        D 
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The  foreffoing  determination  of  the  water  of  crystallizadoo 
gives  exactly  2  atoms  of  water  to  1  atom  of  chelidonin. 

The  theoretical  composition  of  the  chelidonin,  in  the  calcu- 
lation of  which  the  hydrogen  was  taken  as  agreeing  very  near, 
perhaps  too  near  wim  what  was  found  by  experiment,  is  the 
following: 

In  100  parts. 

40  at  Carbon    .,. 8057-40  68*90 

40  at  Hydrogen    249*59  5*62 

6  at  Nitr(^en 58M2  11*97 

6  at  Oxygen    600*00  1S*51 

1  atom  of  anhydrous  chelidonin  =  4488*11  100*00 

2  atoms  of  water 224*96  4*82 

}  atom  of  crystallized  chelidonin  =466807. 

The  chelidonin-chloride  of  platinum  consists  of  1  equira* 
lent  of  muriate  of  chelidonin. 

Calculated.  Found. 

].  SL 

4893-24        69-78        70-08        69^0 


phitinum    \f.}   2^^«-«^        3^-22        29*92        30-21 


1  of  chloride  of 

7012-04  10000      100-00      100-00 
or 

In  100  partf.         Obtained. 

1     do.     platinum         1233*50  17*59        17-42        17*60 

3    do.     chlorine         1827*95  18-94 

1     do.     hydrogen            12*48  0*18 


7012*04       10-000 

The  composition  of  the  chelidonin  stands  in  remarkably 
close  relation  t04that  of  narcotin,  if  we  retain  for  the  latter  as 
the  truer  the  older  formula  given  by  Liebig : 

Chelidonin  is C4oH4oNgO0 

Narcotin     ••     C40  H^  N,  O,, 

It  is  evident  that  in  chelidonin  with  an  equal  number  of 
atoms  of  carbon  and  hydrogen,  the  oxygen  of  the  narcotin 
is  wholly  or  in  part  replaced  by  nitrogen.  Experiments  to 
change  one  into  the  other  remained  without  result  If  we 
dissolve  narcotin  in  a  solution  of  ammonia  in  alcohol,  and 
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keep  the  mixture  some  time  near  boiling,  it  crystallizes  again, 
on  cooling,  with  its  properties  unchanged.  If  chelidonm  is 
melted  with  caustic  potash  and  a  little  water  so  that  it  is  not 
perfectly  decomposed,  it  may  be  obtained  unchanged  when 
neutralized  with  an  acid  and  precipitated  by  ammonia. 
The  small  quantity  of  the  bases  did  not  permit  me  to  make 
further  experiments. 

For  comparison  I  place  here  the  per  cent,  composition  of 
narcotin  and  chelidonin  near  one  another. 

Carbon    68-90  6527 

Hydrogen  ...       5'62  6'S2 

Nitrogen I1'97  S*78 

Oxygen 18*51  25*63 

The  plants  which  yield  these  two  bases  belong  to  the  same 
family,  the  Papaveraceee. 

Jeivin. — This  vegetable  base,  the  general  properties  of 
which  and  mode  of  preparation  have  already  been  de&cribed 
in  vol.  xxiv.  p.  214  of  the  Annalen  der  Pharmacies  is  obtained 
along  with  veratrin  and  sabadillen  from  the  root  of  Veratrum 
album. 

The  analysed  jervin  was  white  and  crystalline ;  when  heated 
on  a  slip  of  platinum  it  melted  to  an  oily  fluid,  almost  as  clear 
as  water,  which  at  a  greater  heat  became  brown,  took  fire,  and 
was  consumed  with  a  smoky  flame,  but  without  lea^inff  any 
residue.  When  melted  with  caustic  potash  ammonia  is  de- 
veloped. It  is  almost  insoluble  in  water,  but  dissolves  in 
spirits  of  wine ;  with  acetic  acid  it  forms  a  salt  soluble 
in  water.  The  sulphate  muriate  and  nitrate  of  jeryin  are 
scarcely  soluble  in  water,  and  in  mineral  acids.  The  acetic 
solution  of  jervin  is  precipitated  in  copious  flakes  by  the  last- 
named  acids  and  by  ammonia,  which  redissolve  only  with  dif- 
ficulty, even  in  a  great  excess  oFthe  precipitant.  Jervin  bears 
in  an  oil-bath  a  temperature  of  1 90^  centigrade,  without  be- 
ing decomposed,  but  above  200^  it  becomes  brown  and  is 
decomposed.  With  chloride  of  platinum,  jervin,  like  all  or- 
ganic oases,  forms  a  double  salt,  which  is  best  obtained  by 
precipitating  the  acetic  solution  of  jervin  with  an  acid  solu- 
tion of  chloride  of  platinum,  or  by  replacing  the  alcohol  solu- 
tion of  the  acetate  of  jervin  by  chloride  of  platinum,  and  then 
evaporating  it  and  washing  the  salt  with  water;  the  double 
salt  precipitated  from  the  acetate  of  jervin  forms  a  beautifully 
brignt  yellow  substance,  easily  washed  without  being  decom- 
posed, which  was  employed  in  the  analysis  given  below. 

1.  0*218  of  jervin  dried  in  the  air  lost  at  a  temperature  of 
100%  0-015  of  water  =  6"88  per  cent. 

2.  0-4575  heated  to  130°  lost  0*0315  of  water  =  6'88  per 
cent« 
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1.  0-S70  jervin  dried  at  100®  gave  03 19  water,  and  1-0165 
carbonic  acid. 

2.  0*203  gave  0'178  water  and  0*555  carbonic  acid  ;  0*398 
at  IT'^'S  centigrade,  and  27"  6"'  of  barometer  gave  17'4 
cubic  centimeters  of  nitrosen  cas  =  16*11  centigrade,  and 
at  0^  centigrade^  and  28  Rhenish  inches  of  barometer. 

This  gives  for  the  composition  of  jervin  in  100  parts, 

I. 

Carbon    75*96  75-60 

Hydrogen  ...       9*57  9*74 

Nitrogen 5*38  5-38 

Oxygen  9*09  9-28 

10000  100*00 

To  find  the  atomic  weight  the  platinum  in  the  double  salt 
was  determined  by  burning.  It  melted,  became  black,  and 
burned  away  with  flame. 

I.  0-1237  gave  0*018  of  metallic  platinum  =:  14*55  per 
cent.  As  the  atomic  weight  we  deduce  for  the  double  salt 
the  number  8476*88;  for  the  muriate  of  jervin  6858*03,  aud 
for  the  anhydrous  base  5902-90. 

II.  0-094  of  the  double  salts  gave  0*0135  of  metallic  pla- 
tinum =s  14-33  per  cent.  Hence  the  atomic  weight  of  the 
double  salts  8588*81 ;  of  the  muriate  of  jervin  s=  6470*01, 
and  of  the  jervin  s  6014-88. 

If  we  calculate  after  these  data  the  formula  of  the  jervin,  we 
get  the  following  theoretical  composition : — 

In  100  parts. 

60    at    Carbon 4586*10  76*41 

90    —    Hydrogen   ....      561*57  9*36 

4  —   Nitrogen 354*08  5*89 

5  _    Oxygen      500*00  8*35 

1  at  Anhydrous  jervin     =  6001*75  100*00 

4    —    W^ater =    449*92  6*97 


1    at     Crystallized  jervin  =:  6451*67. 
For  the  platinum  double  salt  we  get  the  following  com- 
position ; — 

Calculated.  Obtained. 

1.  2. 

1  equ.  muriate  of  jervin     6456-88       75*29      75-34       75-01 
1    —  chloride  of  plaO    2jj3.3^       ^^.^^       24-66       24-99 
tmum  •  •  •  •  J 

1  equ.  muriate  of"|      ■ 

platinum  and  [*  a     8575*68     100-00     100  00     lOO-OO 
jervin  •  .  .  .  J 
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or  also 

Calculated.  Found. 

1.  «. 

1   eqiLJervin    •  .     6001*75         69-98         

S    —  chlorine        1327-95         1549         

1     —    platinum       1233-50         14-39        1455  1433 

1    —    hydrogen          12-48          014        — 

1  equ.  ot  the 


oTbuLT}  «'"•«'  ■«>«• 


Among  all  ihe  organic  bases  hitherto  analysed,  there  is  none 
to  which  the  jervin  stands  related  as  to  its  composition. 


IX.    On  some  new  and  curious  numerical  Relations  of  the 

Solar  System.  By  S.  M.  Drach,  EsqJ^ 
¥N  every  system  of  bodies  circulating  round  a  comparatively 
'*  much  greater  one  possessing  a  rotary  motion,  the  stability 
of  the  orbital  revolutions  cannot  be  insured  unless  the  se- 
condiiries  be  placed  at  distances  from  the  primary  greater 
than  the  limit  of  equilibrium  between  the  gravitating  and 
centrifugal  forces  of  the  latter;  otherwise  the  secondaries 
would  ultimately  inevitably  fall  on  the  primary,  causing  great 
devastation  to  both.  This  limiting  distance,  so  important  an 
element  in  the  solar  and  planetary  systems,  seems  hitherto  to 
have  been  overlooked,  although  the  distances  of  the  planets 
from  the  sun,  and  of  the  satellites  from  their  primary,  are 
connected  with  it  in  a  remarkable  manner,  as  the  following 
investigation  will  show. 

Denoting  by  m,  r,  p,  7,  the  relative  mass,  equatorial  radius, 
period  of  rotation,  and  surface  gravity  of  a  planet  with  re- 

spect  to  the  earth ;  and  putting  Q  = K — 51__f  at  the 

surface  of  our  planet,  and  q  =  the  similar  quantity  at  the  sur* 
face  of  another,  we  have 

q  =  -^.Q.    ........     (1.) 

-*         mp^  ^    ^ 

Supposing  the  planets  spherical  and   homogeneous,  and 
putting  8  =  relative  density,  (1.)  becomes 

«^=?7-Q  («•) 

The  maximum  possible  equatorial  radius  of  the  limiting 
snrface  =  \/— ,  and  the  corresponding  polar  one  was  found 
«  Communicated  by  the  Author. 
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by  Laplace  =  —  of  the  former;  the  planetary  ellipticities  are 

confined  between  ~  and  -7-  ?  +  iT  ?^>  ^^*     According  to 

M.  Poisson  {Mec.  i.  p.  367.)>  Q  =»  288-908' 

With  data  furnished  by  the  Ladies'  Diary  for.  1837,  the 
following  table  was  constructed : 


St. 

r'- 

«-i- 

Bq.  rod.  in 
milet. 

Rel.Pol. 
Rad. 

Limits  EU^ 

0 

48205-39 

36-3942 

16153281 

24-2628 

1 

? 

758-935 

9-121 

13609 

6-081 

TOF  ^T^rs 

? 

282-604 

6-562 

25006 

4-375 

nh&jhr 

6 

289-908 

6-619 

26225 

4-413 

i^&rk 

<? 

201-684 

5-864 

12380 

3-909 

Tir&^^T 

tl 

12-476 

2-319 

100027 

1-546 

A&  jV 

^ 

5-497 

1-765 

72319 

M77 

^&  tV 

^ 

63-22;>« 

3-98pl 

2*e5pi 

This  table  suggests  the  following  remarks  : 

1  •  The  first  four  planets  rotating  nearly  in  equal  times,  q 

is  for  them  nearly  as  the  density  inversely,  and  \/  —  oc  S^. 

2.  With  the  single  exception  of  Venus,  the  value  of  the 
relative  radius  appears  to  decrease  as  we  recede  from  the  sun 
according  to  some  function  of  the  distance. 

3.  The  oft-named  limiting  distance  of  a  planet  (16  millions 
of  miles) :  distance  of  the  first  planet  Mercury  (37  millions) 
: :  1 :  2  .  27 : :  1 :  2 J : :  3 :  4  +  3  nearly,  which  is  probably  the 
true  reason  of  3  and  4  being  theJimdamefUal  numbers  of 
Bode's  law,  viz. 

4     ,     4  +  2'.  3    from  i  =  0  to  1  =  6. 

4.  These  researches  have  evolved  to  me  a  simpler  and  more 
universal  law,  embracing  the  comets,  and  secondary  systems 
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of  cmr  planetary  world.    The  four  periodic  comets  have  for 
their  semi-axes  major  (Bowdich,  Mic.  CiU^  vol.  iii.). 
Encke's  2*224346  Olbers's    17*7 

Biela's    S-5S68S  Halley's  17*9870$. 

Putting  the  distance  of  Jupiter  from  the  sun  s=  121|  I  find 
Limit      3-946    =  2*    Juno      62-09  "I 
Men       9-005     =  3«     Cer,       G4-38  )^   =    8» 
Venus    16-33      =  4«     Pal.        64-6 1 J 
Earth    23*26      =:  5*    Bie.C.    82-28       =    9' 
Mars    35*45      =  6^    Jup.      121-00       =  11^ 


^1- 
Vesta    54-94 J  *"  '      Ol.C.  411-8 

Hers.    446-2  a  21* 


En.  C.  51-741   _  ,,«    Sat.     221-9         =  15* 
Hal.C.418-8     1  =  2^' 


The  greatest  deviation  from  the  exact  square  s=  -y.  Hence 

the  periodic  times  are  nearly  as  the  cubes  of  the  natural  num- 
bers ;  and  the  squares  of  the  times,  as  also  the  cubes  of  the 
distances,  are  expressible  by  the  sixth  powers  of  the  series  1» 
2,  S,  4,  &c.  very  nearly. 

For  Jupiter's  system  (Baily,  Ast  Tab.), 


Limit       2*319 

za   250  « 

9r5« 

IstSat.    6049 

65-2 

8« 

2nd          9-62S 

lOS-6 

10» 

Srd         15'350 

165*4 

13« 

4th         26-998 

291-0 

17». 

S8**42 
ie"*20 

=  2*3716  diam.  Sat 

Limit      1*765 

=:  26*5 

or  5« 

Ring       2*372 
Ist  Sat.    S*S51 

S5*4 

6« 

50*0 

7« 

2ad         4*300 

67*2 

8« 

Srd          5*284 

78-9 

9* 

4th          6*819 

101*7 

10» 

5th          9*524 

142*2 

12« 

6th         22*081 

S29*6 

18« 

7th         04*369 

960*5 

Sl« 

For  the  Herschelian  svstem 
Limit  (unknown 

(Baily). 

0* 

1st  Sat  13*120 

s=  96-0  or  10« 

2nd         17*022 

124*3 

11« 

Srd          19*845 

145*2 

12« 

4th          22*752 

166*5 

13« 

5th         45*507 

833*0 

18« 

6th         91*008 

665*9 

26«. 
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The  period  of  this  planet's  rotation  being  probably  between 

a     1 
6^  and  12^,  v  —  is  between  1*5  and  2*6^  and  the  correspond- 

ing  square  is  4^ 

5.  As  every  body  within  the  limit  must  fall  on  the  planet, 
we  may  suppose  the  planetary  sphere  to  extend  to  the  limit, 
and  by  Kepler's  law,  the  rotation  of  a  body  at  the  limit  of  the 

Sun       =  25<>-78  Saturn's  limit     8»»-6472 

Earth    =     1^-0086  Do.     ring     1 3*^-4588 

Jupiter  =  10'»0824  Mean  of  do.       11^052 

All  of  which  are  nearly  coincident  with  the  actual  times  of 
rotation,  and  from  these  last  tlie  true  value  of  q  and  r  may 
be  found  for  every  rooon^attended  pluiet. 

6.  The  greater  the  number  of  satellites,  the  more  is  the 
danger  that  from  some  internal  explosion  or  external  shodc  a 
moon  might  be  precipitated  upon  the  surface  of  its  primary ; 
hence  the  number  of  satellites  must  have  influenced  the  rela- 
tive or  actual  limit  The  relative  distance  from  the  limit  to 
the  surface  of  the  star,  is  for  the 

Sun     =35*3942  Jupiter  =1'S19 

Earths  5-619  Saturn    =0-765. 

And  our  phuet  havmg  one  moon^  Jupiter  4,  and  Saturn  7f 

1-319x4  =  5-276,  4- (0-765)  =  1-338,0-765x7  =  5-355, 
4 

the  results  being  nearly  =  the  terrestrial  and  joval  distances. 
If  this  be  correct,  the  sun  must  have  35*894 -f-  5-619  =:  6  to 
7  satellites  (primary  planets)  capable'of  causing  any  serious  da- 
mage, which  is  the  exact  number  of  the  large  or  older  planets. 

7.  If  t  denote  the  time,  z  the  height  above  a  planet's  sur- 
face (radius  =  1),  the  equations  of  motion  give 

T?  =  - lyhf  "*■  ^?<^-^*^  =  o«t"™t- 

Whence -^=-j^+^y(n^-l)=g(Sji-y).     (8.) 

At  the  limit  where  J  (1  +5^)®  =  1 ;  ^  being  the  gravity  in  parts 
of  the  radius,  eq.  (3.)  expresses  the  velocitv  to  send  a  body 
up  from  the  surface  of  the  planet,  or  the  velocity  with  which 
a  body  let  fall  from  the  limit  will  impinge  on  the  surface; 
this  is  per  second  for  the  Sun  1,316,500  feet.  Mercury  38,000 
feet,  Venus  16960,  Earth  17397,  Mars  7858,  Jupiter  144,080, 
and  Saturn  103,800  feet. 

8.  The  axis  of  the  planet  Venus  beuig  inclined  at  the  sin- 
gularly low  angle  of  15^  to  its  orbit^  its  torrid  zone  extends 
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to  75°  latitude  from  its  equator^  and  its  frigid  zone  from  the 
pole  to  15°  latitude,  so  that  Venus's  arctic  circles  are  nearer 
the  equator  than  its  tropic,  and  it  must,  therefore,  have  very 
hot  summers  and  very  cold  winters,  mitigated,  however,  by 
the  sun's  rapid  change  of  declination,  and  by  its  year  being 
only  two-thirds  of  ours.  Mercury's  torrid  zone  extends  only 
to  7°  latitude,  its  frigid  zone  commences  at  83^  latitude,  so 
that  76°  of  latitude  are  in  the  temperate  zone,  which  must 
diminish  the  burning  heat  at  that  planet  very  considerably*. 
The  tropics  of  the  other  planets  being  at  less  than  S0°  lati- 
tude, cause  no  great  difference  between  them  and  the  earth 
in  this  respect, 

9.  The  sun  is  the  principal  cause  of  the  difference  of  mean 
annual  temperature  between  our  pole  and  equator ;  therefore 
as  diis  action  diminishes  with  the  planet's  distance  from  the 
sun,  the  further  the  planet,  the  more  equable  is  its  surface- 
temperature,  the  less  is  the  elasticity  of^  its  atmosphere  dis- 
turbed, and  consequently  the  calmer  is  the  atmosphere,  so 
that  the  diminished  heat  and  light  is  compensated  by  the 
greater  purity  and  stillness  of  the  atmosphere,  allowing  those 
agencies  to  be  more  effective. 

London,  Aug,  10, 1840.  S.  M.  Drach. 

P.S.  The  sun's  relative  limit  less  unitv  =  35*394*2,  which 
divided  by  7  (the  number  of  planets  capable  of  causing  serious 
injury)  gives  5*0563.  Dividing  this  last  number  bv  1,  4, 
and  7,  we  nearly  get  the  limits  (less  1)  of  the  Earth,  Jupiter, 
and  Saturn.     Applying  this  principle  to  Uranus,  we  have 


and 

O. 

6: 

I  :: 

5-056  : 

0-84.3 

©, 

6: 

1  :: 

5-619  : 

0-936 

V, 

6: 

;4:  : 

;  1-319  : 

0-879 

^  , 

6: 

7:: 

0-765  : 

0-892 

whereof  the  mean  —  0'887.  Hence  1'887  is  nearly  the 
relative  limit  of  IS  =  S'984  pf  ^  =  0'S2597  sidereal  day 
=  8  hours  nearly,  so  that  IJjL  rotates  on  his  axis  in  7^  to  8 

hours.  Also  y  =  — ;  his  ellipticity  is  therefore  between  — • 

and  7~      But  the  Earth's  and  Jupiter's  actual  oblateness  is 
IS- 

nearly  a  mean  between  the  limits ;  therefore  from  analogy  the 

oblateness  of  ^  =  J-  nearly. 

Sept.  4, 1840.  S.  M.  D. 

*  This  diminution  would  be  materially  assisted  by  an  ocean,  whose 
great  evaporation  would  reduce  and  nearly  equalize  the  temperature. 
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X .     On  the  surprising  intensity  qf  current  qf  the  Zinc^Iron- 
circuity  its  causes,  and  some  allied  sidyects.     &f  Prof,  J.  C. 

POGGENDORFF  *. 

'T'HE  author  read  before  the  Berlin  Academy  f  of  the  recent 
-■•  discovery  of  Mr.  Marty n  J.  Roberts,  J  that  iron,  combined 
with  zinc  and  dilute  sulphuric  acid,  produces  a  considerably 
more  energetic  current  than,  under  like  circumstances,  the  far 
more  negative  copper.  He  in  the  first  place  communicated 
some  observations  in  confirmation  and  extension  of  this  fact, 
both  interesting  in  a  scientific  point  of  view  and  important  for 
the  praxis.  He  showed  that  the  superiority  of  the  current  of 
the  zinc^iron  circuit  does  not  merely  occur  on  employing  di- 
lute sulphuric  acid,  but  also  with  dilute  nitric  acid,  solutions 
of  caustic  potash  and  common  salt,  and  similar  fluids;  and 
indeed  not  solely  in  reference  to  the  zinc- copper  circuit  (even 
one  with  double  copper  surface),  but  likewise  in  reference  to 
circuits  of  zinc  and  silver j  or  zinc  and  platina.  It  was,  in  fact, 
necessary  to  give  to  the  zinc-platina  circuit  plates  three  times 
as  large  as  those  of  the  zinc-iron  circuit,  if  its  current  was  to 
be  of  like  intensity  with  that  of  the  latter.  On  the  other  band, 
it  was  found  that  a  Daniell  circuit,  in  which,  as  is  well  known, 
the  copper  is  placed  in  a  solution  of  the  sulphate  of  copper, 
and  the  zinc  separated  by  membrane,  developes,in  acid,  the  size 
and  distance  of  the  plates  being  the  same,  a  greater  intensity 
of  current  than  the  zmc-iron  circuit;  while,  on  the  other  banc^ 
that  a  combination  constructed  after  Daniell's  circuit,  namely, 
a  circuit  in  which  the  iron  is  placed  in  a  solution  of  the  sul* 
phate  of  the  protoxide  of  iron,  produces  a  current  of  very  in- 
considerable energy. 

The  author  then  passes  on  to  the  explanation  of  these  phae- 
nomena,  respecting  which  Mr.  Roberts  has  offered  no  opinion, 
and  which,  indeed,  according  to  the  views  at  present  enter- 
tained in  England  on  galvanism,  could  hardly  be  given  in  a 
satisfactory  manner. 

And  yet  the  explanation  has  not  far  to  be  sought  for.  We 
have  long  known,  says  the  author,  that  the  intensity  of  a  cur- 
rent of  a  voltaic  circuit  depends  on  two  things, — the  electromo- 
tive force  and  the  resistance.  We  know,  moreover,  that  it  is 
the  quotient  from  the  division  of  the  former  by  the  latter. 

*  Translated  and  communicated  by  Mr.  William  Francis,  from  Poggen- 
dorfTs  Annaien,  vol.  I.  p.  255. 

f  This  notice  is  taken  from  the  Reports  of  the  Roval  Berlin  Academy, 
and  must  be  considered  merely  as  a  preliminary  notice  with  reference  to 
the  main  subject;  a  more  accurate  numerical  determination  of  the  ele- 
ments treated  of  will  follow  in  a  short  time. 

X  Announced  by  Mr.  Roberts  in  L.  and  E.  Phil.  Mag.»  vol.  xvi.,  p.  14S. 
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Now  the  electromotive  force  between  zinc  and  iron  is,  it  is 
true,  smaller  than  that  between  zinc  and  copper,  silver  or  pla- 
tina,  which  is  evident  from  this,  that  when  it  is  combined  in  the 
opposite  sense  with  one  of  the  last-mentioned  circuits  into  a 
system,  it  is  immediately  overpowered  by  it;  but  that  resist* 
ance  in  two  circuits  which  are  alike  in  all  except  in  the  nature 
of  the  plates,  constitutes  the  sole  or  essentially  different  ele- 
ment; viz.  the  resistance  of  transition  is,  as  Fechner  has  showny 
in  general  likewise  small  in  metals  which  are  attacked  by  the 
liquid  of  the  circuit.  If  now,  as  might  hence  be  supposecf,  this 
resistance  is  smaller  in  iron  with  acids  and  solutions  of  salts 
than  in  copper,  and  indeed  in  still  greater  proportion  smaller 
than  the  electromotive  force  between  zinc  and  iron,  in  com- 
parison to  that  of  zinc  and  copper,  it  is  evident  that,  all  other 
circumstances  being  equal,  the  current  of  the  zinc-iron  circuit 
must  be  stronger  than  that  of  the  zinc-copper  circuit* 

If,  however,  the  iron  circuit  owes  its  greater  intensity  of 
current  to  the  smallness  of  its  resistance  of  transition,  then  its 
current  must  possess  a  slighter  tension  than  that  of  the  cop- 
per circuit,  or  in  other  words,  it  must  be  weakened  by  the  in« 
sertion  of  a  foreign  resistance  of  some  consideration  in  a  greater 
proportion  than  that  of  the  latter  circuit.  The  testing  of  this 
circumstance  must  decide  as  to  the  correctness  of  this  expla- 
nation. 

The  author  has  undertaken  such  an  examination,  it  is  true, 
in  want  of  an  apparatus  of  measurement,  only  with  the  help 
of  a  common  galvanometer,  which  for  quantitative  determina- 
tions is  an  ill-suited  instrument,  but  will  however  afford  for  the 
present  case  a  sufficient  approximation.  The  presupposition 
was  made  that  the  intensity  of  the  current  must  be  propor- 
tional to  the  tangent  of  the  deviation.  This  presupposition  is 
evidently  false:  the  force  increases  in  a  greater  proportion 
than  the  tangent  of  the  angle  of  deviation,  since  the  needle  on 
rotation  goes  further  from  the  convolutions  of  the  wire.  But 
exactly  because  the  force  increases  in  greater  proportion  than 
the  tangent  of  the  angle  of  deflection, — the  stronger  forces, 
therefore,  were  estimated  in  a  greater  proportion  too  small 
than  the  weaker,— the  conclusions  drawn  from  the  measure- 
ments under  that  presupposition  must  deserve  the  more  con* 
fidence. 

The  plates  employed  were  all  of  equal  size,  1  inch  broad,  dip- 
ped 2*5  inches  into  dilute  sulphuric  acid,  and  stood  5  lines  from 
each  other.  The  current  of  the  two  circuits,  that  of  zinc-iron 
and  that  of  zinc-copper,  were  successively  measured  in  the 
above-mentioned  manner  under  two  circumstances;  once  when 
the  circuit  was  merely  closed  by  the  1 1-foot  long  and  ^-line 
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thick  multiplier  wire ;  and  then,  when  to  this  a  wire  of  Ger- 
man silTer,  aboQt  50  feet  in  length  and  of  the  same  thickness, 
the  resistance  of  which  is  nearly  equal  to  that  of  a  50-feet  long 
copper  wire  of  the  same  thickness,  was  added.  To  render  the 
galvanometer  suited  for  the  measurement  of  forces  of  some  in- 
tensity, a  similarly  directed  position  was  given  to  its  needles. 

In  three  experiments  made  at  different  times,  the  intensity 
of  the  current  corresponding  to  the  smaller  resistance,  which 
may  be  expressed  for  each  by  100,  sunk,  by  the  insertion  of 
the  greater  resistance,  in  the  following  proportion : 
Coppei>circuit.  IroD-circuit. 

100    :     17-6  100     :     12*3 

100     :     19*6  100    :     14-4 

100     :     17'2  100     :     13-6 

The  greater  weakening  current  of  the  iron  circuit  is  here  so 
evidently  expressed,  that  no  doubt  can  remain  as  to  its  real- 
ity, especially  if  we  consider  that  it  is  the  intensity  of  the  cur- 
rent of  this  circuit  which,  as  the  greater,  in  both  cases,  and 
especially  in  the  smaller  resistance,  has  been  estimated  too  low 
more  than  that  of  the  copper  circuit  It  may,  therefore,  be 
regarded  as  good  as  proved  by  these  measurements,  although 
they  are  but  approximations,  that  the  ascendency  of  the  in- 
tensity of  the  current  of  the  iron-circuit  is  founded  on  the 
smallness  of  its  resistance  of  transition. 

In  the  just'-mentioned  measurements,  the  current  of  the 
iron  circuit  was  more  weakened  than  that  of  the  copper  cir- 
cuit by  the  intei*position  of  the  50*ieet  long  German  silver 
wire.  It  remained,  nevertheless,  always  considerably  stronger 
than  the  latter,  as  will  be  evident  from  the  following  compa- 
rison of  the  intensities  of  the  current  of  both  circuits : 

Iron    :    Copper  Iron    :    Copper 

with  smaller  resistance.  with  greater  resistance. 

267     :     100  187     :     100 

237     :     100  175     :     100 

225     :     100  178     :     100 

But  it  is  evident  that  we  can,  by  continued  increase  of  the 
inserted  resistance, — presupposing  naturally  that  it  be  both  as 
to  size,  immersion,  and  distance  of  the  plates,  equal  for  both 
circuits, — at  last  arrive  so  far  as  to  make  the  current  of  the 
iron  circuit  not  only  as  weak,  but  even  weaker  than  that  of  the 
copper  circuit 

The  author  has  attempted  to  test  the  theory  even  on  this 
interesting  point,  but  he  did  not  succeed,  with  the  means  at 
his  disposal,  with  equal  and  indeed  with  the  stated  size  of  the 
plates,  even  in  attaining  an  equality  between  the  intensity 
of  current  of  both  circuits.    The  currents,  it  is  true,  can  be 
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weakened  very  easily^  and  in  any  degree,  by  the  interposition 
of  a  long  column  of  liquid,  but  they  then  become  unmeasura- 
Ue  if  the  multiplying  (multiplicatorischeo)  means  be  not  in- 
creased in  the  same  proportion.  A  multiplier,  with  16  to 
20,000-ieet  long  copper  wire,  such  as  employed  by  Fechner^ 
is  an  essential  requisite  for  such  inquiries. 

On  the  other  hand,  it  will  be  perceived  that  the  asc^dency 
of  the  current  of  the  iron*circnit  will  sink  in  that  measure  more» 
when  wcj  under  otherwise  like  circumstances,  take  the  plates 
of  both  circuits  larger,  but  still  remaining  equal;  but  evidently 
a  considerable  size  of  the  plates  will  be  requisite  to  render  the 
current  of  the  copper  circuit  more  powerful,  or  even  as  pow- 
erful as  that  of  the  iron  circuit. 

And  therefore  it  is  that  the  discovery  of  Mr.  Roberts  is  of 
importance  in  the  practical  application*  With  moderate  size 
of  plates  and  moderate  resistance,  which  may  already  at  pre- 
sent be  foreseen,  we  may  in  all  tlie  usual  circuits  and  piles 
substitute  iron  with  considerable  advantage  for  copper,  t)oth 
with  respect  to  oeconomy  as  well  as  to  action;  ana  the  more 
so  in  piles  or  many-membered  circuits,  as  the  ascendency 
of  the  zinc^iron  combination  over  that  of  zinc*copper  must 
increase  with  the  number  of  plates. 

The  author,  intending  subsequently  to  communicate  more 
accurate  measurements  on  this  as  well  as  on  allied  subjects, 
is  induced,  however,  to  observe,  that  the  iron  circuit,  al- 
though not  affording  a  constant  current,  still  possesses^  in  so 
far,  a  not  inconsiderable  advantage  over  the  copper  circuit, 
as  the  intensity  of  the  current  decreases  with  it  slower  than 
with  the  latter. 

Lastly,  the  iron-circuit  is  therefore  of  much  interest,  for 
the  theory,  in  as  far  as  it  perhaps  exhibits  more  distinctly  and 
decidedly  than  any  other  known  pheenomenon  the  presence 
and  influence  of  the  resistance  to  transition  still  doubted  by  so 
many  *•    There  is  a  whole  series  of  similar  phenomena,  espe- 

*  Even  the  author  was  formerly  inclined  to  suspect  in  the  resistance  to 
transition,  at  least  partially,  an  effect  of  the  discharge,  which,  indeed,  ac- 
toally  occurs  in  many  observations  not  entirely  foreign  to  the  above.  But 
experiments  made  by  him  on  the  passage  of  tne  currents  of  Saxton's  ma* 
chine  through  fluids,  in  which  a  discharge  in  a  perceptible  degree  cannot 
have  place,  convinced  him  subsequently,  most  aecidedly,  of  the  existence 
of  such  a  resistance.  The  first  interposition  of  a  thin  layer  of  fluid  in  the 
circuit  produced  a  resistance  at  least  four  to  ^yt  times  as  great  as  the  dou- 
bling of  this  layer,  as  could  be  observed  by  means  of  an  air»thennometer, 
and  a  peculiar,  well-adapted  arrangement  for  the  accurate  measurement  of 
resistances.  That,  moreover,  the  resistance  of  transition  with  iron,  even 
in  a  solution  of  caustic  potash,  a  liquid  which  does  not  dissolve  this  metal, 
is  smaller  than  with  copper,  evidently  proves  that  this  resistance  is  not 
always  in  inverse  ratio  to  the  chemical  attack,  which,  indeed,  has  long 
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cially  in  the  contrary  sense,  i.  e.  cases  where  weakness  of  cnir- 
rent  is  connected  with  considerable  magnitude  of  the  electro- 
motive force ;  but  one  which  points  to  the  cause  so  clearly  as 
the  iron  circuit,  might  perhaps  not  easily  be  found  a  second 
time. 

Hitherto  the  author  has  only  succeeded  in  discovering  one 
pair,  and  that  moreover  less  prominent,  analogous  to  the  zinc- 
iron  circuit  This  is  a  circuit  of  amalgamated  zmc  and  common 
zinc.  This  produces  (the  size  and  distance  of  the  plates  being  as 
above,  charged  with  diluted  sulphuric  acid,  and  merely  closed 
by  a  multiplier-wire  1 1  feet  long)  a  more  poweriul  current,  than 
under  similar  circumstances,  one  of  amalgamated  zinc  and  cad- 
mium or  tin.  Since  cadmium  and  tin  are  more  n^^ative  than 
zinc,  consequently  the  electromotive  force  of  the  latter  circuits 
greater  than  that  of  the  former,  it  is  evident  that  the  greater 
intensity  of  current  of  this  can  likewise  solely  be  founded  on 
its  slighter  resistance  to  transition.  It  is  likewise  conceivable 
that,  from  the  smallness  of  the  electromotive  force  of  a  cir- 
cuit of  amalgamated  and  common  zinc,  there  can  be  but  few 
combinations  with  the  first  metal  as  positive  member  which 
are  inferior  to  it  in  intensity  of  current.  And  this  is  really 
the  case.  Already  a  circuit  of  amalgamated  zinc  and  brass 
or  copper  produces,  notwithstanding  its  greater  resistance  to 
transition,  a  more  powerful  current. 

Another  fact  belonging  here,  is  that  the  amalgamated  zinc, 
which,  from  its  being  considerably  more  positive  than  the  non« 
amalgamated,  is  usually  regarded  as  far  more  effective  than 
the  latter  (which  has  even  given  rise  to  special  explanations), 
does  in  fact  only  produce  a  current  of  less  great  intensitv 
than  the  non-amalgamated,  when  it,  as  this,  is  connected  with 
the  circuit  by  a  negative  metal,  a  dilute  acid  and  a  connecting 
wire  of  moderate  resistance.  The  current  from  amalgamated 
zinc  and  copper  is  in  so  slight  a  degree  stronger  than  that 
from  non-amalgamated  zinc  and  copper  (all  other  circum- 
stances in  both  circuits  being  alike),  that  a  momentary  re- 
moval of  the  plates  from  the  acid,  or  any  other  mode  of  open- 
ing the  latter  circuit,  suffices  to  give  to  this  in  intensity  of 
current  the  ascendency  over  the  former*.  This  equilibrium 
even  follows  of  itself  after  no  very  long  time.  The  advantage 
of  employing  amalgamated  zinc  in  the  construction  of  voltaic 

[)iles,  consists,  therefore,  almost  solely  in  no  metal  being  use- 
essly  expended :  little  is  gained  in  effect  by  it. 

since  been  known  from  its  decrease  in  platina,  by  moistening,  this  metal 
with  nitric  acid. 

*  Thisi  as  well  as  the  previously-mentioned  comparisons,  were  made  with 
the  so.called  dyfhreniUd^alvanometer, 
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The  author  remarks,  in  conclusion,  that  amalgamated  iron 
(which  is  obtained  without  di£Sculty  by  immersing  iron  in  a 
solution  of  the  chloride  of  mercury,  or  in  metallic  mercury  to 
which  a  dilute  acid  has  been  added),  combined  with  zinc  and 
acid,  produces  a  considerably  weaker  current  than,  under  simi* 
lar  circumstances,  the  non-amalgamated  iron :  it  is,  however, 
still  much  more  powerful  than  that  from  a  zinc*copper  cir- 
cuit. Amalgamated  iron  is  less  attacked  than  the  non-amal* 
gamated  by  dilute  sulphuric  ackl,  and  is  somewhat  more  nega^ 
tive.  The  latter  circumstance,  connected  with  the  silvery 
lustre  oi  the  amalgamated  iron,  shows  distinctly  the  insuffi« 
ciency  of  the  position  lately  advanced  by  Vorsselman  de 
Heer,  that  amalgamated  zinc  is  more  positive  than  the  non* 
amalgamated,  from  its  surpassing  this  in  lustre;  an  asser*- 
tion  which,  if  not  already  disproved  in  general  by  the  well* 
known  action  of  alloys,  of  which  just  as  many  stand  he- 
lom  and  abaoe  as  betvoeen  their  constituents  in  the  electro- 
motive scale,  would  be  contradicted  by  the  fact  that  non- 
amalgamated  zinc  still  always  remains  considerably  negative 
towards  the  amalgamated,  even  when  it  has  acquired  the 
greatest  possible  degree  of  lustre  by  filing.  An  inquiry  re- 
specting the  order  of  succession  of  various  easily  oxidizable 
metals,  in  the  amalgamated  and  non-amalgamated  state,  gave 
the  following  result,  enumerated  from  the  positive  to  the  nega^ 
tive :  anudgamated  ziw,  zinCf  cadmium^  amalgamated  cadmium^ 
amalgamated  lin^  amalgamated  lead^  leadf  tin^  irouy  amalgama^ 
ted  iron.  Of  these  five  metals,  therefore,  three,  viz.  zinc,  tin^ 
lead  (the  latter,  however,  but  very  slightly),  are  in  the  amal- 
gamated sX9Xemore  poHtive^  two,  on  the  contrary,  cadmium  and 
iron^  more  negative  in  this  state  than  in  the  non-amalgamated. 

XI.    Additional  Obsetvatiwis  on  the  Voltaic  Decomposition 

of  Alcohol.    By  Arthur  Connel,  Esq.,  F.R.S.Ed.,  Pro- 

fessor  of  Chemistry  in  the  United  College  of  St.  SalvatOf^s 

and  St.  Leonards,  St.  Andreafs.     Read  at  the  Meeting  of 

the  British  Association  in  Glasgow.* 

TN  the  course  of  the  experiments  by  which  I  endeavoured 
-'-  to  establish,  some  years  a^of,  that  under  powerful  voltaic 

3|rency,  the  water  entering  into  the  constitution  of  absolute 
cohol  is  resolved  into  its  elements,  the  hydrogen  being 
evolved  at  the  negative  pole,  and  the  oxygen  ^oing  to  the 
positive,  where  it  is  usually  employed  in  producmg  a  second- 

•  Communicated  by  Sir  David  Brewster. 

t  Transactions  of  the  Royal  Society  of  Edinburgh,  vol.  xlii.  and  Lond. 
&  Edinb.  Phil.  Mag.  1836.       .^ 
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ary  actioni  although  under  particular  arrangements  it  sepa- 
rates  and  becomes  visible  ;-*^I  showed  that  the  galvanic  agency 
W08  greatly  increased  by  dissolving  minute  quantities  of  potash 
in  the  alcohol,  so  small  a  quantity  €is  ttt'^tttt^^  P^^^  having  a 
decided  influence ;  this  effect  being,  as  I  conceived,  doe  to  an 
increased  conducting  power  of  the  liquid,  and  to  the  disponing 
affinity  of  the  potash  for  the  products  of  the  secondary  action 
of  the  oxygen*  Notwithstanding  the  very  insignificant  quantity 
of  the  diss(^ed  alkali  which  was  capable  of  producing  this 
result,  and  the  circumstance  that  the  voltaic  decomposition 
took  place  without  its  aid,  as  well  as  by  adding  saline  substan- 
ces which  do  not  contain  water,  and  that  the  quantity  of  by- 
drosen  collected  gi*eatlv  exceeded  that  contained  in  the  water 
of  tne  dissolved  potash,  it  was  objected  in  more  than  one 
quarter,  that  the  increase  of  effect  was  due  to  the  water  of  the 
hydrate  of  potash  employed.  It  afterwards  occurred  to  me 
that  every  cavil  might  be  obviated  by  employing  small  quan- 
tities of  potassium  instead  of  potash.  It  is  known  that  when 
potassium  is  dissolved  in  alcohol,  it  is  oxidated  with  evohition 
of  hvdrogen;  and  when  the  solution  is  carried  to  saturation, 
a  solid  compound  is  obtained  of  anhydrous  potash  and  aether. 
Hence,  if  a  minute  portion  of  potassium  is  disserved  in  ab- 
solute alcohol,  a  corresponding  quantity  of  anhydrous  potash 
will  remain  in  solution ;  and  thus  we  can  increase  the  proportion 
of  the  dissolved  body  as  we  think  proper  without  the  fear  of 
adding  water.  Accordingly,  it  was  found  that  minute  quan- 
tities of  potassium  had  precisely  the  same  effect  as  minute 
quantities  of  potash  in  promoting  the  voltaic  agency.  The 
quantities  of  elastic  fluid  collected  in  such  experiments  are 
necessarily  small,  because  a  considerable  electric  action  is 
required;  and  when  we  carry  the  power  beyond  a  certain 
point,  the  action  is  so  violent  that  the  liquid  is  thrown  into 
ebullition,  and  the  foils  are  soon  left  bare. 

About  a  drachm  of  alcohol  (spw  gr.  *?918,  at  66^  F.},  with  a 
quantity  of  potassium  dissolved,  equivalent  to  ^\-^  of  anhydrous 
potash,  yielded,  under  the  action  of  seventy-two  pairs  of  four- 
inch  plates,  O'B  cubic  inch  of  hydrogen  from  the  negative  pole 
in  i^  5°>;  and  when  the  dissolved  anhydrous  potash  was  y^^s 
0*99cubicinch  were  obtained  in  the  same  time.  In  these  experi- 
ments the  greatest  energy  of  the  battery  was  not  brought  into 
action,  as  is  done  by  placing  the  platinum  foils  parallel  to  one 
another.  Their  extremities  were  simply  approached  to  one 
another  in  the  alcohol.  After  an  hour's  action  the  evolution 
ofgas  slackened  considerably;  so  that  after  two  and  a  half  hours' 
action,  the  quantity  collected  was  about  1^  cubic  inch  from 
the  b^inning.     But  by  re-charging  the  battery,  and  adding 
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a  little  more  potassium  to  the  same  alcohol,  we  can  renew  the 
effect.  Thus  in  an  experiment  where,  with  a  quantity  of  po- 
tassium dissolved  equivalent  to  j^  of  anhydrous  potash^ 
1*15  cubic  inch  of  hydrogen  was  obtained,  and  the  discharge 
had  much  slackened,  as  much  more  potassium  was  added  to  tne 
same  alcohol,  and  the  charge  of  the  battery  was  renewed* 
The  flow  of  gas  then  became  as  rigorous  as  ever,  and  in  two 
hours  from  the  renewal  1*04  cubic  inch  of  additional  hydrogen 
was  obtained,  or  2*19  cubic  inches  from  the  commencement  of 
the  experiment;  and  afler  some  hours'  longer  action,  2^  cubic 
inches  In  ail  were  collected.  It  is  thus  evident  that,  by  sue* 
cessive  additions  of  small  quantities  of  potassium  and  renewals 
of  the  charge,  we  might  decompose  any  proportion  of  the  water^ 
entering  into  the  constitution  of  the  alcohol,  we  think  proper. 
In  all  these  experiments  similar  secondary  products  ot  oxida- 
tion were  formed  at  the  positive  pole  as  formerly  detailed. 

In  repeating,  on  a  larger  scale,  the  experiments  in  which  a 
comparison  was  instituted  between  the  quantity  of  hydrogen 
evolved  from  alcohol  and  that  evolved  by  the  same  current 
from  water,  I  found  that  several  circumstances  require  to  be 
attended  to.  The  platinum  foil  poles  ought  not  to  be  placed 
parallel  to  one  another  in  the  alcohol  containing  dissolved 
potash  or  potassium,  because  a  portion  of  the  hydrogen,  from 
being  produced  in  near  proximity  to  the  other  pole,  enters 
into  the  constitution  of  the  secondary  products  of  oxidation, 
and  the  quantity  evolved  is  thus  diminished.  And  even  when 
the  extremities  only  of  the  foils  are  approximated  to  one  an«- 
other,  and  the  n^ative  is  kept  uppermost,  there  still  is  a  cer* 
tain  diminution  of  the  hydrogen  libernted,  unless  where  other 
circumstances  of  powerful  action  are  employed.  Thus  where 
-q^  of  anhydrous  potash  was  in  solution,  and  seventy-two  pair 
of  four-inch  plates  were  employed,  the  quantity  of  hydrogen 
liberated  from  water,  acidulated  with  ^  of  sulphuric  acid  within 
the  first  hour,  was  usually  about  one-quarter  greater  than  that 
from  the  alcohol;  and  if  the  action  was  longer  continued,  the 
difference  continued  to  increase.  The  cause  of  this  I  conceive 
to  be  twofold ;  first,  that  a  part  of  the  hydrogen,  unless  when 
very  rapidly  liberated,  is  absorbed  by  the  liauid  and  enters 
into  the  constitution  of  the  substances  formed  at  the  positive 
pole;  and  second,  that  when  the  solution  diminishes  consider- 
ably in  conducting  power  the  electric  action  diminishes  also ; 
a  result  which  may  be  imitated  by  passing  the  same  current 
through  distilled  water,  and  water  acidulated  with  sulphuric 
acid,  when  the  hydrogen  liberated  from  the  pure  water  will 
be  found  to  be  notably  less  than  that  from  the  well-conduct- 
ing fluid. 

Phil.  Mag.  S.  3.  Vol.  18.  No.  lU.  Jan.  1841.       E 
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To  obtain  a  satisfactory  result,  we  ought  td  dissolve  a  some- 
what larger  quantity  of  potassium  in  the  alcohol,  and  employ 
a  still  more  energetic  electric  current,  and  foils  approacheid  to 
one  another  in  the  same  plane,  when  the  quantities  of  hydro- 
gen liberated  from  the  two  fluids  will  be  found  to  be  very 
nearly  equal  in  amount ;  and  the  comparison  is  best  instituted 
during  the  early  stages  of  the  action,  because  the  potash  gets 
saturated  with  the  secondary  products  of  oxidation,  and  the 
conducting  power  diminishes,  whilst  the  electric  energy  is  also 
on  the  decline. 

I  still  consider  the  experiments,  now  and  formerly  detailed, 
to  afford  the  only  direct  experimental  proof  which  we  yet  have 
of  the  existence  of  water,  as  such,  in  absolute  alcohol.  The 
oxidation  of  potassium  in  alcohol,  with  evolution  of  hydrogen, 
is  perhaps  the  nearest  approach  of  other  experiments  to  such 
evidence;  but  still  the  tendency  to  form  aether,  and  the  affinity 
of  potash  for  that  substance,  might  give  rise  to  the  evolution 
of  hydro|jen.  But  it  appears  to  be  quite  impossible,  on  elec- 
tro-chemical principles,  to  suppose,  that  under  electric  agency 
a  part  of  the  nydrogen  of  the  alcohol  should  go  to  one  pole, 
and  the  remainder,  with  its  other  constituents,  to  the  other, 
there  being  no  evidence  of  any  one  substance  at  the  positive 
pole,  which  could  have  been  in  combination  with  hydrogen 
as  an  electrolytic  compound ;  and,  besides,  we  have  direct 
proof  that  it  is  oxygen  which  passes  to  the  positive  pole, 
because  the  effects  which  take  place  there  are  efiects  of 
oxidation,  and  under  particular  arrangements  that  oxygen 
becomes  even  visible^  We  have  thus  oxygen  going  to  the 
one  pole  and  hydrogen  to  the  other,  and  the  latter  in  the  pro- 
portion in  which  it  exists  in  water ;  and  it  is  only  a  truism  to 
say  that  the  direct  voltaic  decomposition  of  any  substance  can- 
not take  place,  unless  that  substance  previously  has  a  distinct 
and  substantive  existence. 

XII.   On  the  Electricity  (f  Effluent  Steam.  No.  II.  By  W.  G. 
Armstrong,  Esq. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 

IN  concluding  my  last  communication  on  the  above  subject*, 
I  alluded  to  experiments  which  had  then  been  commenced 
to  try  the  effect  of  insulating  the  boiler  and  entirely  conden- 
sing the  issuing  steam.  These  experiments  have  since  been 
completed,  and  many  others  have  also  been  tried  which  sub- 
sequently suggested  themselves,  all  of  which  I  shall  now  pro- 
ceed to  describe. 

*  See  our  last  Number,  vol.  xvii.,  p.  452. 
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The  insulation  of  the  boiler  was  effected  by  lifting  the  en- 
gine with  screw-jacks,  until  the  wheels  were  raised  about  six 
inches  above  the  rails,  and  then  supporting  it  upon  four  insu- 
lators which  rested  upon  logs  of  timoer.  Each  insulator  con- 
sisted of  three  separate  pieces  of  baked  wood,  coated  with 
pitch,  and  having  layers  of  pitch  and  brown  paper  placed  be- 
tween them.  The  middle  piece  was  made  larger  than  the 
other  two,  so  as  to  project  h«yond  them,  and  thereby  increase 
the  surface  without  adding  to  the  height  of  the  insulator, 
which  would  have  been  dangerous ;  and  the  three  pieces  when 
put  together  formed  a  block,  of  which  a  representation  is  an- 
nexed (fig.  1.). 

As  soon  as  the  engine  was  placed  on  the  insulators,  the 
boiler  was  filled  with  water,  and  Fig.  i. 

the  fire  lighted,  and  as  the  press- 
ure gradually  rose  in  the  boiler, 
the  steam  was  occasionally  suf- 
fered to  escape. 

The  engine  indicated  no  elec- 
tricity whatever  so  long  as  the 
steam  was  confined  in  the  boiler, 
but  became  negatively  electri- 
fied as  soon  as  any  escape  was  permitted.  A  very  trifling 
escape  proved  sufficient  to  render  the  negative  electricity  of 
the  boiler  sensible,  and  when  the  steam  was  very  freely  dis- 
charged the  negative  development  became  exceedingly  power- 
ful. The  sparks  never  much  exceeded  an  inch  in  length,  but 
were  verv  large  and  brilliant,  and,  owing  no  doubt  to  the 
magnitude  of  the  body  from  which  they  were  drawn,  they  pro- 
duced effects  fully  equal  to  those  obtained  by  the  use  of  an 
average-sized  Leyden  jar.  Some  idea  of  their  potency  may 
be  formed  from  the  fact,  that  when  not  more  than  half  an 
inch  in  length,  they  easily  ignited  a  piece  of  cotton  wool  filled 
with  powdered  resin. 

The  greatest  care  was  taken  to  ascertain  whether  the  ex- 
tent of  the  electrical  development  was  at  all  dependent  upon 
the  density  of  the  steam  in  the  boiler ;  and  it  was  found  that 
when  the  discharge  from  the  valve  was  so  regulated  in  the 
different  trials  as  to  render  the  actual  quantity  or  weight  of 
steam  ejected  in  a  given  time  as  uniform  as  possible,  the  ne- 
gative electricity  of  the  boiler  increased  a  little  with  the  press- 
ure, but  the  positive  electricity,  drawn  by  the  pointed  con- 
ductor from  the  issuing  steam,  increased  enormously  as  the 
density  of  the  steam  was  augmented.  After  the  fire  had  been 
extinguished  at  the  close  of  the  experiments,  and  the  pressure 
bad  subsided  to  six  or  eight  pounds  on  the  square  inch,  sparks 


Digitized 


by  Google 


52  Mr.  W.  G.  Armstrong  on  the  Electricity  of  Effluent  Steam 

could  no  longer  be  obtained  from  the  conductorheld  in  the 
steam,  but  the  negative  electricity  of  the  boiler  continued  to 
produce  sparks  until  the  steam  was  entirely  exhausted,  or  as 
nearly  so  as  possible.  These  results  appear  to  indicatetbat 
a  jet  of  high-pressure  steam  is  not  in  ideality  much  more  elec- 
trical than  one  of  low-pressure  steam,  but  merely  that  the 
electricity  of  the  high-pressure  jet  is  more  easily  collected. 

The  insulation  of  the  boiler  undoubtedly  had  the  effect  of 
diminishing  the  positive  electricity  obtained  from  the  steam, 
but  not  to  sudi  an  extent  as  might  have  been  anticipated. 

A  glass  tube  A  (fig.  2),  with  a  cock  C  affixed  to  it,  having 
been  inserted  in  the  boiler  in  the  manner  described  in  my  last 
letter,  another  glass  tube  B,  about  four  feet  long,  was  attached 
to  the  cock,  and  supported  at  the  end  furthest  from  the  boiler 
by  a  dass  rod  fixed  in  the  insulating  stool.  A  small  brass 
cylinaer  D  having  a  number  of  pointed  wires  prelecting 
from  one  end  into  the  inside,  as  shown  in  the  section  (fig.  3)9 

Fig.  2. 


was  then  joined  to  the  glass  tube  B,  and  to  this  cylinder  was 
added  a  third  glass  tube  £,  so  as  to  extend  the  channel  through 
which  the  steam  was  to  be  conveyed.  A  wire  with  forked 
points  was  affixed  to  the  top  of  the  tube  E  for  the  purpose  of 
collecting  the  electricity  of  the  jet,  and  from  this  wire  a  pair 
of  pith-balls  was  suspended.  Another  pair  of  pith-balls  was 
in  like  manner  suspended  from  a  wire  screwed  into  the  brass 
cylinder,  all  which  arrangements  will  be  clearly  onderstood 


Digitized 


by  Google 


Mr.  W.  O.  Armstrong  on  the  Electricity  of  Effluent  Steam.  5$ 

by  reference  to  the  figure.  The  cylinder,  and  a  great  part  o^ 
each  of  the  tubes,  were  enveloped  in  flannel,  so  as  to  prevent 
condensation  as  much  as  possible.  The  chief  object  of  this 
apparatus  was  to  test  the  electrical  condition  of  the  steam  be- 
fore it  issued  into  the  air,  both  when  the  boiler  was  insulated 
and  when  it  was  connected  by  a  conductor  with  the  earth. 
An  iron  bar  was  then  placed  against  the  engine  to  establish  a 
communication  between  it  and  the  ground,  and  the  cock  being 
opened,  a  current  of  steam  mixed  with  water  issued  from  the 
tube  £.  Under  these  circumstances  botli  pairs  of  balls  re- 
mained stationary,  the  electricity  being  probably  carried  off 
by  the  water  which  escaped  with  the  steam.  As  the  tubes 
became  heated  the  quantity  of  water  discharged  with  the  steam 
was  reduced  to  a  mere  spray,  and  both  pairs  of  balls  then 
slightly  diverged  with  positive  electricity,  the  upper  pair  ex- 
panding rather  more  than  the  lower  pair ;  but  upon  partially 
closing  the  cock  both  pairs  of  balls  expanded  fully  three  times 
as  much  as  they  had  done  when  the  cock  was  fully  open ;  and 
then  gradually  converged,  arriving  at  their  original  position 
after  the  lapse  of  about  a  minute. 

I  was  at  first  exceedingly  puzzled  how  to  account  for  this 
singular  efiect  of  attenuating  the  steam,  but  I  now  think  it 
may  be  explained  as  follows.  It  is  probable  that  the  moisture 
of  the  steam  when  the  cock  is  fully  open  is  sufiicient  to  enable 
it  to  conduct  sreat  part  of  the  electricity  of  the  jet  back  again 
to  the  boiler ;  out  that  as  soon  as  the  temperature  of  the  steam 
is  reduced  by  the  attenuation  below  the  temperature  which 
the  tubes  have  previously  acquired  from  the  high-pressure 
steam,  its  dryness  is  so  far  increased  as  to  prevent  the  trans- 
mission of  electricity  from  the  jet  to  the  boiler,  but  not  from 
the  jet  to  the  cylinder,  which  is  a  much  nearer  object.  As  the 
tubes  cool  down  to  an  equality  with  the  steam  the  dampness 
returns,  and  the  electricity  is  again  in  a  great  measure  carried 
back  to  the  boiler. 

The  iron  bar  was  then  removed  from  its  contact  with  the 
boiler  so  as  to  restore  the  insulation,  and  the  engine  was  ren- 
dered intensely  negative  by  a  copious  emission  of  steam  from 
the  safety-valve.  The  cock  being  again  fully  opened,  both 
pairs  of  balls  diverged  strongly  with  negative  electricity ;  and 
by  diminishing  the  escape  from  the  valve  to  a  certain  point, 
and  then  partly  closing  the  cock,  the  upper  balls  indicated 
jH^itivCj  and  the  lower  ones  negative  electricity.  When  the 
escape  from  the  valve  was  entirely  prevented  and  the  cock 
fully  opened,  both  pairs  of  balls  remained  in  a  collapsed  state, 
but  on  partly  opening  the  cock  they  both  diverged  for  a  short 
time  with  positive  electricity  to  much  the  same  extent  as  they 
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had  previously  done  while  the  boiler  communicated  with  the 
earth  by  means  of  the  iron  bar. 

It  is  important  to  state  that  when  the  balls  were  repelled 
with  negative  electricity,  they  collapsed  very  considerably  when 
the  cock  was  touched  by  the  hand,  but  when  they  diverged 
with  positive  electricity  no  effect  was  produced  by  touching 
the  cock,  which  strongly  favours  the  supposition  that  the 
positive  electricity  manifested  by  the  lower  pith-balls,  was 
conducted  to  the  cylinder  from  the  jet. 

A  coil  of  lead  pipe,  immersed  in  a  alas  jar  filled  with  wet 
snow,  was  then  placed  upon  the  insulaung  stool  and  connected 
with  the  tube  B,  after  the  brass  cylinder  had  been  detached ; 
and  the  iron  bar  was  again  placed  against  the  boiler  to  suspend 
the  insulation.  Upon  opening  the  cock  to  the  full  extent, 
little  or  no  electricity  could  be  discovered  in  the  coil,  but 
when  the  cock  was  partly  closed,  positive  electricity  appeared 
for  a  short  time  and  then  faded  awav  exactly  as  in  the  expe- 
riments with  the  brass  cylinder.  Upon  removing  the  con* 
nexion  between  the  boiler  and  the  earth  and  raising  the  valve 
the  coil  became  highly  negative,  but  upon  closing  the  valve 
the  negative  electricity  vanished. 

I  have  little  doubt  that  the  predominance  of  the  negative 
over  the  positive  electricity  in  the  above  experiment  is  attri- 
butable to  the  conducting  power  of  the  steam  causing  more 
negative  electricity  to  be  conveyed  to  the  coil  from  the  boiler, 
than  the  coil  would  acquire  if  the  steam  were  a  non-conductor. 
When  negative  electricitv  was  in  like  manner  so  strongly 
manifested  Dy  the  pith-balls  in  the  experiments  with  the  brass 
cylinder,  it  was  noticed,  that  after  closing  the  cock,  while  the 
interior  of  the  tubes  were  bedewed  with  moisture,  scarcely 
any  negative  electricity  was  transmitted  to  the  balls,  so  that 
the  conducting  power  must  have  been  in  the  steam,  and  not 
in  the  mere  dampness  on  the  glass. 

A  vertical  glass  tube,  about  an  inch  in  diameter,  and  be- 
tween two  and  three  feet  long,  was  then  screwed  on  to  the 
cock  in  substitution  of  the  tube  B.  The  lower  part  of  this 
tube  contained  a  number  of  pointed  wires  for  the  purpose  of 
abstracting  and  imparting  to  the  cock  any  electricity  which 
the  steam  might  possess  on  entering  the  tube.  When  the 
cock  was  now  fully  opened,  flashes  of  light  began  to  dart 
throuffh  the  whole  length  of  the  tube,  from  the  cloud  above 
it  to  the  cock,  and  continued  to  do  so  as  long  as  the  cock  ^- 
mained  open,  both  when  the  boiler  was  insulated,  and  when 
it  was  connected  with  the  earth.  The  steam  in  the  tube  was 
perfectly  transparent,  and  no  moisture  could  be  seen  on  the 
inner  surface  of  the  glass. 
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The  visible  transmissioii  of  electricity  from  the  jet  to  the 
cock,  in  this  experiment,  furnishes  convincing  proof  that  the 
positive  electricity  which  we  find  in  the  jet  is  not  developed 
unlil  the  steam  assumes  the  form  of  a  visible  vapour ;  and  it 
shows  also  that  the  steam,  even  in  its  transparent  state,  is»  as 
I  have  already  surmised,  a  tolerable  conductor  of  electrici^. 

I  will  now  ventnre  to  offer  such  an  explanation  of  the  elec- 
trical phenomena  of  effluent  steam,  as  I  conceive  to  be  most 
consonant  with  the  experiments  I  have  described  in  this  and 
my  preceding  communication. 

Independently  of  the  experimental  proofs  which  have  bean 
adduced  of  the  neutral  state  of  the  steam  up  to  the  Instant  of 
its  transformation  into  an  opake  vapour,  tne  water  and  the 
steam  must  be  so  thoroughly  intermixed  in  the  boiler  of  a 
locomotive  engine,  as  to  render  it  impossible  for  the  steam  to 
become  electnfied  with  positive  electricity  without  immedi« 
ately  imparting  it  to  the  water. 

1  as8ume,'then,  as  a  fact,  established  both  by  reason  and  ex- 
periment, that  the  steam  is  in  a  neutral  state  in  the  boiler ; 
and  I  think  I  am  eaually  supported  in  saying,  that  it  does 
not  exhibit  positive  electricity,  after  leaving  me  boiler,  ao 
long  as  it  retains  its  aeriform  nature. 

We  learn  from  experiment  that  a  development  of  negative 
electricity  in  the  boiler  accompanies  the  emission  of  the  steam ; 
and  since  the  neorative  development  in  the  boiler  is  obviously 
independent  of  die  subsequent  condensation  of  the  steam,  it 
follows,  that  if  the  effluxion  of  the  steam  could  be  effected 
without  permitting  any  condensation  to  take  place,  we  should 
then  have  a  development  of  negative  electricity  in  the  boiler 
without  any  simultaneous  development  of  positive  electricity ; 
and  in  like  manner  if  the  ejectra  steam  were  subsequenUy 
condensed  into  water,  we  should  then  have  a  liberation  of 
positive  electricity  without  a  concomitant  liberation  of  n^ative 
electricity. 

These  conclusions  are  entirely  incompatible  with  the  theory 
of  two  electric  fluids,  but  are  quite  reconcileable  with  the 
hypothesis  of  a  single  fluid.  It  seems  perfectly  rational  and 
consistent  with  analogy  to  suppose,  that  the  immense  aug- 
mentation of  volume  which  takes  place  when  water  ex- 
pands into  steam  of  any  ordinary  density,  should  occasion  a 
greatly  increased  capacity  for  electricity ;  and  consequently, 
Jhat  the  quantity  of  electricity  which  suffices  to  produce  a 
neutral  or  saturated  state  in  water,  should  be  quite  inadequate 
to  sustain  that  condition  when  the  water  is  converted  into 
steam.  Upon  this  supposition  the  steam  as  it  forms  in  the 
boiler  will  absorb  electricity  from  the  adjacent  conductors  in 
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order  to  acquire  a  neutral  or  saturated  state,  and  when  by 
condensation  it  again  becomes  water,  the  electricity  thus  sIk* 
sorbed  will  necessarily  be  set  free ;  and  hence  the  positive 
electricity  which  we  find  in  the  jet. 

Upon  the  same  principle,  if  the  boiler  be  insulated,  the  water, 
the  boiler^  and  the  uncondensed  steam,  will  all  be  rendered 
negative,  provided  the  steam  be  permitted  to  escape,  but  not 
otherwise ;  for  if  the  steam  be  confined  within  the  limits  of  the 
boiler,  the  evaporation  will  not  be  attended  with  any  increase 
of  volume,  and  the  absorption  of  electricity  will  in  consequence 
be  prevented.  In  all  these  respects  the  theory  exactly  ac- 
cords with  observation. 

I  am  bound,  however,  to  admit  that  the  explanation  which 
I  have  here  advanced,  involves  certain  conditions  which  ap- 
pear somewhat  at  variance  with  experiment.  In  the  first 
place  the  condensation  of  a  given  weight  of  low-pressure 
steam  ought,  if  the  absorption  of  electricity  depends  upon 
increase  of  volume,  to  liberate  more  positive  electricity  than 
the  condensation  of  an  equal  weight  of  high-pressure  steam ; 
and  in  the  second  place,  the  expansion  of  steam  from  one  de- 
gree of  density  to  another  should,  on  the  same  principle,  be 
accompanied  by  a  development  of  negative  electricity.  Not- 
withstanding, however,  what  has  been  advanced  in  favour  of 
high-pressure  steam  containing  more  electricitv  than  steam 
of  low  density,  I  think  it  quite  possible  that  the  reverse  of 
this  may  be  the  fact;  for  it  is  not  at  ail  improbable  that  a  low- 
pressure  jet  may  conduct  so  large  a  portion  of  its  dectricity 
back  again  to  the  boiler  as  to  make  it  appear  to  liberate 
less  electricity  than  a  high-pressure  jet,  while  in  reality  it  may 
develope  a  great  deal  more.  It  is  quite  reasonable  to  suppose 
that  the  conducting  power  of  steam  should  be  increased  by 
rarefaction  ;  and  besides,  in  order  to  make  a  fair  comparison 
between  the  quantities  of  electricity  liberated  by  two  jets  of 
steam,  it  is  indispensable  that  they  should  discharge  equal 
^weights  in  equal  times,  and  to  effect  this  condition  it  is  neces- 
sary to  discharge  a  much  larger  volume  when  the  steam  is  of 
low  pressure,  than  when  it  is  of  great  density,  and  by  so  doing 
we  unavoidably  increase  the  quantity  of  unvaporized  water 
swept  out  of  the  boiler  in  conjunction  with  the  steam,  and 
thus  improve  the  communication  between  the  jet  and  the 
boiler,  and  at  the  same  time  cause  a  considerable  dispersion 
of  the  electricity.  ^ 

With  regard  to  expansion  producing  negative  electricity, 
I  have  certainly  never  detected  such  a  resmt ;  but  I  much 
question  whether  in  any  of  the  above  experiments  expansion 
was  effected'  without  an  aqueous  condensation  sufficient  to 
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produce  a  countervailing  effect;  or  the  insulation  was  ever 
sufficiently  perfect  to  prevent  feeble  ne^tive  electricity  being 
carried  off,  or  overwhelmed  by  the  positive  electricity  deve- 
loped in  the  jet. 

Mr.  Nicholson  has  zealously  cooperated  with  me  in  the 
experiments  I  have  described,  and  it  is  our  Intention  to  make 
a  further  attempt  to  clear  up  the  difficulties  which  still  em- 
barrass the  subject. 

The  limits  of  this  letter  will  not  permit  me  at  present  to 
enter  upon  any  discussion  on  Dr.  Schafhaeutl's  interesting 
paper  which  appeared  in  your  last  publication. 

Newcasde-upon-Tyne,  Wm.  Geo.  ARMSTRONG. 
Dec.  19, 1840,  

XIII.     Proceedings  of  Learned  Societies. 

ROYAL  SOCIETY. 

Anniversary  Address  of  the  Marquis  of  Northampton,  President^ 
November  SO,  1840. 
Gentlkmen, 

IN  addressing  you  at  the  termination  of  this,  the  second  year  that 
I  have  had  the  honour  of  presiding  over  your  Society,  my  first 
duty  is  to  return  my  thanks  to  those  gentlemen  whom  you  have 
nominated  to  be  my  Council.  They  have  rendered  an  onerous  duty 
comparatively  light  and  easy  by  their  unremitting  attendance  and 
zeal ;  and  have,  as  I  trust,  prevented  your  affairs  from  suffering  from 
any  incompetency  on  my  part.  In  making  my  report  of  the  trans- 
actions of  the  last  year,  I  know  of  nothing  to  regret,  except  the  loss 
of  some  of  our  valued  Associates,  who  between  the  end  of  last  No* 
vember  and  the  present  time  have  paid  the  debt  of  nature. 

Among  the  new  members  enrolled  in  our  body,  it  will  perhaps 
be  right  to  mention  the  name  of  the  Bishop  of  Norwich,  as  being 
President  of  the  Linnean  Society,  one  of  the  oldest  branches  that 
may  be  considered  as  thrown  off  from  our  parent  stem.  Also  that 
of  the  Duke  of  Richmond,  as  President  of  the  two  newest  Asso- 
ciations founded  for  the  promotion  of  science,  the  Royal  Agricul- 
tural and  Botanical  Societies.  We  have  one  new  member  of  still 
higher  rank,  who  has  honoured  us  by  becoming  one  of  our  Fellows, 
H.  R.  H.  Prince  Albert,  the  consort  of  our  beloved  Queen  and 
Patroness.  As  your  organ,  Gentlemen,  I  will  venture  to  say  that 
you  duly  appreciate  the  honour  conferred  on  yourselves ;  at  the 
same  time  while  His  Royal  Highness  gratifies  us  by  joining  our 
body,  we  entertain  no  doubt  that  he  does  so  from  the  just  conviction 
that  the  patronage  and  advancement  of  science  are  national  objects 
of  the  deepest  importance. 

*  The  Antarctic  Expedition,  to  whose  departure  I  adverted  in  my 
last  year's  Address,  is,  I  trust,  now  successfully  pursuing  its  career 
of  scientific  research.  Already  a  portion  of  the  fruits  of  its  labours 
has  reached  us,  and  promises  an  abundant  and  valuable  harvest 
The  fixed  Magnetic  Observatories  on  the  territories  of  Her  Msyesty 
are  now  also  in  full  operation ;  while  foreign  powers  have  given  us 
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the  assistance  of  observations  made  at  the  same  instant  of  time,  and 
on  the  same  system  as  our  own.  I  have  the  satisfaction  to  state, 
that  these  observatories  exceed  forty  in  number  *. 

While  these  researches  are  being  made  by  our  own  and  other  states, 
private  enterprise  is  not  idle.  Mr.  Enderby,  to  whom  geography 
is  already  indebted,  has  sent  out  a  vessel  for  the  purposes  of  discovery 
in  the  Antarctic  seas,  with  the  object  of  approaching  as  near  as  may 
be  to  the  Southern  pole.  His  ship  is  navigated  by  Mr.  Mapleton, 
an  officer  who  had  been  selected  by  Her  Majesty's  Government  to 
take  a  part  in  Captain  Ross's  expedition  ;  but  he  had  not  returned 
to  England  before  that  Expedition  had  sailed.  We  may  well  hope 
that  he  will  merit  this  double  confidence,  and  that  he  will,  if  his  liife 
be  spared,  add  another  wreath  to  the  laurels  of  England,  won  by  a 
Parry  and  a  Ross,  a  Cooke  and  a  Vancouver. 

You  are  aware,  Gentlemen,  that  previously  to  the  departure  of  the 
late  expedition,  the  Council  of  the  Royal  Society  was  requested  by  the 
government  to  draw  up  a  statement  of  the  most  desirable  objects  in 
science  to  which  the  attention  of  the  officers  employed  might  be 
directed.  With  this  request,  as  you  might  also  know,  the  Council 
immediately  complied ;  and  in  the  execution  of  the  duty  thus  de- 
volved on  us,  the  assistance  of  the  Scientific  Committees  was  our 
principal  means  of  success.  Since  that  time  it  has  occurred  to  us, 
that  the  same  recommendations,  in  rather  a  different  shape,  might 
be  of  great  use  to  other  scientific  travellers.  We  have  accordingly 
taken  considerable  pains  in  perfecting  these  suggestions,  which  we 
have  caused  to  be  printed  for  the  public  in  general  f.  We  have 
already  furnished  copies  to  the  Commander  of  the  Expedition  to  the 
Niger,  and  I  hope  that,  in  addition  to  his  higher  objects,  he  may  be 
enabled  to  promote  our  acquaintance  with  the  details  of  the  geo- 
graphy and  natural  history  of  those  imperfectly  known  parts  of  the 
globe. 

I  have  the  satisfaction  to  inform  you,  that  by  desire  of  the  Council 
Mr.  Shuckard  has  completed  a  Catalogue  of  the  valuable  manuscript 
letters  in  our  library,  among  which  are  many  from  Ray,  Willoughby, 
Newton,  Boyle,  Hook,  and  other  eminent  men,  which  we  trust  may 
serve  as  a  useful  aid  to  those  Fellows  who  may  wish  to  consult  do- 
cuments of  so  much  interest  and  value. 

You  will  also  be  glad  to  know  that  Mr.  Halliwell,  one  of  our 
Fellows,  has  imdertaken  and  executed  the  task  of  making  a  cata- 
logue of  the  miscellaneous  manuscripts  in  our  library ;  a  labour  for 
which  I  am  sure  you  will  feel  much  indebted  to  the  author.  In  this 
collection  the  Society  possesses  one  most  valuable  manuscript,  the 
Principia  in  the  hand-writing  of  the  immortal  Newton. 

The  Royal  Society,  Gentlemen,  was  founded  for  the  advancement 
of  natural  knowledge,  not  for  any  purposes  of  private  advantage  or 
vain  glory.    It  must,  therefore,   always  hail  the  foundation  an^ 

[•  See  L.  &  E.  Phil.  Mag.  vol.  xiv.  p.  137 ;  also  vol.  xv.  p.  224 ;  for  an  * 
account  of  the  instrument  and  mode  of  observation  to  be  employed  in  the 
magnetic  observatories  founded  by  the  British  government :  also  vol.  xvi 
p.  598,  xvii.  pp.  144,  418.— Edit.J 

[t  A  portion  of  these  recommendations,  relating  to  phvsics  and  meteo- 
rology, will  be  found  in  L.  &  E.Phil.  Mag.  vol.  xv.  p.  177-— Edit.} 
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prosperity  of  new  bodies  of  scientific  men,  brought  together  by  the 
same  object  in  particular  branches  of  science,  either  in  the  abstract, 
or  connected  with  important  arts  and  manufactures.  It  cannot  but 
rejoice,  therefore,  at  the  continued  prosperity  of  the  British  Associ- 
ation, and  in  the  formation  of  new  societies  for  Microscopical  Re- 
search* ,  and  for  the  improvement  of  Botany  and  Agriculture. 

With  respect  to  the  last  of  these,  we  must  look  with  satisfaction 
to  every  effort  to  carry  the  torch  of  science,  to  light  up  the  intrica- 
cies and  doubts  of  an  art,  the  first  probably  in  age,  and  certainly  the 
first  in  importance  to  civilized  man.  As  to  the  Botanical  Society, 
we  cannot  but  be  glad  that  the  want  of  a  public  and  national  Garden 
should  be  in  some  measure  supplied,  and  we  may  indulge  a  hope 
that  the  example  may,  at  a  future  time,  lead  our  Government  to  pro- 
vide an  establishment  commensurate  with  the  wealth  of  Great  Bri- 
tain, with  the  magnitude  of  the  metropolis,  and  ¥dth  the  extensive 
colonial  empire  from  which  it  might  be  supplied  with  the  produc- 
tions of  the  most  varied  climates. 

With  the  continued  and  increasing  prosperity  of  the  British  As- 
fsociation,  I  may  the  more  boldly  call  on  you  to  sympathize,  as  the 
greater  part  of  its  most  active  and  talented  members  are  also  among 
the  most  valued  of  our  own  Fellows.  It  had  this  year  a  great  addi- 
tional merit  in  the  very  numerous  attendance  of  the  scientific  natives 
of  other  countries,  and  it  gave  to  those  among  us  who  were  present 
at  Glasgow  the  opportunity  of  becoming  personally  acquainted  with 
some  of  our  Foreign  Members ;  with  an  Encke,  and  an  Agassiz. 
The  latter  gentleman,  having  fortunately  extended  his  visit  to  En- 
gland, we  have  now  the  pleasure  of  seeing  him  at  our  Anniversary; 
a  pleasure  that  we  should  have  probably  lost,  had  he  not  been  at- 
tracted by  the  meeting  of  the  British  Association. 

During  the  last  year  we  have  had  more  than  one  occasion  of  tes- 
tifying our  grateful  and  loyal  attachment  to  our  Royal  Patroness. 
Another  now  presents  itself,  which  I  am  sure  you  will  gladly  seize, 
to  express  our  joy  at  the  birth  of  a  Princess,  our  gratitude  to  Heaven 
for  our  Sovereign  s  safety,  and  our  fervent  prayers  for  her  long  and 
prosperous  reign  over  the  hearts  as  well  as  persons  of  her  subjects. 

Since  we  last  assembled  our  room  of  meeting  has  been  ornamented, 
as  you  will  see,  Gentlemen,  by  the  portrait  of  our  late  Royal  Presi- 
dent, from  the  pencil  of  Mr.  Phillips.  I  am  sure  that  you  will  be 
gratified  by  this  addition  to  the  likenesses  of  the  far  greater  number 
of  my  predecessors.  Future  successors  of  the  present  Fellows  of  the 
Royal  Society  will  look  with  satisfaction  at  the  striking  representa- 
tion of  a  Prince,  who  has  added  to  the  many  favours  received  by  us 
from  his  illustrious  house,  that  of  deigning  to  preside  over  our  Meet- 
ings and  our  Councils. 

Of  the  papers  that  have  been  read  at  our  Meetings,  it  is  not  ne- 
cessary for  me  to  speak.  Of  their  merits  you  will  be  enabled  to 
judge  in  a  considerable  degree  by  the  Abstracts  contained  in  our 
printed  Proceedings;  while  Ihose  that  have  appeared  to  the  Council^ 

[*  The  foundation  of  the  Microscopical  Society  is  noticed  in  L.  &  E. 
Phil.  Mag.  vol.  xv.  p.  549.] 
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assisted  by  the  Scientific  Committees,  to  be  of  the  most  importance, 
will  be  found  in  the  Philosophical  Transactions.  Asa  new  proof  of 
which  I  cannot,  however,  refrain  from  adverting  for  a  moment  to  one 
topic, — the  discovery  of  Photography,  for  which  we  are  indebted  to 
a  Neipce,  a  Daguerre,  and  a  Talbot* ;  and  which  not  only  promises 
important  results  to  art,  but  valuable  assistance  also,  by  the  applica- 
tion of  an  Ibbotson  and  others,  to  those  branches  of  knowledge 
which  are  connected  with  organic  matter.  This  is,  however,  not  all. 
Through  the  interesting  observations  of  Sir  J.  Herschel  and  Mr. 
Hunt,  followed  up,  as  they  will  doubtless  be,  by  other  philosophers, 
a  vista  seems  to  open  into  hitherto  unexplored  regions  of  scienoef. 
I  have  the  honour,  Gentlemen,  to  inform  you  that  the  Council 
have  awarded  the  Royal  Medals  for  the  present  year  to  Sir  John 
F.  W.  Herschel  and  Professor  Wheatstone ;  one  Copley  Medal  to 
Professor  Liebig,  and  another  to  M.  Sturm;  and  the  Rumford 
•  Medal  to  M.  Biot. 

Sir  John  Lubbock. 

It  is  to  me  a  cause  of  the  highest  satisfaction  that  I  have  to  pre- 
sent through  you  this  Royal  Medal  to  Sir  John  F.  AV.  Herschel, 
being  the  fourth  Medal  that  has  been  awarded  to  him  by  the  de- 
cision of  different  Councils. 

It  is  to  myself  and  to  the  other  Members  of  the  Council  a  most 
gratifying  circumstance,  that  in  an  invention  of  great  interest  to  art, 
he  has  found  an  instrument  capable  of  making  us  acquainted  with 
most  curious  laws  regulating  the  chemical  action  of  the  different 
rays  of  the  spectrum  on  the  same  substances.  They  have  an  addi- 
tional interest  to  us  as  well  as  to  you,  in  reminding  us  of  researches 
made  by  the  honoured  parent  whose  example  of  scientific  zeal 
he  so  well  emulates.  The  observations  that  Sir  J.  Herschel  has 
made  in  his  recent  communication,  appear  likely  to  lead  to  new 
discoveries  in  optical  as  well  as  chemical  science ;  and  wc  trust 
that  the  papers  already  before  us  may  be  the  forerunners  of  still 
more  striking  and  important  results. 

Professor  Wheatstone. 
It  is  with  great  pleasure  that  I  address  you,  and  present  to  you 
one  of  those  Medals  that  our  Royal  Patroness  has  placed  at  the  dis- 
posal of  the  Council  of  our  Society.  Your  valuable  experiments, 
and  the  ingenious  methods  by  which  you  have  solved  the  difficult 
question  of  Double  Vision  iy  form  the  immediate,  and  certainly  suffi- 
cient motive,  for  their  adjudication.  It  is,  however,  still  more  satis- 
factory, as  it  gives  me,  as  their  organ,  the  opportunity  to  mark  their 
sense  of  the  value  of  your  other  discoveries,  of  the  science  and  in- 
genuity by  which  you  have  measured  Electrical  Velocity,  and  by 

[•  See  L.  &  £.  Phil.  Mag.  vol.  xiv.  p.  196.— Edit.]  : 

[t  An  Abstract  of  Sir  John  Herschel's  paper  appeared  in  L.  &  E.  Phil. 

Mag.  vol.  xvi.  p.  331 ;  and  of  a  paper  by  Mr.  Hunt  in  vol.  xvii.  p.  381 ; 

in  which  volume  also,  p.  202,  appears  Mr.  Hunfs  last  paper,  referrmg  to 

others  before  inserted.]     . 
[J  Noticed  in  vol.  xiii.  p'.'4l6 ;  see  also  vol.  xvi.  p.  699.] 
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which  you  have  also  turned  your  acquaintance  with  Galvanism  to 
the  mast  important  practical  purposes. 

Professor  Damibll. 

In  confiding  to  your  charge,  as  our  Foreign  Secretary,  the  Rum- 
ford  Medal  which  the  Council  has  awarded  to  M.  Biot,  I  am  sure 
that  every  cultivator  of  the  higher  and  more  abstruse  branches  of 
science  will  feel  that  it  is  bestowed  on  a  philosopher,  whose  optical 
researches  on  the  curious  and  interesting  subject  of  Polarized  Light 
are  of  the  highest  value.  You  may,  at  the  same  time  that  you  for- 
ward the  Medal,  assure  M.  Biot  of  the  anxious  wish  of  the  Royal 
Society  that  he  may  be  long  enabled  to  carry  on  inquiries  so  honour- 
able to  himself,  and  so  important  to  more  than  one  branch  of 
science. 

Professor  Daniell,  I  hold  in  my  hand,  and  deliver  to  you  one  of  the 
Copley  Medab,  which  has  been  awarded  by  us  to  Professor  Liebig. 
My  principal  difficulty,  in  the  present  exercise  of  this  the  most  ^ 
agreeable  part  of  my  official  duty,  is  to  know  whether  to  consider 
M.  Liebig's  inquiries  as  most  important  in  a  chemical  or  in  a  phy- 
siological light.  However  that  may  be,  he  has  a  double  claim  on 
the  scientific  world,  enhanced  by  the  practical  and  useful  ends  to 
which  he  has  turned  his  discoveries.  I  hope  that  he  may  long  be 
able  to  follow  at  the  same  time  the  paths  of  scientific  research  and 
practical  utility. 

Professor  Daniell,  I  have  again  to  call  on  you,  in  your  official 
capacity,  to  transmit  a  Medal  to  the  Continent  The  gentle- 
man to  whom  we  have  adjudged  it  is  M.  Sturm,  for  his  valu- 
able mathematical  labours,  the  fruits  of  which  must  be  important, 
not  only  to  mathematics,  but  also  to  those  other  high  and  abstruse 
sciences  to  whose  advancement  algebraical  analysis  is  a  necessary 
instrument.  In  his  solution,  therefore,  of  a  problem  which  has 
baffled  some  of  the  greatest  mathematicians  that  the  world  has  pro- 
duced, he  has  well  earned  the  gratitude  of  every  lover  of  natural 
knowledge. 

You  will.  Gentlemen,  hear  read  an  account  of  the  eminent  men 
connected  with  our  Society  whom  we  have  had  the  misfortune  to 
lose  since  last  November.  Having  confided  the  task  of  enumerating 
them  to  one  of  your  Members,  more  able  than  myself  to  do  justice 
to  their  merits,  I  shall  not  further  touch  upon  the  subject  than  to 
express  my  deep  regret  at  the  decease  of  one  who  had  been  my 
predecessor  in  this  Chair,  and  to  whose  counsel  I  might  have  looked 
for  aid  in  any  conjuncture  of  difficulty,  with  full  reliance  on  his 
good  sense  and  ability,  and  also  on  his  zeal  in  any  matter  in  which 
the  interests  of  the  Royal  Society  were  at  stake.  I  may  also  be  per- 
mitted to  express  the  condolence  of  all  the  Members  of  the  Royal 
Society  with  the  domestic  affliction  of  our  valued  Treasurer  by  the 
decease  of  his  father,  who  was  also  one  of  our  Fellows.  I  will  now 
desire  Dr.  Roget  to  read  the  account  of  those  whom  we  now  miss 
from  our  ranks. 

The  first  name  in  the  list  of  our  deceased  Fellows,  which  it  is  my 
melancholy  duty  to  notice,  is  one  which  cannot  be  mentioned  in  this 
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room,  without  feelings  of  deep  regret  for  the  loss  of  his  services  and 
of  affectionate  respect  for  his  many  virtues :  it  is  hardly  necessary 
for  me  to  add  that  I  refer  to  our  late  associate  and  former  President, 
Mr.  Da  VIES  Gilbert*. 

He  was  the  only  surviving  son  of  the  Rev.  Edward  Giddy,  of  St. 
Erth  in  Cornwall,  and  his  mother,  whose  maiden  name  was  Da  vies, 
was  the  representative  of  several  ancient  and  distinguished  families 
in  that  county,  and  the  heiress  likewise  of  very  considerable  pro- 
perty. His  early  education,  which  was  almost  entirely  domestic,  was 
chiefly  superintended  by  his  father,  who  was  an  accomplished  clas- 
sical scholar;  and  in  1785  he  became  a  gentleman  commoner  of 
Pembroke  College,  Oxford,  where  he  attended  the  lectures  of  Dr. 
Beddoes  on  chemistry.  Dr.  Sibthorp  on  botany,  and  Mr.  Hornby 
on  geometry  and  astronomy,  and  devoted  himself  with  very  unu- 
sual diligence  to  the  study  of  mathematics  and  the  natural  sciences. 
He  used  to  boast  in  after  life,  with  very  becoming  pride,  that  he  was 
the  first  student  of  his  class  in  the  University  of  Oxford,  who  had 
ever  read  the  Principia  of  Newton. 

In  1791,  he  was  elected  a  Fellow  of  this  Society,  and  became  as- 
«ociated  from  that  time  forward  with  the  most  eminent  men  of  sci- 
ence in  the  metropolis.  He  had,  in  very  early  life,  appreciated  the 
extraordinary  combination  of  poetical  and  philosophical  genius  in 
his  iriend  and  fellow-countryman  Humphry  Davy,  at  that  time  In 
a  very  humble  capacity ;  and  by  recommending  him,  first,  as  an  as-^ 
sistant  to  Dr.  Beddoes  in  his  experiments  on  the  medical  effects  of 
gaseous  inspirations,  and,  secondly,  to  the  Royal  Institution,  he  had 
the  merit  and  good  fortune  of  contributing  to  rescue  from  obscurity 
one  of  the  greatest  discoverers  in  modern  chemistry  f.  In  the  year 
ISCH,  he  became  Member  of  Parliament  for  Helston,  and  in  1806 
for  Bodmin,  a  borough  in  his  own  immediate  neighbourhood,  which 
he  continued  to  represent  until  the  era  of  Parliamentarv  Reform  in 
18S2.  He  was  emphatically  the  representative  of  scientific  interests 
in  the  House  of  Commons,  and  contributed  by  his  exertions  to  carry 
many  very  important  projects,  including  amongst  them  the  great 
breakwater  at  Plymouth  and  the  bill  for  the  revision  of  weights  and 
measures ;  a  bill  founded  upon  the  report  of  a  commission  of  which 
he  was  a  member,  in  conjunction  with  Captain  Kater,  Dr.  Young 
and  Dr.  Wollaston.' 

Mr.  Davies  Gilbert  was  the  author  of  Papers  in  our  Transactions 
**  On  the  Mathematical  Theory  of  Suspension  Bridges  tf*'  with  parti- 
cular reference  to  the  Menai  bridge,  which  was  at  that  time  in  pro- 
gress, and  the  curvature  of  which  was  considerably  modified  in  con- 
formity with  the  results  of  his  calculations : — "  On  the  Progressive 
Improvements  made  in  the  Efficiency  of  Steam-engines  in  Cornwall, 
with  investigations  of  the  methods  best  adapted  for  imparting  great 

[•  Another  obituary  notice  of  Mr.  Davies  Gilbert  appears  in  the  Sup- 
plementary Number  for  the  present  month,  vol.  xvii.  p.  631 .  A  third  will  be 
given  shortly.— Edit.] 

[f  See  L.  &  E.  Phil.  Mag.  N.  S.  iii.  p.  57,  for  Mr.  Gilbert's  own  state* 
ment  of  these  circumstances.] 

t  For  182a,  Part  III.  p.  iK)2. 
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ADgular  Velocities*,"  in  which  he  first  distinctly  defined  and  made 
known  to  men  of  science  what  is  termed  the  duti/  of  steam-engines, 
from  the  correct  observation  of  which  so  many  important  practical 
improvements  have  followed : — "  On  the  Nature  of  Negative  and 
Imaginary  Quantitiesf  ,'*  which  contains  many  ingenious  views,  al- 
though they  have  been  in  a  great  measure  superseded  by  later 
speculations  on  thb  subject  {•  Mr.  Gilbert  was  a  mathematician  of 
the  old  school ;  but  the  papers  to  which  we  have  just  referred  are 
very  creditable  specimens  of  the  clearness  with  which  he  appre- 
hended the  bearing  of  some  simple  theoretical  truths  ^upon  very 
important  practical  questions. 

He  became  President  of  this  Society  in  1828,  on  the  resigna- 
tion of  Sir  Humphry  Davy ;  a  situation  from  which  he  retired  in 
1831.  He  continued,  however,  for  the  remainder  of  his  life,  to  take 
a  prominent  part  in  the  concerns  of  the  Society  ;  and  there  are  few 
of  my  brother-Fellows,  whom  I  have  now  the  honour  of  addressing, 
who  have  not  had  opportunities  of  observing  and  appreciating  his 
constant  zeal  for  the  interests  of  science,  the  variety  and  philoso- 
phical character  of  his  conversation,  the  simple  and  unafiected  elo- 
quence of  his  public  addresses},  and,  above  all,  that  sweetness  of 
temper  and  kindness  of  heart  which  beamed  forth  in  the  expression 
of  those  truly  classical  and  benevolent  features,  which  one  of  the 
most  accomplished  of  our  artists  (himself  a  brother-Fellow)  has  so 
happily  perpetuated  in  the  portrait  which  adorns  these  walls*  The 
very  absence  of  that  infleidbility  of  purpose  and  of  opinion  which 
some  might  consider  essential  to  the  peHection  of  the  character  of 
a  philosopher,  seemed,  in  his  case,  the  proper  developement  of  that 
natural  benevolence  and  humanity  which  made  him  so  justly  beloved 
in  every  relation  of  life,  whether  as  a  husband,  a  father,  and  a  brother, 
— as  a  master,  a  landlord,  and  a  friend. 

Mr.  Gilbert  was  the  author  and  editor  of  several  antiquarian  and 
other  works  relating  to  his  native  county,  whose  interests  he  always 
laboured  to  promote  with  more  than  common  zeal  and  patriotism. 
He  was  President  of  the  Cornish  Geological  Society  from  the  period 
of  its  first  establishment  in  1814,  and  he  never  omitted  attending 
its  meetings,  though  on  the  last  occasion  he  was  so  weak  as  to  be 
compelled  to  resign  the  chair  to  his  friend  and  countryman  Sir 
Charles  Lemon.  In  1808,  he  married  Miss  Gilbert,  and  assumed 
her  name  in  1817,  on  succeeding  to  a  very  large  property  in 
Sussex.  The  same  simple  and  unafiected  character  which  distin- 
guished him  in  public  life  was  still  more  conspicuous  in  his  domestic 
relations.    He  died  on  the  24th  of  December  last,  and  his  body  was 

•  For  1830,  Part  I.  p.  121.  f  For  1831,  Part  II.  p.  341. 

ll  Abstracts  of  the  two  papers  here  referred  to  will  be  found  in  Phil. 
Mag.  and  Annals,  N.  S.,  vol.  vii.  p.  449,  vol.  ix.  p.  37.  Mr.  Gilbert 
communicated  a  paper  on  the  Regular  or  Platonic  Solids,  in  Phil.  Mag.  and 
Annals,  N.  S.  vol.  iii.  p.  161  ;  and  in  vol.  ix.  p.  200,  appears  his  original 
statement  respecting  the  legacy  of  the  late  Earl  of  Bridge  water.] 

[§  Addresses  delivered  to  the  Royal  Society  by  Mr.  Gilbert,  will  be 
found  in  Phil.  Mag.  and  Annals^  N,  S,  vol.  iii,  p.  50^  vol.  vii.  p.  33,  and 
vol.  ix.  p.  39.— Edit.] 
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borne  to  tlie  grave  by  Im  own  laboureifi^  and  followed  by  his  widow 
and  ittmily  in  tkat  psimitive  and  unosteiUatious  form  whicii  best 
suited  .the  skuplioity  «Dd  natural  humility  of  his  own  ohaimcter. 

Dr,  Samubx..Bvtjlbr,  Bishop  of  Lichfield,  was  born  in  1774,  at 
Kenilworlh,wfaieh  was  likewise  the  bkthi^laoeof  two  other  oonteoipo* 
rary^ppelatesof  ouvchorclu  He  was  educated  at  Rugby*  and  became 
afterwavds  a. member  of  Su  Johns  College,  Cambridge,  where  he 
gained  the  highest  classioal  honours  which  the  University  could 
ooafer.  -  la  1798  he  waa  made  Head  Master  of  Shrewsbury  School, 
over  which  he  contimied  topresideduring  aperiod  of  thirty-eight  yean. 
His  great  acquirements  as  a  scholar,  his  eminent  skill  as  a  teacher^ 
his  aotire  interest  in  the  welfare  of  his  pupils,  and  the  tact,  and 
knowledge  of  character  which  he  showed  in  their  managemeaty  all 
contributed  to  raise  the  school  to  the  highest  jreputatioin,  and  to  give 
it»  during  many  years,  the  pne^eminence  over  eveiy  other  school  ia 
the  kingdom  in  .the  number  and  rank  of  the  academical  honours 
which  were  gained  by  his  acholars.  The  date  of  his.  elevation  to 
the  Beaoh  was  nearly  contemporaneous  with  the  appeamnce  of  tbat 
fatal  disease  wfaicbt  after  three  yeam  of  the  most  depressing  suffer* 
ings,  bornewilh  most  exemplary  patience  and  resignation,  brought 
him  to  the  grave.  He  :i¥aaa  maa  of  great  oheerfubiess  of  temper 
and  dispoflttios,  kind,  affectionate, and  gen^Y>us  in  every  relatiou  of 
life,  and  justly  the  ol^ct  of  the  grateful  attachment  and  Jove  of  his 
numerous  pupils* 

Dn  Butibsr  was  the  author  of  an  elaborate  edition  of  ^schylas, 
with  the  notes  and  texttof.  Stanly,  and  of  several  educational  and 
other  works*  He  formed  a  very  extensive  library ;  andhis.coUeotioa 
of  Aldinesy  which  is  unhappily  now  dispersed,  was  perhaps  the 
most  compieto  in  Europe.  One  of  .bis  last  works  was  an  interest- 
ing memoir  of  Dr.  John  Johnstoner  of  Birmingham,  with  whona  he 
h«d  long  been  connected  by  the  bonds .  of  the  mot$t  affectionate 
friendship. 

Mn  Jamxs  Prinsep,  whose  brilliant  career  of  research  and  did- 
CO  very  has  been. closed  by  .a  premature  death  in  the  flower  of  his  age» 
was  Principal  Assay  Master,  first  of  the  Mint  at  Benajres,  and  secondly 
of  that  of  Calcutta,  wherebe  succeeded  Professor  Wilson  in  1833 ; "  he 
was  a  young  man  of  gveat  eneigy  of  character^  of  the  most  indefati- 
gable industry,  and  of  very  extraordinary  accomplishments ;  he  was 
an  excellent  assaybtand  analytical  chemistraod  well  .acquainted  with 
almosteverydepartment  of  physical  science ;  a  draughtsman,  an  en« 
graver,  an  architect,  and -an  engineer;  a  good  Oriental  scholar,  and 
one  of  the  most  profound  and  learned  Oriental  medallists  of  his  agew 

In  1828  he  oemmunicatod  to  our  Society  a  paper  *^  On  the  Mea^ 
sur^aent  oi  High  Temperatures,"  in  which  he  described,  amongst 
other  ingenious  contrivances  for  ascertaining  the  order,  though  not 
the  degree,  of  high  temperatures,  an  air*thermometer  applicable  for 
this  purpose,  and  determined  by  means  of  it,  probably  much  more 
accurately  than  heretofore,  the  temperature  at  which  silver  enters 
into  fusion*. 

[*  See  Phil.  Mag.  and  Annals,  N.  S.  vol.  iii.  p.  129/  and  vol.  x.  p.  356, 
note.— Edit.3 
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His  activity  whilst  resideBt  at  Benares  has  more  the  air  of  ro-> 
mance  than  reality.  He  designed  and  boih  a  mint  and  other  edi- 
fices ;  he  repaired  the  minarets  of  the  great  mosque  of  Aurengsebe, 
which  threatened  destruction  to  the  neighbouring  liouses ;  he  drain* 
ed  the  city  and  made  a  statistical  survey  of  it,  and  illustrated  by  his 
own  beautiful  drawings  and  lithographs  the  mostremarlcable  objects' 
which  the  city  and  its  neighbourhood  contains ;  he  made  a  series  of 
experimental  researches  on  the  depression  of  the  wet*bulb  hygro* 
meter ;  he  determined  from  his  own  experiments  the  values  of  the 
principal  coins  of  the  East,  and  formed  tables  of  Indian  metrology 
and  numismatics,  and  of  the  chronology  of  the  Indian  systems  and 
of  the  genealogies  of  Indian  dynasties,  which  possess  the  highest 
authority  and  value. 

When  transferred  to  Calcutta,  he  became  the  projector  and  editor 
of  the  '*  Journal  of  the  Asiatic  Society  of  Bengal,"  a  very  voluminous 
publication,  to  which  he  contributed  more  than  one  hundred  articles 
on  a  vast  variety  of  subjects,  but  more  particularly  on  Indian  coins 
and  Indian  Palaeography.  He  first  succeeded  in  deciphering  the 
legends  which  appear  on  the  reverses  of  the  Greek  Bactrian  coins, 
on  the  ancient  coins  of  Surat,  and  on  those  of  the  Hindoo  princes 
of  Lahore  and  their  Mahomedan  successors,  and  formed  alphabets 
of  them,  by  which  they  can  now  be  readily  perused.  He  traced  the 
varieties  of  the  Devanagari  alphabet  of  Sanscrit  on  the  temples 
and  columns  of  Upper  India  to  a  date  anterior  to  the  third  century 
before  Christ,  and  was  enabled  to  read  on  the  rocks  of  Cuttock 
and  Gujarat  the  names  of  Antiochus  and  Ptolemy,  and  the  record 
of  the  intercourse  of  an  Indian  monarch  with  the  neighbouring 
princes  of  Persia  and  Egypt ;  he  ascertained  that,  at  the  period  of 
Alexander's  conquests,  India  was  under  the  sway  of  Boudhist  sove* 
reigns  and  Boudhist  institutions,  and  that  the  earliest  monarchs  of 
India  are  not  associated  with  a  Brahminical  creed  or  dynasty.  These 
discoveries,  which  throw  a  perfectly  new  and  unexpected  light  upon 
Indian  hbtoiy  and  chronology,  and  which  furnish,  in  fact,  a  satisfac- 
tory outline  of  the  history  of  India,  from  the  invasion  of  Alexander 
to  that  of  Mohammed  Ghizni,  a  period  of  fifteen  centuries,  are  only 
second  in  interest  and  importance,  and  we  may  add  likewise  in 
difficulty,  to  those  of  Champollion  with  respect  to  the  succession  of 
dynasties  iu  ancient  Egypt. 

These  severe  and  incessant  labours,  in  the  enervating  climate  of 
India,  though  borne  for  many  years  with  little  apparent  inconveni- 
ence or  effect,  finally  undermined  his  constitution ;  and  he  was  at 
last  compelled  to  relinquish  all  his  occupations,  and  to  seek  for  the 
restoration  of  his  health  in  rest  and  a  change  of  scene.  He  ar- 
rived in  England  on  the  9th  of  January  hist ;  but  the  powers  both 
of  his  body  and  his  mind  seemed  to  have  been  altogether  worn  out 
and  exhausted ;  and  after  lingering  for  a  few  months,  he  died  on  the 
22nd  of  April  last,  in  the  forty-first  year  of  his  age.  The  cause  of 
literature  and  archaeology  in  the  East  could  not  have  sustained  a 
severer  loss. 

Sir  Anthony  Carlisle  was  bom  at  Stillington,  in  the  county 
of  Durham,  in  the  year  1768.    After  commencing  bis  professional 
Phil.  Mag.  S,  3.  Vol.  18,  No.  1 1 4.     Jan.  1841.  F 
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•ducation  at  York,  under  the  care  of  his  unofe,  he  became  a  stiideat 
at  the  Hunterian  School  of  Anatony,  in  Windmill  Street,  under 
Dr.  Baillie  and  Mr.  CruikBhank,  where  he  attracted  the  pajrticukr 
notice  of  John  Hunter.  He  subsequently  became  a  resident  papil 
of  Mr.  Henry  Watson,  one  of  the  most  emin^t  surgeons  in  the  me- 
tropolis, whom  he  succeeded  at  the  Westminster  Hospital  in  1793- 
In  1800  he  communicated  to  our  Transactions  a  paper  <<  On  a  Peca* 
liarity  in  the  Distribution  of  the  Arteries  sent  to  the  Limbs  of  Siow- 
movhig  Animals."  This  was  followed  by  many  others  cm  varioos 
points  of  oomparatiTe  and  human  anatomy,  including  his  psqi^s 
**  On  Muscuhur  Motion,'*  and  '*  On  the  Arrangement  and  Mecha- 
nical Action  of  the  Muscles  of  Fish,"  which  form^  the  Croonian  Lec- 
tures for  1 804  and  1806.  He  was  the  author  likewise  of  many  eom- 
munications  in  the  Transactions  of  the  Linnean  and  Horticnltnral 
Societies  and  in  other  contemporary  journals,  on  different  branches 
of  natural  history  and  physical  science  *. 

*'  An  Essay  on  the  Connexion  between  Anatomy  and  the  Fine 
Arts,"  led  to  his  appointment,  in  1808,  to  the  Professorehip  of 
Anatomy  to  the  Royal  Academy,  a  situation  which  he  filled  with 
great  advantage  to  the  students  during  a  period  of  sixteen  years. 

Sir  Anthony  Carlisle  was  not  less  distinguished  for  his  know- 
ledge of  anatomy,  physiology,  and  natural  history,  than  ibr  his 
professional  merits,  and  for  his  patience  and  skill  as  an  instructor 
of  medical  students.  As  a  practitioner,  he  was  invariably  kind  and 
attentive  to  those  who  were  entrusted  to  his  care,  and  emineuUy 
liberal  in  devoting  his  professional  services  to  those  who  had  no 
adequate  means  of  repaying  them. 

Mr.  Nicholas  Atlward  Vigors  was  bom  in  1787,  Rt  Old 
LeigMin,  in  the  county  of  Carlow,  where  his  ftunily  had  long  re- 
nded.  Afler  the  usual  preparatory  education,  he  proceeded  to  the 
University  of  Oxford,  where  he  became  a  very  dilieent  and  success- 
ful student.  On  quitting  the  University,  he  purchased  a  commis- 
sion in  the  Guards,  and  dtstingui^ed  himself  highly  at  the  battle 
of  Barossa,  by  continuing  to  bear  the  colours  of  his  regiment  aller 
he  was  severely  wounded.  On  his  return  from  the  Peninsula,  he 
was  prevailed  upon,  by  the  eainest  entreaties  of  his  family,  to  quit 
the  anny ;  and  he  devoted  himself  afterwards,  with  characteristic 
ardour,  to  scientific  and  literary  pursuits. 

Mr.  Vigors  was  one  of  the  founders  and  the  first  Secretary  of  the 
Zoological  Society,  to  whose  museum  he  gave  his  very  valuable 
collections  of  ornithology  and  entomology,  which  were  the  two 
branches  of  natural  history  he  had  most  carefully  studied.  He 
was  the  author  of  a  very  elaborate  paper  in  the  Linnean  Transac- 
tions f,  <<0n  the  Natural  Afiinities  which  connect  the  Orders  and 
Families  of  Birds,**  in  which  he  attempted  to  apply  in  detail  the 
same  principles  of  arrangement  that  Mr.  MacLeay  had  previously 

[*  In  1832,  Sir  A.  Carlisle  commumcated  to  us  some  official  docuasenta 
respecting  the  health  of  workmen  employed  in  the  sewers  of  WeBtmtnster 
and  the  existence  of  cholera  among  them,  which  were  inserted  in  L.  and 
E.  Phil.  Mag.  vol.  i.  p.  364.— Edit.] 

t  linnean  Transactions,  vol.  xiv. 
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sketched  out  in  his  Hor€B  Eniomologicm,  in  a  more  general  way, 
as  applicable  to  the  whole  animal  kingdom.  He  afterwards  pub- 
lished,  in  conjunction  with  Dr.  Horsfield,  anoUier  very  valuable 
memoir*  on  the  Birds  of  Australia,  grounded  upon  a  rich  collection 
from  that  country,  in  the  possession  of  the  Linnean  Society,  which 
they  described  and  arranged  according  to  their  natural  affinities. 
He  was  likewise  the  principal  editor,  during  several  years,  of  the 
"  Zoological  Journal,"  in  which  he  wrote  many  memoirs,  chiefly  de- 
voted to  the  further  exposition  of  his  views  with  respect  to  the 
affinities  of  birds,  but  some  of  them  descriptive  of  new  or  rare 
Mammalia,  or  new  forms  of  exotic  insects  or  birds  f. 

Mr.  Vigors  was  a  man  of  very  considerable  attainments  as  a 
scholar  as  well  as  a  naturalist:):,  ami  made  a  liberal  use  of  an  ample 
private  fortune  in  the  promotion  of  those  sciencee  which  he  culti- 
vated :  he  was  the  representative  in  Pariiament,  for  some  years  be- 
fore his  death,  first  of  the  city,  and  lastly  of  the  county  of  Carlo w. 

Mr.  RicKMAN  was  bom  in  1771,  and  educated  at  Westminster 
School,  from  whence  he  proceeded  as  a  student  to  Christ  Church, 
Oxford.  Early  in  life  he  was  recommended  by  Dean  Jackson  as 
Secretary  to  Mr.  Abbott,  the  Speaker  of  the  House  of  Commons, 
and  was  chosen  to  examine  and  digest  the  Parliamentary  returns 
under  the  first  Population  Act  in  1800,  a  duty  which  he  continued 
to  perform  at  the  three  succeeding  decennial  periods,  and  was  pre* 
paring  to  dischai^  it  for  the  fifth  time  during  the  present  year, 
when  he  was  attacked  by  the  disease  which  terminated  in  his  death. 
He  was  appointed  second  Clerk  Assistant  to  the  House  of  Com« 
mons  in  1815,  and  subsequently  Clerk  Assistant,  an  office  which 
he  continued  to  hiAd  for  the  remainder  of  his  life. 

The  introductions  to  the  "  Population  Returns,"  of  which  he  was 
the  author,  are  remarkable  for  the  very  ^le  analysis  which  they 
contain  of  the  general  condition,  changes  and  prospects  of  all  cUisses 
of  the  population  |. 

Mr.  Rickman  was  an  excellent  classical  scholar,  and  was,  in  ad- 
dittott  to  many  other  attainments^  extremely  well  acquainted  with 
many  branches  of  engineering  and  practical  mechanics.  He  was 
the  intimate  friend,  and  after  his  death  the  executor,  of  the  late 
Mr*  Telford,  whose  autobiography  he  published,  with  a  (M^ace  and 
an  atlas  of  engravings  descriptive  of  his  principal  works»  which  is 
in  every  way  worthy  of  the  &me  of  that  great  engineer. 

*  Linnean  Transactions,  vol.  xv. 

[f  Mr.  Vigors's  name  has  very  frequently  appeared  in  our  pages,  from 
the  time  when  he  first  became  known  as  a  naturalist  to  a  very  recent  period. 
Abstmcts  of  many  papers  by  him  occur  in  the  Proceedings  of  the  Zoologi- 
cal Society,  beginning  in  Phil.  Mag.  and  Annals,  N.  S.,  vol.  ix.  p.  54,  and 
continued  tbrou^  that  and  the  present  series. — Edit.] 

[X  Mr.  Vigors  was  the  author  of  "  An  Inquiry  into  the  Nature  and  Ex- 
tent of  the  Poetic  Licence,"  of  which  a  second  edition  appeared  in  1813, 
Loud.  8vo. — ^Edit.] 

[§  A  review  of  the  Introductions  to  the  Population  Returns  (from  the  pen, 
we  may  now  mention,  of  the  Isfte  George  Harvey,  F.R.S.),  was  inserted  in 
L.  &  E.  Phil.  Mag.  vol.  i.  p.  213.— Enix.] 
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Sir  Jeffrey  Wyattville,  member  of  the  Royal  Academy  and 
a  distinguished  architect,  was  a  member  of  a  family  which  has  long 
been  honourably  connected  with  the  arts.  He  was  bom  in  1766, 
and  acquired  a  knowledge  of  bis  profession  under  the  instructioos 
of  his  father  and  uncle,  and  was  subsequently  employed,  daring 
many  years,  in  the  somewhat  ambiguous  capacity  of  architect  ami 
builder  in  the  execution  of  many  considerable  works.  In  1824  he 
was  selected  by  George  IV^  to  whom  he  had  been  fbrmeriy  known, 
to  design  and  superintend  the  magnificent  alterations  and  additions 
to  Windsor  Castle,  a  truly  royal  and  national  woi^k,  in  which  he 
succeeded  in  combining  nncdmmon  external  grandeur  and  strict 
architectural  propriety  with  great  convenience  and  splendour  of 
internal  arrangements.  Sir  Jeffrey  Wyattville,  besides  many  im- 
portant briginal  worits,  made  veiy  extensive  additions  to  the  princi* 
pal  mansions  of  our  nbbility,  including  Chatsworth,  Longleai  Wo- 
burn,  Badminton,  and  AshrTdge.  He  was  a  man  of  sound  judg- 
ment and  great  integrity,  and  was  very  generally  beloved  for  the 
remarkable  simplicity  and  frankness  of  his  manners,  his  great  kind- 
ness of  heart,  and  cheerful  and  unaffected  good  humour.  He  died 
in  February  last,  and  was  buried  in  St  George's  Chapel,  at  Wiudsor, 
in  a  vault  which  he  had  himself  prepared  for  the  reception  of  the 
remains  of  a  beloved  daughter,  who  died  in  the  flower  of  her  age. 

Captain  (Charles  Phillipps,  of  the  Royal  Navy,  was  the  author 
of  several  inventions  of  great  value  in  navigation,  and  in  the  equip- 
ment and  management  of  ships :  such  are  his  methods  of  suspending 
compasses  so  as  to  avoid  concussions  in  time  of  action ;  his  improve- 
ment of  the  pump-dale  of  ships,  and  more  partiQularly  the  capstan, 
which  bears  his  name,  and  which  is  in  general  use  in  the  Navy.  He 
was  an  active  and  enterprising  officer,  who  had  seen  much  service 
during  the  last  war,  had  been  eminently  successful  in  rescuing 
slaves  off  the  coast  of  Africa,  and  had  nearly  fallen  a  victim^  in 
common  with  the  greatest  part  of  his  crew,  to  that  pestilential  cli- 
mate. 

Sir  Robert  Seppinos  received  hiseducation  as  a  shipwright  under 
the  late  Sir  John  Henslow,  Surveyor  of  the  Navy,  md  continued 
in  connexion  with  the  important  service  of  our  dock-yards  during  a 
period  of  fifty  years.  He  was  the  author  of  many  important  im- 
provements in  our  naval  architecture,  including  his  system  of  dia- 
gonal bracing  and  trussing,  which  formed  the  subject  of  two  memo- 
rable Papers  in  our  Traosaotions  in  the  years  1814*  and  1818  ft  and 
which  attracted  an  unusual  amount  of  public  attention.  The  great 
principle  of  this  method  was  such  an  arrangement  of  the  principal 
timbers  as  would  expose  a  powerful  mechanical  action  to  every 
change  of  position  of  the  ribs  and  other  timbers  in  every  part  of 
the  ship  ;  thus  firmly  compacting  together  the  entire  fabric,  aod 

*  On  a  New  Principle  of  Constructing  His  Majesty's  Ships  of  War.— 
Phil.  Traas.  1814,  p.  28.  [See  Phil.  Mag.  Furst  Series,  vol.  xliii.  pp.  288. 
305 ;  vol.  iL\y.  p.  37^ 

t  On  the  great  strength  given  to  Ships  of  War  by  the  application  of 
Diagonal  Braces.— Phil.  Trans.  1818,  p.  1, 
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preyentiog  that  perpetual  racking  of  beams  aad  working  of  joints, 
which,  in  the  ancient  system  of  ship-building*  produced  hogging, 
creaking,  leakage,  and  rapid  decay  ;  and  filling  up  likewise  every. 
vacuity  between  the  timber^,  which  were  occasionally  the  unavoid- 
able receptacles  for  foul  air,  filth,  vermin,  and  various  other 
sources  of  rottenness  i^nd  disease/ 

These  important  improvements,  though  opposed  to  the  inveterate 
pr^adioes  of  the  older  shipwrights,  a  body  of  men  who  have  not 
sufficiently  valued  and  understood,  in  this  country  at  least,  the  just 
principles  of  mechanical  action,  in  the  practical  operation  of  ship- 
building, were  universally  adopted  in  the  Navy  under  the  enlight- 
ened administration  of  Mr.  Charles  York,  and  the  powerful  advo- 
cacy of  Sir  John  Barrow*  ;  and  the  merit  of  their  author  was  ac- 
knowledged by  his  ^pointment  as  Surveyor  of  the  Navy,  and  by 
the  award  of  the  Copley  Medal  of  this  Society. 

This  was  not  the  only  important  improvement  which  Sir  Robert 
Seppings  introduced  into  our  system  of  naval  architecture.  The 
Admiralty  presented  him  with  £1000  as  a  reward  for  his  simple 
yet  most  useful  invention  of  an  improved  block  for  supporting  ves- 
sels, by  which  their  keels  and  lower  timbers  were  .much  more  easily 
and  promptly  examined  and  repaired.  His  plan  for  lifting  masts 
out  of  the  steps,  which  superseded  the  employment  of  sheer  hulks 
for  that  purpose,  has  been  the  means  of  saving  much  expense  and 
labour.  His  new  mode  of  framing  ships  has  led  to  a  much  more  ex- 
tensive use  of  short  and  small  timbers,  which  were  formerly  of  little 
value  ;  but  the  most  valuable  of  all  the  reforms  of  construction  for 
which  the  Navy  of  England  is  indebted  to  him,  was  the  substitution 
of  round  for  flat  sterns,  which  aflbrd  increased  strength  to  the  frame- 
work of  the  ship,  greater  protection  against />ooptVi^  in  heavy  seas, 
an  almost  equal  power  of  anchoring  by  the  stem  and  by  the  bow,  a 
more  secure  and  effective  position  for  the  rudder,  and  a  stout  platform 
for  a  powerful  battery,  embracing  a  sweep  of  more  than  180^.  This 
capital  improvement  was  strenuously  opposed  by  many  distinguished 
naval  officers,  who  regretted  the  loss  of  those  magnificent  cabins, 
which  were  better  suited  for  purposes  of  state  than  of  service;  but 
the  good  sense  of  less  prejudiced  judges  happily  prevailed,  and  se- 
cured for  our  ships  of  war  an  additional  claim  upon  the  respect  of 
oar  enemies. 

Foreign  nations  have  not  been  tardy  to  acknowledge  the  vahie  of 
these  important  improvements,  and  their  author  received  many  sub- 
stantial proofs  of  their  sense  of  his  merits ;  and  we  may  safely  affirm, 
that  in  the  national  record  of  the  great  benefactors  of  their  country, 
there  are  few  names  which  will  deserve,  and,  we  trust,  eontinne  to 
receive,  a  more  grateful  commemoration  than  that  of  Sir  Robert 
Seppings. 

It  has  long  been  the  practice  of  the  Royal  Society  to  associate 
with  its  body  those  persons  in  our  country  who  arc  most  eminent 
for  their  high  rank  or  their  commanding  talents,  for  their  distin- 
guished public  services,  for  tiieir  accomplishments  in  the  arts, 

*  In  very  able  articles  in  the  24th  and  43rd  Numbers  of  the  Quarterly 
Review. 
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for  their  attainments  in  literature,  for  the  important  influence  which 
their  virtues  or  labours  may  have  exercised  upon  the  character  and 
prospects  of  society,  or  upon  the  general  interests  of  humanity; 
wisely  judging  that  science  will  gain  both  in  the  enlargement  of  its 
objects  and  in  the  dignity  and  estimation  of  its  cultivators,  by  being 
thus  united  with  whatever  is  best  entitled  to  command  and  to  re- 
ceive the  admiration  and  respect  of  mankind :  it  is  amongst  this 
class  of  our  Members  that  I  have  to  notice  several  losses  of  more 
than  ordinary  importance. 

The  Earl  or  Mansfield  was  a  nobleman  of  illustrious  family, 
who,  in  addition  to  many  other  accomplishments,  was  one  of  the 
most  elegant  and  effective  parliamentary  orators  of  his  day. 

Lord  Holland  was  Chancellor  of  the  Duchy  of  Lancaster,  and  a 
nobleman  who  was  remarkable  for  his  profound  knowledge  of  the  con- 
stitutional history  of  his  country,  and  for  the  extent  and  variety  of  his 
literary  attainments*.  It  was  the  remark  of  a  well-known  philoso- 
phical author  and  writer,  <*  that  there  was  something  so  sweet  in  the 
blood  of  the  Foxes,  that  no  one  could  approach  them  without  feeling 
the  fascination  of  their  social  powers  :  "  and  there  was  probably  no 
man  of  his  age  who  was  the  object  of  more  enthusiastic  love  and 
admiration  of  his  friends,  private  and  political,  than  Lord  Holland. 

Sir  William  Sydney  Smith  was  a  hero  in  the  most  chivalrous 
period  of  our  naval  history,  the  scenes  of  whose  early  triumphs  have 
so  recently  been  rendered  illustrious  by  others  of  an  equally  memo- 
rable character. 

Sir  John  Lubbock  was  one  of  those  persons  engaged  in  trade 
whose  extensive  transactions  and  liberal  views  give  dignity  to  the 
operations  of  commerce :  it  is  not  one  of  the  least  distinctions  of 
such  a  father,  that  his  name  and  honours  have  been  inherited  by  one 
whose  profound  acquirements  in  the  most  difficult  branches  of  sci- 
ence have  merited  and  received  the  highest  honours  which  this  So- 
ciety is  able  to  confer. 

In  our  foreign  list  we  have  to  lament  the  loss  of  three  of  our 
most  illustrious  members,  Blumenbach,  Olbers,  and  Poisson. 

John  Friedrich  Blumenbach  was  bom  on  the  11th  of  May> 
1752,  at  Gotha,  where  his  father  was  Prorector  of  the  Gynmasium. 
He  was  accustomed  to  attribute  the  formaticm  of  his  taste  for  lite- 
rary history  and  the  study  of  the  natural  sciences  to  the  instructions 
and  encouragement  of  Maix  and  Christ,  two  professors  of  Leipsig, 
who  M'ere  friends  and  fellow-townsmen  of  his  father.  After  study- 
ing for  some  time  at  Jena,  he  removed  to  Gbttingen,  for  the  pur- 
pose of  completing  his  medical  course,  where  he  was  very  favour- 
ably noticed  by  Heyne  and  Michaelis,  and  more  particularly  by 
Biittner,  Professor  of  Natural  History,  a  great  linguist,  and  a  man 
of  very  extraofdinary  acquirements,  whose  museum  of  medals  and 
natural  history,  when  afterwards  purchased  by  the  University,  he 
was  employed  to  arrange.    The  skill  and  diligence  which  he  showed 

♦  He  was  the  author  of  a  most  elegant  account  of  the  life  and  writings 
of  Lope  de  Vega,  accompanied  by  some  beautiful  translations  of  his  more 
remarkable  poems. 
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in  this  employment,  and  the  reputation  of  his  orofeBsional  and  other 
attunments,  secured  him  the  appointment  of  Extraordinary  Pro- 
fessor of  Medicine  in  1776»  and  of  Ordinary  Professor  in  1778,  a 
situation  which  he  continued  to  hold  for  nearly  sixty  years. 

His  lectures  comprehended  Natural  Hbtory,  Comparative  Anato- 
my, Physiology  and  Pathology,  on  all  which  subjecta  he  published 
many  valuable  memoirs  and  other  works,  more  particularly  his 
admirable  ManucUs,  which  have  Ions  enjoyed  an  extraordinary 
popularity,  and  which  have  been  translated  into  nearly  every  great 
European  lansuage. 

The  first  of  this  series  of  publications  was  the  **  Handbuch  der 
Naturgeschichte,"  which  appeared  in  1779.  In  his  *'  Institutiones 
Physiologicse,'*  a  work  equally  remarkable  for  the  originality,  pre- 
cision and  clearness  of  its  statements,  which  was  publi&ed  in  1787» 
he  made  known  his  views  on  the  ^^  biKdungs  trieb,"  or  ^  Nians  for^ 
mativtts,"  which  be  had  b^ore  'announced  in  the  Gottingen  Trans- 
actions for  1785,  and  which  he  made  the  subject  of  a  special  work 
in  1789*.  His  "  Speoimeos  of  the  Physiology  of  Warm-  and  Cold- 
blooded Animals,"  appeared  in  1789.  In  1794>  he  published  in  our 
Transactions,  '*  Observations  on  some  Egyptian  Mummies  opened  in 
London  in  1792,"  with  especial  reference  to  the  three  distinct  varie- 
ties of  national  physiognomy  which  appear  amongst  them.  His 
^  Handbuoh  der  vergleichenden  Anatomic"  appeared  in  1805,  and 
showed  how  fully  he  already  appreciated  the  important  views  of 
Cuvier,  which  elevated  Con^iarative  Anatomy  from  a  merely  de- 
scriptive science  to  one  which  was  capable  of  the  most  instructive 
generalizations,  and  affording  the  means  of  distinguishing  types  and 
laws  of  formation,  as  well  for  different  organs  as  for  difibrent  classes 
of  animals. 

The  term  nisutfomuUivus  was  employed  by  Blumenbach  to  denote 
that  viial  power  which  is  innate  in  all  living  organized  bodies,  and  in 
active  operation  during  the  whole  period  of  their  vital  existence, 
by  which  they  are  controlled  and  modified  with  reference  to  a  speci- 
fied end ;  it  is  that  power  by  which  the  organizable  matter  of  every 
individual  being  assumes,  at  its  conception,  its  allotted  form ;  which 
form  is  also  capable  of  successive  modifications  by  nutrition,  accord- 
ing to  the  purpose  for  which  it  is  destined  by  the  Author  of  Nature, 
as  well  as  of  the  reparation  (within  presoribed  limits)  of  the  iz\iaries 
which  it  may  have  received.  The  announcement  of  this  principle 
was  received  with  eztnumiinary  favour  by  physiologists,  thoiteh  it 
differed  in  little  more  than  in  name  from  the  vis  essetUialu  of  the 
celebrated  Wolff.  It  will  be  found  to  have  formed  the  bai»is  of  some 
of  his  important  speculations. 

Blumenbach  8  well-known  collection  of  the  crania  of  the  different 
races  of  mankind  was  made  with  a  view  to  their  more  accurate 
classification,  and  gave  rise  to  some  of  his  more  celebrated  pub- 
lications f.    According  to  his  ultimate  views,  he  would  make  the 

*  Ueber  den  Bildungs  trieb. 

t  Collectio  Decad.  vi.  cranionun  diversarom  gentium  tabulis  60  aeneis 
illustrata:  l70O-~IS2O.    De  generis  hnmani  varietate  nativl^  i  17S5. 


Digitized 


by  Google 


72  Royal  Sockty  i'^Annher$a9y  Address  9/ t/ie  President  : 

Caucasian  race  tba  priiosury  sicon,  from  wliioh  «U  the  others  hare 
degenerated  to  the  Mongol  at  one  extremity,  and  the  ^tiriopio  at 
the  other,  interposing  the  Ameiican  variety  betweeii  the  Caucasinn 
and  the  MoogoU  and  the  Malay  between  <the  Caucasian  and  the 
JEthiopic :  it  is  difBcuU,  however,  to  arrive  at  very  <x>rrect  general 
conclusions  on  this  very  interesting  subject,  witfaN>ut  reference  to 
those  which  are  founded  on  the  aiukk>gies  of  language,  as  has  been 
done  by  Cuvier  and  Prichard* 

It  is  quite  impossible,  within  the  short  compass  to  which  this 
notice  is  necessarily  confined,  to  convey  more  than  a  very  general 
impression  of  the  vast  variety  of  the  lfli)0urs  of  this  distinguished 
philosopher.  We  find  him  applying  his  knowledge  of  natural  his* 
tory  in  iUustration  of  the  arts  and  poetry  of  antiquity*;  he  was 
also  one  of  the  first  naturalists  who  appreoiatedthe  importance 
of  a  knowledge  of  fossils  in  determining  the  relative  ages  of  the 
strata  of  the  earth  f.  He  had  cultivated  arehseology  and  literary 
history  j;  from  his  earliest  years  with  more  than  eonmum  interest  and 
zeal.  There  were,  in  fact,  few  -departments  of  knowledge  and  litera- 
ture, however  remotely  connected  with  the  natural  sciences,  which 
he  has  not  illustrated  by  his  writings :  it  was  when  thus  travelling 
into  provinces  of  knowledge  which  were  somewhat  foreign  to  his 
own,  that  he  was  accustomed  to  qaote  the  adage  of  iSeneca :  '*  tSoko 
et  in  cUiena  ca9ira  trgtuire^  non  tanquam  iransfugOi  sed  ianquam 
explaratar" 

Blumenbach  had  long  been  considered  as  the  patriarch  of  the 
University  of  Gottingen,  and  wasallowed  the  full  privii^es  attached 
to  his  distinguished  reputation,  to  the  memory  of  his  long  services, 
and  to  the  respect  due  to  his  venerable  old  age ;  he  retained  his 
usual  cheerfulness,  his  memory,  and  much  of  his  ancient  aetlvify, 
until  nearly  the  close  of  his  life.  He  died  on  the  912nd  of  JamiHry 
last,  in  the  88th  year  of  his  age,  a  memonible  proof  that  the  tran- 
quil pursuits  of  science  and  the  gentle  stimulus  of  constant  though 
not  laborious  employments  are  equally  favourable  to  contentment  of 
mind  and  length  of  days. 

The  name  of  the  Tenerable  Dr.  Olbsrs,  of  Bremen,  must  be  for 
ever  memorable  in  the-  annals  of  astronomy,  as  the  discoverer  of  tvi^o 
fdanets  in  oursystem.  Hewas  a  memberof  that  remarkable  association 
of  twenty-four  astronomers  which  the  indefatigable  Baron  de  Zach  of 
Gotha  had  formed  towards  the  close  of  the  last  century,  who  under- 
took the  vigilant  observation  of  as  many  zones  of  the  heavens,  with  a 

'  *  Spedmen  historise  naturalis,  antiquee  artis  operibus  illustratse  eaque 
vicisftim  illnstrantis  :  1803.    Com.  Acad.  Gott.,  torn.  xvi. 

Specimen  historise  naturalis  ex  auctoribus  classicis,  presertim  poetis, 
iliustratae  eosque  vicissim  illustrantis:  1815.  Com.  recent.  Acad.  Gott., 
torn.  cxi. 

t  Beitrage  zur  Naturgeschichte  der  Vorwelt :  1790.  Specimen  arch»o- 
logice  telluris  terrarumque  imprimis  Hannoveranarum  :  1801.  Also  Com* 
ment.  Acad.  Gott.,  torn.  xv.  p.  132—156.  Com.  recent.  Acad.  Gott.,  torn, 
cxi.  pp.  3—24. 

X  His  "  Introductio  in  Historiam  Medicins  Literariam/'  published  in 
1786,  is  a  most  instructive  specimen  of  scientific  bibliography.  - 
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general  view  of  disooveringiiew  ooraets  and  plati^fs,  and  of  recording 
any  remarkable  phsmomenathat  might  occur.  Their  zed  in  the 
pixMecutiMi  of  these  leseareheB '  had  t>een  slimulated  by  the  recent 
diacovery  of  Herdobel,  as  well  aft  by  the  rerivai  of  a  suggestion 
made  by  Kepler  of  the  probable  existence  of  a  planet  between 
Mars  andJapiter,  in  conformity  with  ode  of  those  mystical  ana- 
logies»  which  might  hav<e  been  treated  as  the  visionary  dreams 
of  an  enthusiast,  if  they  had  not  been  so  intimately  connected  with 
the  discovMy  of  the  great  laws  forming  the  true  basis  of  all  cor- 
rect knowledge  of  the  systemof  the  universe.  The  absence  like- 
wise of  a  planet  at  the  distance  fnom  the  sun,  represented  by  28,  that 
of  the  earth  being  10,  interfered  with  the  completeness  of  an  em- 
pirical law  which  Bode  of  Berlin  hiid  suggested,  and  was  not  with- 
out its  influence  in  confirming  their  faith  in  these  extraordinary  an- 
ticipations. The  labours  of  this  Association  had  been  hardly  organ- 
ized, when  the  remarkable  discovery  of  Ceres  by  Piazri  on  the  first 
day  of  the  present  century,  in  ahnost  the  precise  position  which 
Bode's  singular  law  had  assigned  to  it,  -seemed  at  once  to  convert 
their  dreams  into  realities.  Dr.  Olbers  calculated  ia  circular,  and 
Gauiss  an  elliptic  orbit  for  the  same  planet ;  and  so  wonderful  was 
the  accuracy  of  the  first  approximation  to  the  elements  which  the 
ktler  had  made,  that  they  enabled  Olbers  to  re^discover  it  on  the 
Isyt  of  January  1802,  exactly  one  year  after  it  had  been  first  ob- 
served. It  was  in  consequence  of  having  formed  a  configuration 
of  stars  in  the  geocentric  route  of  this  planet,  with  a  view  to  its 
beiag  DBore  readily  found,  that  he  discovered  Pa^as  on  the  25th  of 
March  of  the  same  year*,  at  nearly  the  same  distance  from  the  sunf, 
though  moving  fh  an  orbit  more  than  three  times  as  much  inclined 
to  the  plane  of  the  ecliptic  The  discovery  of  two  planets,  in  the  po- 
sition where  one  of  than  had  been  so  anxiously  sought  for :(,  induced 
Dr.  Olbers  to  conjecture  that  they  were  fragments  of  a  larger  planet, 
which  had  been  scattered  by  some  great  catastrophe,  and  that 
many  others  probably  existed  at  nearly  the  same  distance  from  the 
sun,  and  possessing  common  nodes :  he  therefore  earnestly  recom- 
mended astronomers  to  observe  most  carefully  those  spaces  of  Uie 
heavens  in  which  the  nodes  of  these  planets  are  placed ;  a  practice 
which  he  himself  observed  for  many  years.  His  exemplary  dili- 
gence was  rewarded  by  the  discovery  of  Vesta  on  l^e  29th  of  March, 
1807,  nearly  in  the  precise  position  in  which  he  had  coijeotured  thAt 
it  was  most  likely  to  be  found §.  This  was  the  last  of  those  remark- 
able discoveries  whose  history  illustrates  in  so  striking  a  manner  that 
union  of  profound,  yet  somewhat  visionary  speculation,  with  uncon- 

*  "  Ueberetnennenen  von  Dr.  Olhers  in  Bremen  endeckten  hochst  son- 
derbaren  cometen."    Zach's  Monatliche  Correspondenz  for  May,  1802. 

f  If  the  distance  of  the  earth  from  the  sun  be  1,  that  of  Ceres  is  2*7674, 
and  that  of  Pallas  2'7^7^i  the  difference  is  less  therefore  than  19,000 
miles. 

X  Their  essays  on  this  subject  were  generally  headed,  "  On  the  long-ex- 
pected Planet  between  Jupiter  and  Mars." 

^  The  longitude  of  the  ascending  node  of  Pallas  is  172^^  32'35'';  that 
ofVestaUiri''ft'37". 
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querable  peraeyemnce,  which  is  so  oharactmstic  of  the  German 
nation. 

His  well-known  method  of  calculating  the  orbitaof  coaets*  which 
has  been  so  generally  used  by  German  astronomers,  was  published 
at  Weimar  in  1797*>  with  a  commendatory  preface  by  his  zealous 
friend  the  Baron  de  Zach.  This  memoir,  independenUy  of  its  other 
merits,  is  sufficient  to  show  that  its  author  was  a  mathematician  of 
very  considerable  powers,  and  perfectly  acquainted  with  the  works 
of  contemporary  astronomers. 

Dr.  Olbers  was  a  diligent  observer  of  comets ;  and  there  are  few 
astronomers  who  have  contributed  so  much  to  our  knowledge  of 
these  singular  bodies.  He  was  the  discoverer  of  several  comets,  in- 
cluding the  celebrated  comet  of  long  period  of  1H15 ;  and  we  are 
indebted  to  him,  not  merely  for  very  important  suggestions  and  ob- 
servations respecting  the  celebrated  comet  of  Encke,  but  still  more 
for  having  developed  the  tasto  for  astronomioal  calculations  and 
observations  of  that  great  astronomer,  who  for  many  years  served 
him  in  the  capacity  of  assistant  in  his  observatory. 

The  Baron  de  Zach  visited  this  observatory  in  September,  1800  f, 
and  has  described  the  simple  apparatus  which  enabled  him  to  make 
so  many  important  discoveries.  It  was  placed  in  the  upper  part  of 
his  house  in  the  midst  of  the  town  of  Bremen,  and  aiforded  openings 
or  platforms  sufficient  to  afford  a  command  of  nearly  every  point  of 
the  heavens.  His  instruments  were  an  excellent  five-foot  Dollond 
of  Sf  inches  aperture,  with  a  circular  micrometer  (which  he  used  in 
the  observation  of  the  small  planets),  a  five^foot  reflecting  telescope 
by  Schroter,  a  quadrant  by  Bird,  an  admirable  sextant  by  Troughton, 
and  a  dock  by  Castens  of  Bremen.  He  possessed  ho  transit  instru* 
ment  or  fixed  instruments  of  any  kind ;  yet  he  speedily  availed  him- 
self of  the  circumstances  of  his  locality  to  determine  his  time  with 
great  accuracy,  as  well  as  nearly  every  element  which  the  peculiar 
character  of  his  observations  rendered  necessary ;  so  fertile  are  the 
resources  of  genius  and  enterprize  to  overcome  difficulties,  which 
by  ordinary  men  would  be  abandoned  as  altogether  insuperable. 

Simeon  Denis  Poisson,  one  of  the  most  illustrious  men  of  science 
that  Europe  has  produced,  was  born  at  Pithiviers  on  the  21st  of 
June*  1781,  of  very  humble  parentage,  and  was  placed,  at  the  age 
of  fourteen,  under  die  care  of  his  uncle,  M.  L*Enfant,  surgeon,  at 
Fontainebleau,  with  a  view  to  the  study  of  his  profession.  It  was 
at  the  central  school  of  this  place  that  he  was  introduced  to  the  no- 
tice of  M.  Billy,  a  mathematician  of  some  eminence,  who  speedily 
discovered  and  fostered  his  extraordinary  capacity  for  mathematical 
studies.  In  1798  he  was  elected  a  pupil  of  the  ^cole  Polyteehnique, 
which  was  then  at  the  summit  of  its  reputation,  counting  amongst 
its  professors  Laplace,  Lagrange,  Fourier,  M onge,  Pronv,  Berthollet, 
Fourcroy,  Vauquelin,  Guyton  Morveau,  and  Chaptal.    The  pro- 

*  Abhandlung  ueber  die  lechteste  uud  bequemste  methode  die  Bahn 
etnes  cometen  aas  einigen  beobachtungen  zu  fa«rechnen. 
t  Monatliche  Correspondenz  for  Feb.  1801. 


Digitized 


by  Google 


Dedeaad  Fettowi  ."-^M^  foiMBon.  *  75 

grew  which  he  made  at  this  oelebrated  school  surpassed  the  most 
sanguine  expjectations  of  his  kind  patron,  M.  Billy,  and  secured  him 
the  steady  fnendship  and  support  of  the  most  distinguished  of  his 
teachers. 

In  the  year  1800,  he  pre&ented  to  the  Institute  a  memoir  "  Sur 
le  nombre  d'int^grales  completes  dont  les  Equations  aux  differences 
finies  sont  sttsceptibles,"  which  cleared  up  a  rery  difficult  and  ob* 
scure  point  of  analysis.  It  was  printed  on  the  recommendation  of 
Laplace  and  Lagrange  in  the  Memoireg  dea  Savana  Etrangers^  an 
unexampled  honour  to  be  conferred  on  so  young  a  man. 

Stimulated  by  this  first  success,  we  find  him  presenting  a  succes* 
sion  of  memoirs  to  the  Institute  on  the  most  important  points  of 
analysis,  and  rapidly  assuming  the  rank  of  one  of  the  first  geometers 
of  his  age.  He  was  successively  made  R6p6titeur  and  then  Professor 
of  the  F6lytechnic  School,  Professor  at  the  CoUdge  de  France  and 
the  Faculte  des  Sciences,  Member  of  the  Bureau  des  Longitudes, 
and  finally,  in  1812,  Member  of  the  Institute. 

His  oelebrated  memoir  on  the  ifwtKriabiUty  of  the  major  axes  of 
the  planetary  orbits,  which  received  the  emphatic  approbation  of 
Laplace,  and  secured  him  throughout  his  life  the  sealous  patronage 
of  that  great  philosopher,  was  presented  to  the  Institute  in  the  year 
1808.  Laplace  hMl  shown  that  the  periodicity  of  the  changes 
of  the  other  elements,  such  as  the  eccentricity  and  inclina- 
tioo,  depends  on  the  periodicity  of  the  changes  of  the  major 
axis;  a  condition,  therefore,  which  constitutes  the  true  basis 
of  the  proof  of  the  stability  and  permanence  of  the  system  of 
the  universe.  Lagrange  had  considered  this  great  problem  in  the 
Berlin  Memoirs  for  1776,  and  had  shown  that,  by  neglecting  certain 
quantities  which  might  possibly  modify  the  result,  the  expression 
n>r  the  major  axis  involved  periodical  inequalities  only,  and  that 
they  were  consequently  incapable  of  indefinite  increase  or  dimi- 
nution. It  was  reserved  to  Poisson  to  demonstrate  d  priori  that  the 
non-periodic  terms  of  the  order  which  he  considered  would  mu- 
tually destroy  each  other ;  a  most  important  conclusion,  which  re- 
moved the  principal  objection  that  existed  to  the  validity  of  the 
demonstration  of  Lagrange*. 

This  brilliant  success  of  Poisson  in  one  of  the  most  difficult  pro- 
blems of  physical  astronomy,  would  appear  to  have  influenced  him  in 
devoting  himself  thenceforward  almost  exclusively  to  the  application 
of  mathematics  to  physical  science ;  and  the  vast  number  of  memoirs 
and  works  (amounting  to  more  than  SCO  in  number)  which  he  pub- 

*  The  publication  of  this  memoir  recalled  the  attention  of  this  illustrious 
mathematician  to  a  subject  which  he  had  long  neglected*  and  gave  rise  to 
three  of  his  noblest  memoirs.  Poisson*  in  bis  "  M^moire  sur  le  Mouve- 
ment  de  la  Lune  autour  de  la  Terre/'  has  not  satisfactorily  shown  that 
the  major  axis  of  the  moon's  orbit  contuns  no  argument  of  long  period 
amongst  the  terms  which  involve  lower  powers  of  a  certain  quantity  m, 
which  denotes  the  ratio  of  the  sun's  mean  motion  to  that  of  the  moon, 
dian  the  fourth ;  a  demonstration  of  this  most  important  proposition  has 
been  given  by  Sir  John  Lubbock  in  the  Philosophical  Magazine  for  the 
present  year.    [L.  E.  &  D.  Phil.  Mag.  vol.  xvii.  p.  S88.] 
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lished  during  the  laflt  thirty  years  of  his  life,  made  this  departmeol 
of  mathematical  science,  and  more  particularly  whatever  related  to 
the  action  of  molecular  forces,  pre-eminently  his  own.  They  compre* 
hend  the  theory  of  waves  and  of  t^e  vibrations  of  elastic  substancoss 
the  laws  of  the  distribution  of  electricity  and  magnetism,  the  pro- 
pagation of  heat,  the  theory  of  capillary  attraction,  the  attractioii 
of  spheroids,  the  local  magnetic  attraction  of  ships,  important  pro* 
blems  on  chances,  and  a  multitude  of  other  subjects,  which  the 
time  allowed  for  this  notice  will  not  permit  me  to  mention.  His 
well-known  treatise  on  Mechanics  is  incomparably  superior  to  every 
similar  publication  in  the  clear  and  decided  exposition  of  principles 
and  methods,  and  in  the  happy  and  luminous  combination  of  the 
most  general  theories  with  their  particular  and  most  instructive  ap-i. 
plications. 

Poisson  was  not  a  philosopher  who  courted  the  credit  of  propound* 
ing  original  views  which  did  not  arise  naturally  out  of  the  immediate 
subjects  of  his  researches ;  and  he  was  more  disposed  to  extend  and 
perfect  the  application  of  known  methods  of  analysis  to  important 
physical  problems,  than  to  indulge  in  speculations  on  the  inven- 
tion or  transformation  of  formulae,  which,  however  new  and  elegant* 
appeared  to  give  him  no  obvious  increase  of  mathematical  power  in 
the  prosecution  of  his  inquiries.  His  delight  was  to.  grapple  with 
difficulties  which  had  embarrassed  the  greatest  of  his  preqecesaors, 
and  to  bring  to  bear  upon  them  those  vast  resources  of  analyais,  and 
those  clear  views  of  mechanical  and  physical  principles  in  their  most 
refined  and  difficult  applications,  which  have  secured  him  the  most 
brilliant  triumphs  in  neariy  every  department  of  physical  science. 

The  confidence  which  he  was  accustomed  to  feel  in  the  results  of 
his  analysis — the  natural  result  of  his  own  clear  .perception  of  the 
necessary  dependence  of  the  several  steps  by  which  they  were  de- 
duced— led  him  sometimes  to  accept  conclusions  of  a  9omewh«t 
startling  character :  such  were  his  views  of  the  constitution  and  finite 
extent  of  the  earth  s  atmosphere,  which  some  distinguished  philoso- 
phers have  ventured  to  defend*.  It  is  not  in  mathematical  reason- 
ings only  that  we  are  sometimes  disposed  to  forget  that  the  conclu- 
sions which  we  make  general  are  not  dependent  upon  our  assumad 
premises  alone,  but  are  modified  by  concurrent  or  collateral  causes, 
which  neither  our  analysis  nor  our  reasonings  are  competent  to 
comprehend. 

The  habits  of  life  of  this  great  mathematician  were  of  the 
most  simple  and  laborious  kind ;  though  he  never  missed  a  meet- 
ing of  the  Institute,  or  a  lecture,  or  an  examination,  or  any  other 
public  engagement,  yet  on  all  other  occasions,  at  least  in  his  later 
years,  he  denied  access  to  all  visitors,  and  remained  in  his  study 
from  an  early  hour  in  the  morning  until  six  o'clock  at  night,  when 
he  joined  his  family  at  dinner,  and  spent  the  evening  in  social  con- 
verse, or  in  amusements  of  the  lightest  and  least  absorbing  charac- 
ter, carefully  avoiding  every  topic  which  might  recall  the  severity  of 

[«  Noticed  by  Mr.  (now  Sir  John  W.)  Ubbock,  in  L.  E.  «e  D.  Phil.  Mag. 
vol.  xvii.  p.  469> — Edit.] 
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his  morning  occupations.  The  wear  and  tear,  however,  of  a  life 
devoted  to  such  constant  study,  and  the  total  neglect  of  exercise  and 
healthy  recreations,  finally  undermined  his  naturally  vigorous  con- 
stitution, and  in  the  autumn  of  1838  the  alarming  discovery  was 
made  tliat  he  was  labouring  under  the  fatal  disease  of  water  in  the 
chest  The  efforts  of  his  physicians  contributed  for  a  time  to  mitigate 
the  more  serious  symptoms  of  his  malady ;  but  every  relaxation  of 
his  sufibrings  led  to  the  resumption  of  his  labours ;  and  to  the 
earnest  remonstrances  of  his  friends,  and  the  entreaties  of  his  family, 
he  was  accustomed  to  reply,  that  to  him  h  vie  c^itait  le  travail;  119:^ ^ 
he  even  undertook  to  conduct  the  usual  examinations  of  the  Ecole 
Polytechnique,  which  occupied  him  for  nearly  ten  hours  a  day  for 
the  greatest  part  of  a  month.  This  last  imprudent  effort  ended  m  an 
attack  of  paralysis,  attended  by  loss  of  memory  and  the  rapid  ob« 
scuration  of  all  his  faculties;  he  continued  to  struggle,  amidst  alter- 
nations of  hope  and  despondency,  for  a  considerable  period,  and  died 
on  the  25th  of  April  last,  in  the  fifty-ninth  year  of  his  age. 

Poisson  was  eminently  a  deductive  philosopher,  and  one  of  the 
most  iDustrious  of  his  class ;  his  profound  knowledge  of  the  labours 
of  his  predecessors,  his  perfect  command  of  analysis,  and  his  extra- 
ordinary sagacity  and  tact  in  applying  it,  his  clearness  and  precision 
in  the  enunciation  of  his  problems,  and  the  general  elegance  of 
form  which  pervaded  his  investigations,  must  long  continue  to 
give  to  his  works  that  classical  characters  which  has  hitherto  been 
almost  exclusively  appropriated  to  the  4)roductions  of  Lagrange, 
Laplace,  and  Euler.  If  he  was  inferior  to  Fourier  or  to  Fresnel  in, 
the  largeness  and  pregnancy  of  his  philosophical  views,  he  was  in- 
comparably superior  to  them  in  mathematical  power :  if  some  of  his 
contemporaries  rivalled  or  surpassed  him  in  particular  departments 
of  his  own  favourite  studies,  he  has  left  no  one  to  equal  him,  either 
in  France  or  in  Europe  at  large,  in  the  extent,  variety,  and  intrinsic 
valne  of  his  labours. 

The  last  work  on  which  he  was  engaged  was  a  treatise  on  the 
theory  of  light,  with  particular  reference  to  the  recent  researches  of 
Cauchy :  neariy  two  hundred  pages  of  this  work  are  printed,  which 
are  altogether  confined  to  generalities,  whose  applications  were 
destined  to  form  the  subject  of  a  second  and  concluding  section : 
those  who  are  acquainted  with  the  other  works  of  Poisson  will  be 
best  able  to  appreciate  the  irreparable  loss  which  optical  science 
has  sustained  in  the  non-completion  of  such  a  work  from  the  hands 
of  snch  a  master. 


XIV.  Intelligence  and  Miscellaneous  Articles. 

LEFIDOMELANE — A  NEW  MINERAL. 

THIS  mineral  comes  from  Pirsberg  in  Wermeland;  Sweden,  and 
appears  to  be  a  species  of  mica  differing  from  others.     It  has 
been  analysed  by  M.  Soltman  in  M.  Wohler's  laboratory. 

This  mineral  is  a  granular  and  schistose  aggregate  of  small  cry- 
stals in  scales,  which  seldom  exceed  half  a  line  in  diameter;  their 
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fonn  is  irregttlfur,  but  in  some  cases  it  has  the  appeartiuse  of  six* 
sided  tables,  which  approach  a  regular  form ;  these  scales  are  rayen* 
black,  and  reflect  a  very  bright  green,  and  yield  a  gmn  powder. 
Separately  examined  they  are  flat  and  shining,  their  lustra  is  vitreous 
like  the  diamond,  with  very  brilliant  aggregated  faces.  They  are  not 
translucent,  but  when  very  amall  they  are  transparent.  It  is  diffi- 
cult to  state  their  cleavage  and  flexibility ;  theb  specific  grarity  is 
3' ;  hardness  on  Mohs's  scale  as  8.  It  is  thereisre  ba^er  thaoa 
the  mica  of  two  axes,  but  less  so  than  the  pearly  mica ;  it  is  rather 
brittle ;  it  is  rather  hard  to  the  touch,  but  leas  than  peariy  mica. 
Heated  to  redness  by  the  blowpipe,  it  becomes  of  a  tombac  brown 
colour,  with  the  metallic  lustre  of  magnetic  iron  ore.  It  gives  a 
bottle«green  colour  to  borax,  dissolves  readily  in  nitric  and  hy- 
drochloric acid,  and  the  silica  remains  in  soft  pearly  scales  and  ory- 
stiJline  form,  like  the  mica  of  one  axis.    It  yielded  by  analysia 

Silica 87-40 

Alumina 11*60 

Oxide  of  iron 37*66 

Protoxide  of  iron. « 13*43 

Magnesia  and  lime... 0*60 

Potash 9*fl0 

Water 0*60 

In  some  ai  its  charactea  this  mineral  resembles  a  species  of  mica 
which  M.  Breithaupt  has  described  under  the  name  of  Sideriscker 
Fdsg^immer,  or  Raben  Glimmer ;  but  as  the  anal3rsis  ai  this  haa 
not  been  given,  it  is  diflicult  to  ascertain  whether  diese  two  mtnerab 
belong  to  the  same  mineral  Bpedm.-'^L'Inititut,  No.  353. 


HTDROTELLURIC  JETHZR.      BT  M.  F.  WOHLER. 

The  existence  of  this  compound  is  interesting,  as  afibrding  a  fxteh 
proof  of  the  remarkable  analogy  which  exists  between  sulphur  and 
tellurium,  and  as  showing  that  the  latter  substance  may,  like  sul- 
phur,  enter  into  the  composition  of  organic  compounds,  and  replace 
oxygen  in  them. 

This  aether  is  readily  prepared  by  the  double  decompoution  of 
sulphovinate  of  barytes  and  telluret  of  sodium  ;  it  is  sufficient  for 
this  purpose  to  submit  solutions  of  these  two  substances  in  water  to 
distiUation.  llie  telluret  is  prepared  by  the  calcination  of  teUurium, 
or  the  native  telluret  of  bismuth  with  carbonate  of  soda,  mixed  with 
charcoal ;  and,  in  order  to  avoid  oxidation,  the  rough  product  is  im- 
mediately conveyed  to  the  retort  which  contains  the  boiling  solution 
of  sulphovinate.  The  hydroteUurie  sether  distils  with  the  water, 
yielding,  at  the  beginning,  much  froth  in  the  retort. 

This  substance  is  a  liquid  of  a  reddish -yellow  odour,  approaching 
the  coloiu-  of  bromine,  but  lighter ;  it  is  heavier  than  water,  and  thia 
dissolves  only  a  trace  of  it;  its  odour  is  disagreeable,  extremely 
penetrating,  and  remains  for  a  long  time;  it  partakes  of  the  smell 
both  of  hydrosulphuric  sther  and  hydrotellunc  acid,  and  it  appears 
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to  be  very  poisonous.  Its  boiling  point  is  below  212^;  it  readily 
takes  fire  and  barns  with  a  brilliant  white  flame,  terminated  by  a  blue 
which  is  quite  peculiar,  and  it  yields  a  very  thick  white  vapour  of 
telluric  acid.  This  sther,  when  exposed  to  the  air,  is  soon  covered 
with  a  pellicle,  which  is  at  first  yellowish,  becomes  afterwards  white, 
and  is  eventually  converted  into  tellurous  acid.  If  it  be  exposed  in 
a  vessel  to  the  direct  rays  of  the  sun,  it  immediately  exhales  vapour, 
and  its  oxidation  goes  on  much  more  rapidly  than  under  the  action 
of  difiused  light ;  the  action  even  of  pure  oxygen  gas  is,  however, 
never  sufficiently  energetic  to  inflame  the  aether.  Nitric  acid 
attacks  it  rapidly,  and  dissolves  it  with  the  disengagement  of  nitric 
oxide  gas ;  if  hydrochloric  acid  be  added  to  the  solution,  a  heavy 
colourless  liquid  separates  in  oily  drops ;  this  has  not  been  ex- 
amined. 

According  to  calculation,  hydrotelluric  sether  should  contain 
68*53  of  tellurium;  analysis  gave  68-75;  in  fact,  0'560  of  this 
aether  were  dissolved  in  nitric  acid,  and  hydrochloric  acid  was 
added ;  it  was  then  boiled  for  a  long  time,  after  which  the  addition 
of  sulphurous  acid  sq>arated  0*385  of  metallic  tellurium  dried  in 
vacuo.  This  product  is  therefore  simple  hydrotelluric  sther 
C^  H^  Te,  and  la  composed  of 

Hydrogen    SSS 

Carbon 26-14 

Tellurium    6853 


100- 
The  product,  oorresponding  to  mercaptan,  would  contain  81  per 
cent,  of  te&orium.— ^n.  de  Ch.  et  de  Pkys.,  75,  215. 

MKTEOROLOOICAL   OBSERVATIONS  FOR  NOV.  1840. 

Ckumidc — November  1.  Foggy:  imin.  2.  Showery:  fine.  S.  Foggy.  4. 
Dense  fog :  cker  and  fine.  5.  Bain :  6iie :  nua  at  ni^t.  6, 7.  Bain.  8.  Clear 
and  fine.  9.  Boiiterou*.  10.  Cloody  and  fine.  1  ] .  Hazy :  rain.  12.  Clear. 
13.  Boisterous  with  rain ;  barometer  veiy  low.  14.  Clear.  15.  Fine.  16. 
Cloudy  and  windy.  17.  Stormy  with  heavy  rain.  18.  Heavy  rain.  19.  Rain: 
fine.  20.  Very  fine.  21.  Stormy  with  nin.  29—24.  Fine.  25.  Dense  fog. 
26.  Sharp  frost.    27,  28.  Very  dense  fog.    29.  Foggy :  fine.    SO.  Overcast. 

HtsteM.— >Kov.  1.  Fine :  lightning  r.M.  2.  Stormy.  S»  4.  Cloudy.  5.  Rain: 
rain  early  a.v.  6.  Cloudy  :  rain  a.m.  7.  Cloady.  8.  Fine.  9.  Cloudy:  rain 
early  ▲•Ik  :  rain  A.if.  10,11.  Fine.  12.  Cloudy.  IS.  Bain  and  stormy  :  rain 
early  A.11.  14.  Cloudy.  15.  Ftne.  16.  Cloudy:  rain  early  a  jf.  17.  Cloudy: 
rain  A.M.  and  r.M.  18.  Fine.  19.  Clcudy:  rain  a.m.  and  r.ir.  2a  Fine.  21. 
Rain  and  stormy.  22.  Cloudy:  rain  early  a.m.  23.  Rain:  rain  early  a.m. 
£4*-aa  Fuie. 

JfypkgvHk  Uanae,  Duwtfria-Mre.—'So^,  h  Dull,  cloudy,  and  moist.  2. 
ahuWeiy  an  day.  3.  Very  fine.  4.  Wet  nearly  all  day.  5,  6.  Occasional  show. 
ers.  7.  Wet  a.m.  ;  cleared  up.  8.  Slight  showers.  9.  Bain  am,  :  cloudy  all 
day.  la  Rain  a.m.  :  moist  r.M.  11.  Thick  fog  all  day.  12.  Cloudy  and 
watery.  13.  Wet  and  stormy.  14.  Fair  after  rain  during  night.  15.  Fair  and 
fine :  fttisty  morning.  1 6.  Rain  and  high  wind.  1 7.  Fair  but  dull  and  threaun- 
ing.  18, 19.  Frost:  clear.  20.  Thaw:  cloudy.  21.  Heavy  rain  a.m.  i  cleared. 
23.  Fair  all  day.  23.  Bain  early  a. m.  24.  Fair  throughout  and  warm.  25» 
Drizzling  day.  26.  Frost  27.  Frost  :  very  hard.  28.  Frost;  threatened 
change,    29.  Cloudy:  drizzling,    sa  Moist  without  rain. 
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XV.     On  the  Combination  of  Hydrated  {the  Hydrate  qf)  Sul^ 

phuric  Acid  with  Nitric  Oxide,  By  M.  Aoolph  Rose*. 
'T^HERE  has  frequently.occurcedoflate  in  commerce,  a  sul- 
^  phuric  acid  which  is  more  or  less  contaminated  by  one  of 
the  oxides  of  nitrogen,  and  which,  treated  with  a  soUition  of 
copperas,  [eisenvltriol)  gives*at  times  a  dark  red,  at  times  a 
blackish-brown  colouring.  It  is  usually  considered  as  con- 
taminated by  nitric  acid,  which  is  said  to  originate,  partially 
by  the  decomposition  of  the  while  crystals,  which  are  frequent- 
ly, or  almost  always  formed  in  larger  or  smaller  quantities  in 
the  leaden  chambers  f,  partially  by  the  oxidation  ol  the  nitrous 
acid  in  tlie  chambers.  Those  crystals  consist,  according  to 
Gaultier  de  Claubry  and  Henry,  of  sulphuric  acid,  nitrous  acid 
and  water,  and  are  stated  to  be  decomposed  on  solution  in  wa- 
ter, into  sulphuric  acid,  nitric  acid,  and  evolving  nitric  oxide. 
This,  even  though  slight,  amount  of  nitric  acid,  in  English 
sulphuric  acid  of  commerce,  is  very  injurious  in  the  prepara- 
tion of  hydrochloric  acid,  as  on  the  employment  of  such  an 
acid  a  chloriferous  hydrochloric  acid  is  constandy  obtained. 

To  purify  the  sulphuric  acid  from  the  nitric  acid  and  sul- 
phate of  lead,  it  is  usually  subjected  to  distillation.  On  the 
distillation  of  a  sulphuric  acid  which  gave  a  strong  colouring 
with  copperas,  I  changed  the  receiver,  as  in  this,  according 
to  almost  all  works  on  chemistry;]:,  the  water  and  nitric  acid 

*  From  Poggendorfifs  Aniuden^yoX,  I.  p.  161.  Translated  and  commu- 
nicated by  MrTW.  Francis. 

f  [A  paper  on  the  composition  of  these  crystals  and  on  the  relations  of 
their  formation  in  the  manufacture  of  sulphuric  acid,  by  Dr.  S.  L.  Dana, 
appeared  in  Lood.  and  Eklinb.  Phil.  Mag.,  vol.  iii.  p.  1 16.— Boit.] 

X  Geiger's  Pharmacies  latest  edition,  p.  273. — Mitscherlich*B  Chevikf 

480. 
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are  contained.  To  my  astonishment,  however^  I  found  both 
this,  as  well  as  the  next  portion  distilled,  free  from  every  trace 
of  nitric  acid,  or  any  other  oxide  of  nitrogen ;  on  the  contrary, 
the  residuum  in  the  retort  was  consideraoly  more  contamina- 
ted by  one  of  these  oxides,  a  fact  which  I  subsequently  found 
Barruel*  had  already  drawn  attention  to,  and  which  had  been 
confirmed  by  Wackenroderf .  On  a  second  distillation,  for 
which  I  employed  4  pounds  of  the  same  acid,  I  obtained  the 
same  result,  somewhat  above  1^  pound  of  perfectly  pure  acid 
having  passed  over. 

Upon  this  I  mixed  4  pounds  of  pure  sulphuric  acid  veith 
4  ounces  of  nitric  acid  of  1*4  spec,  gr.,  and  subjected  the 
mixture  to  distillation,  taking  the  precaution  to  change  the 
receivers  frequently.  The  first  three  ounces  distilled  were 
very  watery,  and  contained  much  nitric  acid  and  little  sul- 
phuric acid ;  the  succeeding  two  and  three  ounces  consisted 
almost  solely  of  sulphuric  acid,  which  contained  but  little 
nitric  acid,  the  next  two  ounces  still  contained  a  trace  of  nitric 
acid,  after  which  one  pound  and  some  ounces  of  perfectly 
pure  sulphuric  acid  distilled  over.  An  acid  then  passed  over, 
containing  traces  of  one  of  the  oxides  of  nitrogen,  upon  which 
the  distillation  was  discontinued. 

The  residuum  in  the  retort  was  coloured  yellow,  and  disen- 
gaged, when  mixed  with  water,  nitric  oxide,  which  changed, 
on  coming  into  contact  with  atmospheric  air,  into  nitrous  acid* 
To  observe  this  more  distinctly,  some  of  the  acid  was  conveyed 
into  a  cylinder  filled  with  distilled  water,  which  then  became 
filled  with  a  colourless  gas  that  on  the  addition  of  air  became 
red,  and  was  therefore  nitric  oxide.  The  residuum  behaved 
towards  reagents  exactly  in  the  same  manner  as  the  solution 
of  the  anhydrous  sulphate  of  nitric  oxide  of  H.  Rosel,  in 
sulphuric  acid,  which  led  me  to  suppose  that  it  might  perhaps 
be  a  similar  combination,  a  view  which  seems  to  be  fully  con- 
firmed by  subsequent  experiments. 

To  be  certain  that  nitric  oxide,  and  not  nitrous  acid,  and 
some  nitric  acid,  which  might  likewise  have  been  the  case,  is 
contained  in  the  residuum  from  the  distillation,  I  diluted  half 
an  ounce  of  it  with  water  until  no  evolution  of  nitric  oxide 
any  longer  occurred,  then  divided  the  liquid  into  two  eqaal 
portions,  added  to  the  one  half  one  drop  of  nitric  acid,  and 
boiled  both  portions  the  same  length  of  time.  The  por- 
tion to  which  nitric  acid  had  been  aoded,  treated  with  a  solu- 
tion of  copperas  and  pure  sulphuric  acid,  exhibited  a  very 

«  Centralblatt,  18d6,p.314. 

tjfmaien  der  Pkarmade,  vol.  xviii.  p.  153. 
Poggendoi^B  Annakn^  vol.  zlvuu  p.  606. 
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strong  dark  colouring;  the  other  portion,  treated  in  the  same 
manner,  did  not  exhibit  this  at  alL  Had  the  residue  con- 
tained nitrous  acid,  nitric  acid  must  have  formed  on  dilution 
with  water,  and  1  must  have  obtained  in  the  boiled  liquid  a 
reaction  of  nitric  acid.  I  have  subsequently  always  tested  in 
this  way,  and  have  found  it  to  be  the  best,  when  1  wished  to 
learn  whether  nitric  oxide  or  nitrous  acid  was  combined  with 
the  sulphuric  acid. 

The  sulphate  of  the  protoxide  of  iron  is  a  most  excellent 
reagent  for  the  slightest  traces  of  nitric  oxide,  nitrous  and  ni« 
trie  acids ;  but  it  is  absolutely  essential  always  to  add  a  con- 
siderable quantity  of  pure  sulphuric  acid,  as  otherwise  small 
traces  mignt  easily  be  overlooked. 

Nitric  oxide  and  nitrous  acid  may  be  very  well  distinguished 
in  concentrated  sulphuric  acid  from  nitric  acid,  by  the  addi- 
tion of  a  dilute  solution  of  the  bichromate  of  potash,  for  both 
reduce  the  chromic  acid  to  oxide,  while  they  themselves  are 
converted  into  nitric  acid.  The  liauid  is  thereby  coloured 
green;  it  is,  however,  req^uisite  to  add  the  dilute  solution  of 
the  bichromate  of  potash  m  drops,  otherwise  the  green  colour 
might  easily  be  concealed  by  the  excess  of  the  reagent.  Nitric 
acid  cannot  naturally  act  in  a  reducing  manner  on  the  chro- 
mic acid  of  the  bichromate  of  potash.  A  solution  of  the  per- 
manganate of  potash  cannot  be  employed,  as  this  is  altered  by 
powerful  acids;  but  it  is  a  most  excellent  test,  if  the  sulphuric 
acid  has  been  previously  diluted  with  about  six  parts  of  water. 
If  sulphuric  acid  be  mixed  with  pure  distilled  nitric  acid, 
diluted  with  six  parts  of  water,  and,  after  it  has  perfectly 
cooled,  some  drops  of  a  solution  of  the  permanganate  of  pot- 
ash be  added  to  it,  the  colour  is  not  in  the  least  afiected  ;  but 
if  the  residue  from  the  distillation,  which,  as  I  have  shown  to 
be  probable,  consists  of  a  solution  of  the  sulphate  of  nitric 
oxide  in  sulphuric  acid,  be  diluted  with  six  parts  of  water, 
the  solution  of  the  permanganate  of  potash  is  decolorated  by 
it.  If  I  heat  the  diluted  liquid  for  a  moment,  so  that  the  so- 
lution of  the  protosulphate  of  iron  with  sulphuric  acid  still  in- 
dicates the  presence  of  nitric  oxide,  the  solution  of  the  per- 
manganate of  potash  is  likewise  decolorated.  If  I  continue 
to  heat  the  solution  of  the  protosulphate  of  iron  with  sulphuric 
acid,  it  no  longer  occasions  any  colouring,  and  a  drop  of  the 
solution  of  permanganate  of  potash  is  no  longer  decolorated. 

Wackenroder*  advised  the  addition  to  the  concentrated  or 
diluted  sulphuric  acid  of  a  solution  of  the  sulphate  of  the  deut- 

«  Annalen  der  Pharmacie,  vol.  xviii.  p.  154. 
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oxide  of  manganese,  which,  on  the  presence  of  nitric  acid  is 
not,  but  on  that  of  nitric  oxide  and  nitrous  acid  is,  immediately 
decolorated ;  however,  the  solution  of  the  hypermanganate  of 
potash  is  far  more  sensitive. 

A  portion  of  the  residuum  from  the  distillation  of  the  sul- 
phuric acid  with  nitric  acid,  was  distilled  in  a  small  retort 
over  an  alcohol  lamp,  with  the*  precaution  that  the  passing 
product  of  distillation  was  frequently  removed  and  tested.  At 
first  a  sulphuric  acid  passed  over,  which  contained  very  little 
nitric  oxide  ;  however,  the  amount  of  this  latter  increased  in 
the  succeeding  portions  more  and  more;  and  the  last  was  a 
concentrated  solution  of  the  sulphate  of  nitric  oxide  in  sul* 
phuric  acid,  which  acted  towards  reagents  exactly  like  the 
solution  of  the  sulphate  of  nitric  oxide  in  sulphuric  acid  pre- 
sently to  be  mentioned.  Only  a  trace  of  the  sulphate  of  lead 
remained  in  the  retort.  The  last  product  was  white,  became 
yellow  on  heating,  and  on  diluting  it  with  water,  green,  blue, 
and  lastly,  colourless,  under  the  evolution  of  much  nitric 
oxide. 

I  hereupon  attempted  to  prepare  direct  a  combination  of 
nitric  oxide  with  hydrated  sulphuric  acid.  I  passed  nitric 
oxide  dried  over  the  chloride  of  calcium,  into  distilled  English 
sulphuric  acid  which  was  placed  in  a  large  vessel,  but  so  that 
the  entrance  of  air  was  prevented.  A  rapid  absorption  took 
place  when  the  disengagement  was  not  effected  too  violently, 
and  no  gas  could  be  observed  to  escape;  only  when  the  evolu- 
tion was  too  violent  did  nitric  oxide  escape.  At  the  same  time, 
a  crystalline  crust  was  formed  on  the  sides  of  the  vessel,  which, 
however,  disappeared  again  when  the  glass  was  shaken,  it  be- 
ing dissolved  by  the  acid.  After  passing  the  nitric  oxide 
through  for  some  time  the  liquid  became  lilac,  then  slightly 
blue,  and  at  last,  beautiful  dark  blue,  without  any  increase  of 
temperature  being  perceptible.  The  liquid  became  thicker 
and  thicker,  and  on  shaking  the  vessel  ran  down  its  sides  like 
a  thick  syrup;  on  shaking  it  was  converted  into  a  white  frothy 
mass,  which,  however,  on  being  left  to  stand,  again  changed 
into  the  blue  syrup.  By  continually  passing  nitric  oxide 
through  it,  it  was  at  last  converted  into  a  solid  white  cry- 
stalline mass,  which  melted  on  being  slightly  heated  without 
decomposition,  and  on  cooling,  again  solidified. 

If  I  passed  nitric  oxide  not  dried  over  the  chloride  of  cal- 
cium, into  English  sulphuric  acid,  a  slight  increase  of  tempera- 
ture occurred ;  nevertheless,  the  crystals  then  appeared  to  form 
more  rapidly,  so  that  it  seems  that  a  little  aqueous  vapour 
favours  their  formation. 
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If  this  crystalUae  saline  mass  was  treated  in  a  dry  glass 
gradually  with  water,  nitric  oxide  was  evolved,  and  there  was 
Jornied,  according  to  the  quantity  of  water,  a  green,  blue, 
and  lastly,  a  colourless  liquid.  The  crystalline  mass  dissolves 
in  concentrated  sulphuric  acid  without  decomposition ;  and, 
if  the  solution  be  subjected  to  distillation,  the  superfluous  sul- 
phuric acidj  contaminated  by  some  sulphate  of  nitric  oxide,  first 
passes  over,  and  then  the  concentrated  solution  of  the  sulphate 
of  nitric  oxide  in  sulphuric  acid,  which  can  be  distilled  over 
several  times  without  decomposition.  This  solution,  as  well  as 
the  crystalline  mass,  was  tested  for  nitric  and  nitrous  acids 
in  the  manner  previously  described,  without,  however,  a  trace 
of  them  being  discovered.  As  a  counter-experiment  here  like- 
wise, as  always  subseouently,  a  drop  of  nitric  acid  was  added 
to  the  one  half  of  the  cliluted  solution,  and  both  portions  were 
boiled  for  an  equal  length  of  time.  In  the  portion  to  which 
nitric  acid  had  been  added,  I  naturally  obtained  with  sul- 
phuric acid,  and  a  solution  of  copperas,  a  deep  brownish-black 
colouring  ;  in  the  other  portion  not  the  slightest  trace  of  it. 

The  sulphate  of  nitric  oxide  is,  it  is  true,  decomposed  as 
rapidly  by  water  as  its  solution  in  sulphuric  acid ;  yet  the  de- 
composition does  not  seem  to  be  effected  perfectly  in  the  cold ; 
if,  however,  a  great  quantity  of  water  be  employed  for  dilu- 
tion, and  it  be  boiled  somewhat  longer,  every  trace  of  nitric 
oxide  at  last  escapes.  But  so  long  as  one  of  the  oxides  of 
nitrogen  is  detected  in  the  solution,  by  means  of  sulphuric'acid 
and  copperas,  the  solution  of  the  permanganate  of  potash  is 
decolorated  by  it 

The  combination  of  nitric  oxide  with  anhydrous  sulphuric 
acid,  prepared  by  Prof.  H.  Rose,  acts,  according  to  the  ex- 
periments I  have  made  with  it,  in  exactly  the  same  manner. 
On  dilution  with  water  the  same  play  of  colours  occurs  under 
disengagement  of  niti'ic  oxide;  and  if  the  diluted  solution  be 
boiled  tor  some  minutes,  all  the  nitric  oxide  escapes,  and  the 
solution  of  copperas  with  sulphuric  acid  does  not  indicate  any 
nitric  acid  in  the  boiled  liquid.  Likewise,  in  this  case,  the 
sulphate  of  the  nitric  oxide  is  more  completely  decomposed, 
English  sulphuric  acid  being  present.  If  the  crystalline  mass 
was  diluted  with  much  water,  and  heated  only  for  a  moment 
without  sulphuric  acid,  it  was,  it  is  true,  coloured  by  copperas 
and  sulphuric  acid,  but  then  the  cooled  liquid  also  still  disco- 
loured a  dilute  solution  of  the  permanganate  of  potash ;  as 
soon  as  this,  after  longer  boiling  of  the  cooled  liquid,  was  no 
longer  discoloured,  did  copperas  and  sulphuric  acid  likewise 
cease  to  react 

Since  these  crystals  acted  exactly  in  the  same  manner  as 
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those  which  are  produced  in  the  preparation  of  English  sul- 
phuric acid,  as  also  those  which  originate  on  passing  nitrous 
acid  into  the  hydrate  of  sulphuric  acid,  and  which,  as  already 
mentioned,  are  stated  to  consist  not  of  nitric  oxide,  sulphuric 
acid  and  water,  but  of  nitrous  acid,  sulphuric  acid  and  water, 
I  was  induced  to  prepare  them. 

For  this  purpose  I  conducted  into  a  spacious  bottle,  con- 
taining one  ounce  of  distilled  oil  of  vitriol,  and  which  was  con- 
nected air-tight  with  a  pneumatic  trough,  nitrous  acid  which 
I  obtained  by  boiling  1  part  of  starch  with  10  parts  of  nitric 
acid  of  l*S  spec.  gr.  (according  to  Liebig's  method).  The  air 
in  the  flask  became  immediately  coloured  dark  red,  and  the 
escaping  gas  was  caught ;  it  consisted,  however,  for  the  greater 
part,  of  carbonic  acid  which  had  been  produced  by  the  action 
of  the  nitric  acid  on  the  starch  contemporaneously  with  the 
nitrous  acid.  Since  my  expectation  that  oxygen  would  be 
evolved  was  disappointed,  I  terminated  the  operation  after  an 
hour.  A  yellowish  green  liquid  had  formed.  If  one  part 
was  diluted  with  much  water,  a  great  deal  of  nitric  oxide  was 
evolved ;  the  diluted  fluid,  to  one  part  of  which  sulphuric 
acid  was  added,  to  the  other  not,  was  boiled  for  some  length 
of  time,  the  evaporated  water  being  from  time  to  time  re- 
placed ;  but,  nevertheless,  I  constantly  obtained,  on  the  addi- 
tion of  pure  sulphuric  acid  and  solution  of  copperas,  a  strong 
brown  colouring,  while  the  solution  of  the  hypermaoganate 
of  potash  was  not  in  the  least  decolorated  by  it. 

The  well-closed  liquid  solidified  afler  some  hours  on  sha- 
king, and  separated  into  a  white  crystalline  mass  and  into  a 
supernatant  yellowish  liquid,  which  was  separated  from  the 
crystalline  mass  by  means  of  a  funnel  and  glass  rod ;  the  cry- 
stalline mass  was  dried  on  clay-stone  {Thonste.in)y  over  sul- 
phuric acid.  The  filtered  liquid  contained  much  sulphate  of 
nitric  oxide,  dissolved  in  sulphuric  acid  and  nitric  acid;  when 
diluted  with  much  water  and  boiled  for  any  length  of  time, 
the  evaporated  water  being  from  time  to  time  restored,  I  ob- 
tained with  a  solution  of  copperas  and  sulphuric  acid  a  strong 
deep  brown  colouring,  while  a  dilute  solution  of  the  perman- 
ganate of  potash  was  not  discoloured.  The  crystalline  dried 
mass  gave  on  dilution  with  water  under  evolution  of  nitric 
oxide  the  frequently-mentioned  changes  of  colour,  behaved 
like  the  sulphate  of  nitric  oxide,  only  that  in  the  boiled  diluted 
aqueous  solution  traces  of  nitric  acid  were  constantly  detected ; 
this  slight  trace  undoubtedly  arose  solely  from  the  adherent 
mother-liquor,  from  which  it  cannot  be  separated.  The  nitrous 
acid  seems  to  have  been  decomposed  on  its  passing  through 
sulphuric  acid  into  nitric  oxide  and  nitric  acid,  the  former 
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combining  with  the  sulphuric  acid,  while  the  latter  is  present 
.  in  great  quantity  in  the  mother-liquor.  It  is  hence  evident, 
that  the  crystals  formed  in  this  manner  are  contaminated  either 
by  nitric  acid  or  by  the  nitrate  of  nitric  oxide. 

I  now  prepared  these  crystals  by  passins  sulphurous  acid 
and  nitric  oxide  into  a  large  vessel  filled  with  atmospheric  air, 
into  which,  by  means  of  a  glass  tube,  I  could  spurt  water  or 
blow  air.  With  the  presence  of  some  water  and  an  excess  of 
nitric  oxide,  the  crystals  formed  immediately,  and  covered 
partly  the  inner  sides  of  the  vessel,  partly  appeared  in  the 
centre  in  crystalline  flakes,  quite  similar  to  snow.  Decom- 
posed by  water,  nitric  oxide  was  abundantly  evolved ;  but  if 
this  solution  was  boiled  with  sulphuric  acid  and  water,  and 
then  solution  of  copperas  and  pure  sulphuric  acid  added  to  it, 
it  evinced  no  reaction  of  nitric  acid,  but  this  must  necessarily 
have  been  the  case  if  the  crystalline  mass  consisted  of  nitrous 
acid,  sulphuric  acid  and  water.  I  likewise  in  this  case  di- 
vided the  solution  into  two  parts,  and  added  to  the  one  por- 
tion a  trace  of  nitric  acid,  boiled  this  portion  even  somewhat 
longer,  and  yet  obtained  a  distinct  reaction  of  nitric  acid  in 
the  portion  to  which  nitric  acid  had  been  added,  while  the 
other  portion  showed  not  the  least  trace.  Nor  did  I  omit  to 
add  to  the  diluted  boiled  solution,  after  cooling,  a  solution  of 
bvpermanganate  of  potash,  and  by  that  means  firmly  con- 
▼mced  myself  that  no  nitric  acid  had  been  formed  by  diluting 
with  water,  and  that  these  crystals  therefore  did  not  consist  of 
nitrous  acid  and  sulphuric  acid,  but  of  a  combination  of  sul- 
phuric acid,  nitric  oxide  and  water. 

But  if,  after  the  operation  is  terminated  and  the  vessel  re- 
mains filled  with  nitric  oxide,  atmospheric  air  be  so  long  blown 
into  the  vessel  that  it  again  becomes  colourless,  then  indeed  a 
slight  reaction  of  nitric  acid  is  obtained  after  boiling,  which 
however  certainly  arises  from  the  water  in  the  vessel  dissolving 
the  nitrous  acid  formed.    The  solution  was  tested  as  above. 

These,  then,  are  the  crystals  which  are  formed  in  the  lead 
chambers  in  the  preparation  of  English  sulphuric  acid,  and 
always  will  be  formed  when  an  excess  of  nitric  oxide  in  com- 
parison to  atmospheric  air  and  sulphurous  acid  is  present,  a 
portion  of  the  nitric  oxide  then  changing  only  into  nitrous  acid, 
which  oxidizes  the  sulphurous  to  sulphuric  acid,  and  this  thea 
immediately  enters  into  combination  with  the  nitrous  oxide ; 
nay,  they  will  be  formed  even  with  an  excess  of  nitrous  acid 
and  atmospheric  air,  the  sulphuric  acid  formed  decomposing 
the  nitrous  acid  into  nitric  acid  and  nitric  oxide,  with  which 
it  combines.  It  is  therefore  requisite,  in  order  to  avoid  the  pro- 
duction of  these  crystals  in  the  preparation  of  sulphuric  acid. 
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to  see  that  sulphurous  acid  is  constantly  present  in  sufficient 
quantity  in  the  chamber. 

The  quantitative  analysis  of  these  crystals,  as  well  as  of 
those  which  originate  on  passing  nitric  o%\(\e  into  sulphuric 
acidy  and  which  is  connected  with  son)e  difficultiesi  I  intend 
communicating  in  a  subsequent  paper. 

The  solution  of  the  sulphate  of  nitric  oxide  in  sulphuric 
acid  is  so  analogous  to  the  red  fuming  nitric  acid,  that  it  is 
not  improbable  that  the  latter  may  be  with  more  reason  re* 
garded  as  a  solution  of  the  nitrate  of  nitric  oxide  in  nitric 
acid,  in  favour  of  which,  moreover,  is  the  fact  noticed  by  Gay- 
Lussac,  that  crystals  are  formed  on  mixing  the  red  fuming 
nitric  acid  with  fuming  sulphuric  acid,  which  are  undoubtedly 
the  sulphate  of  nitric  oxide.  If  the  solution  of  the  sulphate  of 
nitric  oxide  in  sulphuric  acid  be  distilled^  the  superfluous  sul- 
phuric acid  as  above-mentioned  first  passes  over,  and  then 
this  concentrated  solution,  which  can  be  distilled  several  times 
without  decomposition.  When  heated,  the  concentrated  so- 
lution becomes  yellow ;  diluted  with  water  it  is  changed,  un- 
der evolution  of  nitric  oxide,  according  to  the  quantity  of 
water,  into  a  green,  blue,  and  colourless  liquid,  just  as  is  the 
case  with  fuming  nitric  acid.  Both  this,  as  well  as  the  fuming 
nitric  acid,  cannot  be  completely  decomposed  by  mere  dilution 
with  water,  for  if  the  diluted  solutions  of  both  be  kept  for  any 
length  of  time,  they  still  decolorate  the  solution  of  the  perman- 
ganate of  potash.  But  by  heating,  nitric  oxide  is  expelled 
from  both,  only  in  fuming  nitric  acid  quicker.  Both  can  be 
prepared  by  merely  passing  nitric  oxide  into  sulphuric  acid^ 
or  into  nitric  acid. 

Berzelius*  considers  it  quite  as  probable  that  the  fuming 
nitric  acid  is  a  solution  of  a  combination  of  nitric  oxide  with 
nitric  acid,  as  that  it  is  a  combination  of  nitrous  acid  with  ni- 
tric acid  in  excess  of  nitric  acid;  and  the  first  view  un- 
doubtedly acquires  greater  probability  front  the  existence  of 
an  analogous  combination  with  sulphuric  acid. 

It  now  appeared  to  me  still  of  interest  to  learn  how  it  is  that 
at  present  the  sulphuric  acid  is  so  frequently  contaminated 
witti  the  sulphate  of  nitric  oxide,  for  contamination  with  nitric 
acid  perhaps  seldom  occurs.  I  diluted  pure  sulphuric  acid 
with  water  so  long  till  it  had  a  spec*  gr.  of  ]  '^  (of  which  con- 
centration it  is  generally  drawn  off  from  the  lead  chambers), 
and  ti'eated  a  portion  of  it  with  the  sulphate  of  nitric  oxide,  a 
portion  with  a  solution  of  the  same  in  jsulphuric  acid,  a  portion 
with  pure  nitric  acid,  and  another  portion  with  fuming  nitric 
acid.  Upon  this  I  heated  each  portion  separately  in  a  retort  un- 
*  Herzelius's  Lchrbuch  der  Ckeniie. 
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til  sulpharic  acid  passed  over,  always  obtaining  pure  sulphuric 
acid  as  the  residuum ;  I  had,  however,  especially  with  the  ad- 
dition of  nitric  acid,  to  continue  the  heating  so  long,  that  the 
remaining  sulphuric  acid  had  a  spec.  gr.  of  1'84%  Even  when 
concentrated  sulphuric  acid  is  mixed  with  nitric  acid,  and  the 
mixture  exposed  to  a  very  gentle  heat,  sulphuric  acid,  almost 
pure,  is  obtained  as  the  residue.  If  the  concentrated  acids  be 
mixed  together  without  any  change  of  temperature  taking 
place,  and  the  mixture  be  left  to  stand  for  several  weeks,  no 
decomposition  appears  to  occur;  if  large  Quantities  be  quickly 
mixed  together,  a  trace  of  the  sulphate  of  nitric  oxide  is  formed, 
which  probably  arises  from  a  disengagement  of  heat  But  if 
the  mixture  be  quickly  heated  in  a  retort,  a  decomposition  en- 
sues, the  neck  of  the  retort  is  filled  with  red  fumes,  and  at 
first  a  sulphuric  acid,  containing  nitric  acid,  distils  over,  then 
pure  sulphuric  acid,  and  in  the  residue  remains  sulphuric  acid, 
containing  the  sulphate  of  nitric  oxide  dissolved.  When  the 
sulphuric  acid  is  coloured  by  organic  substances,  and  it  is 
decolorated  by  warming  and  adding  drop  by  drop  nitric  acid 
to  it,  it  becomes  contaminated  with  sulphate  of  nitric  oxide. 

According  to  this  the  sulphuric  acid  ought  to  occur  in  com^ 
merce  free  from  every  oxide  of  nitrogen,  when  it  has  a  specific 
gravity  of  1*84,  of  which  strength  it  however  rarely  occurs,  and 
only  rendered  impure  by  the  sulphate  of  nitric  oxide  when  it 
has  been  discoloured  by  nitric  acid.  Of  late  the  sulphuric 
acid  is  concentrated  in  vessels  of  platina,  which  are  so  con- 
structed that  dilute  sulphuric  acid  continually  flows  into  the 
more  concentrated,  and  this  is  probably  the  cause  that  the 
sulphate  of  nitric  oxide  is  formed  which  then  does  not  distil 
over. 

Barruel  *  has  proposed  to  digest  the  impure  sulphuric  acid 
over  sulphur  at  200°  cent,  in  order  to  destroy  the  acids  of  ni- 
trogen, and  then  to  distil.  But  if  the  acid  be  distilled,  then 
this  is  superfluous,  for  even  did  the  sulphuric  acid  contain  ni- 
tric acid,  a  pure  acid  would  be  obtained  by  distillation,  which 
is  even,  as  I  have  stated,  obtained  when  one  ounce  of  nitric 
acid  is  added  to  a  pound  of  sulphuric  acid,  a  contamination 
which  occurs  seldom  if  ever  in  commerce ;  it  is  merely  requi- 
site to  change  the  receiver  frequently.  If  the  sulphuric  acid 
contains  the  sulphate  of  nitric  oxide,  then  a  pure  acid  passes 
over  immediately. 

To  procure  a  pure  sulphuric  acid  for  the  preparation  of 

hydrochloric  acid,  it  is  only  necessary  to  mix  it,  (it  raatr- 

ters  not  whether  it  be  contaminated  by  the  sulphate  of  nitric 

oxide  or  nitric  acid,  with  two  parts  of  water)  and  then  to  heat 

•  Centfalblatt,  1836.  p.  315. 
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it  in  a  retort  until  vapours  of  sulphuric  acid  pass  over,  where- 
by there  is  at  the  same  time  the  advantage  of  having  an  acid 
of  I'SS  sp.  gr. 

In  the  distillation  of  sulphuric  acid  several  precautions  have 
been  proposed  to  avoid  the  sudden  jerks  (stossweise)  in  the  boil- 
ing oi  the  acid,  yet  most  of  them  are  by  cautious  equal  heat- 
ing, even  the  platina  wire^  unnecessary,  and  I  have  at  last  even 
distilled  without  this  over  an  open  fire,  without  ever  meeting 
with  an  accident.  But  it  is  very  necessary  that  the  neck  of  the 
retort  is  not  too  long  and  is  as  broad  as  possible,  and  that  the 
receiver  does  not  lie  immediately  on  the  neck  of  the  retort, 
but  is  separated  from  it  by  a  platina  wire,  and  that  an  equ<^i 
fire  be  kept  up,  which  is  best  attained  by  using  charcoal.  The 
retort  is  nllea  two-thirds  with  sulphuric  acid,  placed  with  the 
usual  precautions  in  the  sand  bath,  and  at  nrst  a  good  fire 
kept  up  until  strong  vapours  ascend  from  the  acid ;  the  fire 
is  then  diminished,  and  the  acid  comes  to  boil  gently.  Care 
should  be  taken,  by  keepincr  up  an  equal  fire,  that  the  acid 
does  not  cease  boiling;  snouid  this  happen,  it  is  not  necessary 
to  interrupt  the  distillation,  but  the  fire  must  be  cautiously  in- 
creased, tnat  the  acid  may  not  enter  suddenly  into  a  too  vio- 
lent ebullition. 


XVl.  A  new  Method  qfanalysitig  the  Ores  of  Iron^  and  Crude 
Iron.    By  Professor  Fuchs*. 

I^HIS  process  is  founded  upon  the  fact,  that  hydrochloric 
-  acid  is  incapable  of  dissolving  metallic  copper,  provided  the 
air  be  excludea ;  but  if  a  piece  of  copper  be  put  into  a  solu- 
tion of  a  persalt  of  iron  in  hydrochloric  acid,  the  persalt  is 
converted  into  a  protosalt,  and  a  quantity  of  copper  is  dissolved, 
forming  a  protosalt  of  copper  exactly  equivalent  to  the  quan- 
tity of  peroxide  of  iron  contained  in  the  solution. 

Into  a  solution  of  peroxide  of  iron  in  hydrochloric  acid  put 
a  piece  of  copper,  whose  weight  is  accurately  known ;  boil  it 
well  until  no  more  copper  is  dissolved ;  weigh  the  undissolved 
copper  after  having  cleaned  and  dried  it,  and  thus  ascertain 
how  much  copper  nas  been  dissolved.  The  quantity  of  per- 
oxide of  iron  contained  in  the  solution  is  to  that  of  the  cop- 
per dissolved  as  their  respective  equivalents,  viz.  as  40  to  Si*7. 
Therefore  if  31*7  copper  be  dissolved,  it  indicates  40  as  the 
quantity  of  peroxide  of  iron  originally  contained  in  solution. 

When  the  peroxide  and  protoxide  are  both  present,  two 
experiments  are  necessary  to  determine  their  respective  quan- 

*  Extracted  from  the  Transactions  of  the  Royal  Bavarian  Academy. 
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tities.  The  quantity  of  peroxide  is  ascertained  in  the  manner 
just  indicated.  To  determine  the  quantity  of  protoxide  the 
whole  of  the  iron  must  be  brought  into  the  state  of  peroxidci 
and  from  the  amount  of  the  peroxide  thus  obtained  must  be 
deducted  the  quantity  of  peroxide  in  the  first  experiment,  and 
the  remainder  reduced  to  the  protoxide  by  calculation. 

The  following  precautions  must  be  observed  in  order  to 
obtain  accurate  results.  The  copper  must  be  in  a  state  of 
purity.  The  hydrochloric  acid  must  be  also  pure,  tolerably 
concentrated,  and  employed  in  excess.  Nitric  acid  should  not 
be  used  for  bringing  the  iron  to  the  state  of  peroxide,  but  either 
a  stream  of  chlorme,  or  what  is  preferable,  chlorate  of  pot- 
ash. Upon  adding  the  piece  of  copper  to  the  solution  it  must 
immediately  be  brought  to  the  boiling  point,  and  kept  there 
in  order  to  prevent  access  of  air.  Previously  to  removing  the 
undissolved  copper  from  the  solution,  hot  water  is  to  be  added 
till  the  vessel  is  quite  full ;  this  is  to  be  poured  off  and  fresh 
hot  water  to  be  added :  the  copper,  which  is  generally  covered 
with  a  brownish  coating,  is  then  carefully  washed  in  cold 
water,  dried  at  a  gentle  heat,  and  then  weighed.  The  fore- 
going process  has  this  advantage ;  that  the  substances  ordi- 
narily met  with  in  iron  ores, — such  as  silica,  alumina,  mag- 
nesia, lime,  oxide  of  titanium,  oxides  of  manganese,  the  phos- 
phoric and  sulphuric  acids,  &c, — do  not  in  any  way  interfere 
with  the  accuracy  of  the  results.  An  iron  ore  containing 
arsenic,  however,  cannot  be  analysed  on  this  principle,  as 
blackish  eray  scales  of  arseniuret  of  copper  are  deposited  on 
the  metallic  copper. 

This  process  is  applicable  to  the  examination  of  cast  iron, 
or  iron  of  other  kinds,  and  also  for  the  comparison  of  one  sort 
of  iron  with  another. 

Among  many  experiments  which  were  made,  M.  Fuchs 
relates  the  following. 

Exp.  1.  50  grains  of  very  soft  English  iron  were  dissolved 
in  hydrochloric  acid,  and  brought  to  the  state  of  peroxide  by 
chlorate  of  potash ;  85-8  grains  of  pure  copper  were  boiled  in 
this  solution,  of  which  56*2  grains  were  dissolved.  Therefore 
as  81*7  :  28  ::  56*2  :  4f9'4*6,  which  is  equal  to  98-92  per  cent, 
of  pure  iron;  a  repetition  of  this  experiment  gave  99-19  per 
cent 

Exp.  2.  50  grains  of  pianoforte  wires  were  examined,  which 
indicated  98-75  per  cent,  of  pure  iron.  The  iron  in  this  expe- 
riment was  peroxidized  by  a  current  of  chlorine;  a  consider- 
able deposit  of  carbon  was  formed  during  the  process  of  so- 
lution in  hydrochloric  acid,  which,  however,  disappeared  upon 
passing  chlorine  through  the  solution. 
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Exp.  3.  50  grains  of  gray  and  white  cast  iron  from  Bergen 
Avere  examined,  and  gave  94f*33  per  cent,  of  pure  iron :  the 
impurities,  on  examination,  were  found  to  consist  of 
Carbon  ...  3-4«3 

Silica  1-75 

Phosphorus  0'37 
Sulphur  ...  0-12. 

5-67 

Exp.  4.  70  grains  of  crystallized  carbonate  of  iron  from  Lo- 
benstein,  examined,  gave  equal  to  56*9  per  cent,  of  protoxide, 
equivalent  to  91*68  per  cent,  of  carbonate  of  the  protoxide; 
the  other  constituents  consisted  of  carbonate  of  the  protoxide 
of  manganese  and  carbonate  of  lime  and  magnesia. 

Exp.  5.  70  grains  of  specular  iron  ore  from  Gleissing  in  the 
Fichtelgebirge,  gave  upon  examination  a  quantity  equal  to 
92'30  per  cent,  of  peroxide  of  iron,  and  7*40  per  cent  of  silica, 
leaving  only  a  loss  of  0*3  per  cent. 

Exp.  6.  Crystallized  magnetic  iron,  containing  both  pro- 
toxide and  peroxide,  was  next  examined.  50  grains  were 
dissolved  in  hydrochloric  acid,  to  which  chlorate  of  potash 
was  added  to  bring  the  whole  of  the  iron  to  the  state  of  per- 
oxide. 40*71  grains  of  copper  were  dissolved,  which  is  equi- 
valent to  51*36  of  peroxide  of  iron,  or  102*72  per  cent  An- 
other portion  of  50  grains  was  dissolved  without  the  addition 
of  chlorate  of  potash;  the  copper  taken  up  was  only  27*1  grains, 
equivalent  to  84*2  grains  of  peroxide  of  iron,  or  68*4  per  cent; 
this  deducted  from  102*72  indicated  by  the  first  50  grains,  gives 
34*32,  corresponding  to  30*88  protoxide  of  iron :  consequently 
this  mineral  gave  68*40  peroxide  of  iron 
30*88  protoxide  of  iron 
0*72  loss. 

100*00 

This  process  is  applicable  in  many  instances  to  the  deter- 
mination of  the  quantity  of  copper  contained  in  ores  of  that 
metal. 

The  ore  of  copper  is  to  be  dissolved  in  hydrochloric  acid, 
care  being  taken  that  the  whole  of  the  copper  is  converted 
into  oxide  or  chloride ;  the  solution  is  then  to  be  boiled  with 
copper  (the  necessary  precautions  having  been  first  duly  ob- 
served), until  it  assumes  a  pale  olive-green  tint,  and  becomes 
colourless  on  being  diluted  with  water.  If  no  oxide  of  iron 
be  present,  precisely  the  same  quantity  of  copper  will  be  trans- 
ferred to  the  solution  as  was  originally  contained  therein ;  the 
quantity  of  copper  remaining  is  to  be  subtracted  from  the 
quantity  of  reguline  copper  employed  in  the  experiment,  in 
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order  to  ascertain  the  amount  of  copper  contained  in  the  cop* 
per  ore  examined.  100  grains  of  pure  malachite  were  ex- 
amined in  this  manner,  and  gave  equal  to  57*5  of  pure  copper, 
which  is  very  nearly  the  quantity  that  should  be  obtamed  ; 
had  the  quantity  of  copper  dissolved  proved  considerably  less, 
it  would  nave  shown  that  the  malachite  was  not  in  a  state  of 
purity. 


XVIL  On  the  Electricity  of  Steafiu  By  Jouv  Williams,  Esq. 
To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 
"C^  ARLY  in  November  last,  I  read  in  your  Journal  a  com- 
-*-^  municatioa  from  Mr,  Armstrong,  of  Newcastle^upon- 
Tjme,  on  the  subject  of  the  electricity  observed  in  a  jet  of 
steam  issuing  from  the  boiler  of  a  high-pressure  steam  engine*. 
I  felt  much  interested  on  reading  this  account,  as  I  doubt  not 
that  it  will  eventually  lead  to  some  valuable  discoveries  relative 
to  meteorolo^  and  atmospherical  electricity,  subjects  which 
have  occupi^  much  of  my  attention  for  more  than  forty  years 
past 

VoUa's  experiment  of  dropping  a  red-hot  coal  into  a  vessel 
of  water  placed  on  the  insulated  cap  of  an  electrometer,  was 
repeated  by  me  in  various  ways  and  on  a  large  scale ;  and 
from  the  results,  I  came  to  a  conclusion  that  the  positive  elec- 
tricity observed  in  tbe  steam-cloud  on  its  immediate  formation 
was  simply  the  effect  of  evaporation,  and  not,  as  some  elec- 
tricians have  supposed,  of  a  decomposition  of  the  water  into 
its  primitive  elements.  And  I  imagine^  that  when  steam  under 

f^reat  pressure,  and,  consequently,  of  a  high  temperature,  is 
iberated,  and  in  the  act  of  expanding  and  mixing  with  atmo- 
spheric air,  ithas  its  capacity  for  electricity  increased ;  and  that 
a  similar  process  is  continually  in  action  in  the  ordinary  course 
of  evaporation  from  the  surfaces  of  water,  leaves  of  vegetables, 
and  moist  soil,  with  this  difference ;  that  in  the  latter  natural 

{>rocesses  the  resulting  electricity  of  the  rising  vapour  is  of 
ow  intensity,  and  not  discoverable  by  our  ordinary  electro- 
meters. 

These  reflections  led  me  to  the  consideration  of  the  cause 
of  volcanic  lightning,  and  particularly  of  the  shape  generally 
assumed  by  the  enormous  cloud  of  smoke,  as  describ^  by  Sir 
William  Hamilton  on   viewing  an  eruption   of  Vesuvius. 

•  [Papers  on  this  subject  have  appeared  in  our  Numbers  for  November, 
'  December,  and  January ;  vol.  xvii.  p.  370, 376,  449,  462,  and  467  5  pre- 
sent  volume,  p.  1^  50,  and  96.-^Eoit.] 
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With  a  view  to  find  out  the  cause  of  volcanic  lightnings  I 
made  some  experiments  with  great  care,  by  insulating  a  small 
portable  furnace;  and  by  doubling  the  electrical  signs^  by 
means  of  condensers,  I  found  the  insulated  furnace  to  be  in 
a  negative  state  when  the  fire  burnt  with  a  strong  flame; 
these  electrical  signs,  however,  were  strongest  after  the  ad- 
dition of  fresh  fuel,  and  when  a  dense  smoke  arose  a  few  seconds 
before  it  burnt  intojlame*. 

After  the  locomotive  high-pressure  engines  came  into  use 
as  public  conveyances  for  passengers,  I  visited  Manchester  and 
Liverpool  purposely  to  inspect  the  machinery  and  observe  the 
steam-  and  hot-air  cloud  when  issuing  from  the  funnel ;  the 
weather  being  cold,  and  consequently  the  steam  visible,  I  no- 
ticed the  rapid  divergence  of  the  particles  of  vapour,  and  thought 
this  might  be  caused  bv  its  electrical  state,  which  I  resolved  to 
prove  by  experiment,  but  which  I  was  not  enabled  to  do  till 
November  1888,  when,  having  provided  myself  with  a  small 
close-covered  boiler,  made  with  strong  sheet-copper,  and  fiir- 
nished  with  a  safety  valve  loaded  with  a  weight,  it  was  placed 
on  a  portable  furnace,  and  insulated  on  a  stool  with  glass  legs, 
placed  under  a  large  spreading  willow-tree  in  my  garden, 
where  I  never  could  observe  any  signs  of  atmospherical  elec- 
tricity. The  day  was  nearly  calm.  The  following  is  a  copy 
of  the  marginal  note  I  entered  in  my  meteorological  journal : 

"  November  1 8th,  1838. — To-day  I  repeated  a  former  ex- 
perimentfj  which  fully  confirmed  my  pre-conceived  ideas,  that 
when  steam,  confined  under  pressure  in  a  boiler,  is  suddenly 
allowed  to  escape  into  the  open  air,  the  liberated  steam  has 
its  capacity  for  electricity  increased,  consequently  it  leaves  an 
insulated  boiler  in  a  negative  state,  which  proved  to  be  the 
case ;  for  on  raising  the  safety  valve  by  means  of  a  silk  string 
and  a  piece  of  sealing-wax,  the  gold  leaves  of  the  electrometer 
opened  one  quarter  of  an  inch  with  negative  electricity** 
I  am,  Gendemen, 

Your  obedient  servant, 

Pitmaston,  Worcester,  15th  December,  1840.  JoHN  WiLLIAMS. 

*  [It  must  be  remembered,  that  the  cloud,  apparently  of  smoke,  which 
issues  from  the  crater  of  a  volcano  in  eruption,  is  not  really  smoke,  but 
iteam,  (mingled  with  finely-divided  solid  matter — volcanic  sand, — consist- 
ing almost  entirely  of  di-electrics,)  issuing  from  in  orifice  in  non-conduct- 
ing matter.  Volcanic  lightning,  therefore,  is  precisely  analogous  to  the 
electric  sparks  given  by  ^uent  steam. — ^E.  W.  6.] 

t  The  former  experiment  here  alluded  to  was  made  by  me  many  years 
ago,  by  opening  a  steam-cock  on  a  lai^  Watt's  low-pressure  engine  boiler, 
and  I  found  by  my  electrometer  that  th^  expanding  iteam-cloud  was  in  a 
state  of  positive  electricity. 


Digitized 


by  Google 


C    98    ] 

XVIII.  On  the  Circumstances  under  tvhtch  Steam  developes  Pa- 
sitive  Electricity.  By  Dr.  Charles  Schafhaeutl*. 

¥  N  a  conversation  with  Mr.  Bradley  of  the  Adelaide  Gallery, 
^  he  informed  me  that  steam  issuing  under  a  pressure  of 
about  40  atmospheres,  from  the  boilers  of  Mr.  Perkins's 
steam-gun,  was  able  only  slightly  to  move  the  gold  leaves  of  a 
voltaic  condenser.  On  my  expressing  an  opinion  that  the 
electricity  of  the  issuing  steam  had  some  relation  to  the  form- 
ation of  the  deposit  or  incrustation  in  the  boiler,  he  invited 
me  to  make  some  experiments  at  the  Adelaide  Gallery,  in 
order,  if  possible,  to  elucidate  this  point. 

As  Mr.  Perkins's  boiler  is  constructed  so  as  to  prevent 
any  incrustation  forming,  I  selected  for  my  experiments  a 
common  Marcet  boiler,  consisting  of  a  globular  iron  vessel 
about  5  inches  diameter,  in  the  vertical  axis  of  which  is 
inserted  a  mercurial  gauge,  and  at  an  angle  of  45  decrees 
from  it,  a  thermometer  on  one  side,  and  on  the  other  side  a 
jet,  with  a  stop-cock.  The  lower  part  of  the  boiler  was  of 
course  occupied  by  quicksilver,  on  the  top  of  which  distilled 
water  was  poured  to  the  height  of  1^  inch.  In  the  direction 
of  the  jet  a  glass  bell  was  suspended  of  9  inches  diameter 
and  5  inches  in  depth,  so  that  the  distance  of  the  top  of  the 
bell  from  the  orifice  of  the  jet  was  about  9  inches.  A  bundle 
of  copper  wire  was  then  attached  at  one  end  to  the  disc  of  a 
voltaic  condenser,  and  the  other  end  was  spread  out  and  in- 
serted in  the  glass  bell.  The  water  in  the  boiler  was  then 
brought  to  a  state  of  ebullition,  and  when  the  mercurial 
column  had  risen  to  31  inches,  the  stop-cock  of  the  jet  was 
opened,  the  issuing  steam  condensed  in  the  glass  bell  in  great 
quantities,  and  the  gold  leaves  of  the  voltaic  condenser  after 
the  first  few  seconds  separated  instantaneously  to  their  full 
extent,  even  under  a  pressure  of  23  inches.  This  was  like- 
wise the  case  when  the  condensing  plate  was  removed  from 
the  electroscope,  and  the  gold  leaves  were  always  found  posi- 
tive electrifiea. 

The  steam  under  the  same  pressure  directed  against  the 
copper  wires  without  the  bell  was  found  to  exhibit  no  trace 
of  electricity. 

The  distilled  water,  which  had  assumed  a  red  colour  from 
the  hydrate  of  oxide  of  iron  derived  from  the  inside  of  the 
boiler,  was  now  changed  for  a  saturated  solution  of  common 
salt,  which  occupied  a  space  of  about  three  quarters  of  an  inch 
on  the  top  of  the  quicksilver ;  the  other  part  of  the  experiment 

*  Communicated  bv  the  Author^  whose  former  communications  on  the 
subject  will  be  found  in  vol.  xvii.  p.  449,  and  in  our  last  Number,  pres, 
vol,  p.  14. 
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was  then  repeated  as  before,  but  no  trace  of  electricity  could 
be  discovered. 

After  the  greater  part  of  the  water  had  been  evaporated 
the  boiler  was  opened,  the  deposited  salt  removed,  and  after 
being  well  washed  filled  again  with  distilled  water.  After  the 
steam  had  reached  a  pressure  of  31  inches,  as  in  the  first  in- 
stance, the  stop-cock  was  again  opened  as  before,  and  the 
jet  of  steam  was  directed  against  the  inside  of  the  glass  bell 
in  all  its  varied  positions,  but  the  gold  leaves  of  the  con- 
denser remained  motionless,  or  when  positively  electrified  had 
a  tendency  to  collapse. 

I  was  obliged  to  fill  the  boiler  again,  and  now  took  care  to 
have  the  same  quantity  of  water  as  in  the  first  experiment 
On  the  second  trial  the  gold  leaves  separated  again.  On  the 
third  trial  the  jet  of  steam  touched  the  outside  as  well  as  the 
inside  of  the  glass  bell.  The  fourth  succeeded  as  in  the  first 
experiment,  and  afterwards  no  effect  could  be  produced. 

The  boiler  was  again  filled,  and  as  I  thought  I  had  ob- 
served that  the  gold  leaves  separated  only  when  the  steam 
issued  from  the  jet  with  a  peculiar  rushing  fluttering  noise, 
quite  different  from  the  hissing  sound  which  generally  accom- 
panies the  escape  of  pure  steam,  I  therefore  directed  my  par- 
ticular attention  to  it  in  this  experiment. 

The  water  was  at  the  height  of  about  \^  inch,  and  as  soon  as 
the  mercurial  column  had  reached  32  inches  I  opened  the  stop- 
cock with  one  hand,  bringing  with  the  other  hand  the  axis  of 
the  glass  bell  in  the  direction  of  the  jet  of  steam.  The  rush- 
ing sound  was  immediately  observable,  and  the  condensed 
water  streaming  from  the  edges  of  the  bell,  the  gold  leaves 
separating  at  the  same  moment  to  their  extreme  angle.  After 
I  had  discharged  the  disc  of  the  electroscope  the  leaves  again 
opened  several  degrees,  which  happened  likewise  the  third  and 
fourth  time,  as  often  as  the  vibrating  bell  came  into  contact  with 
the  wires.  The  wetted  interior  oi  the  bell  had,  therefore,  not 
only  obtained,  but  also  retained,  a  small  charge  long  after  the 
steam  had  ceased  to  flow,  and  I  was  now  able  to  produce  the 
desired  effect  as  often  as  I  pleased,  the  success  depending  en- 
tirely on  that  state  of  the  escaping  steam  which  causes  the 
rushing  or  fluttering  noise  which  liappened  only  when  the 
boiler  was  filled  at  about  1^  inch,  and  ceased  when  the  boil- 
ing sheet  was  reduced,  the  escape  of  steam  without  that  peca« 
liar  sound,  even  under  a  pressure  of  32  inches,  causing  the 
separated  gold  leaves  to  collapse. 

The  temperature  of  the  glass  bell  seemed -to  be  of  little 
consequence,  as  the  experiment  succeeded  on  the  first  trial 
when  the  glass  was  quite  cold>  as  well  as  when  the  bell  bad 
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become  worm  after  repeated  trials ;  the  only  requisite  be- 
ing that  peculiar  condition  of  the  steam  which  produces  the 
aiK^ve-mentioned  rushing  noise^  Now  this  noise  appears  to 
be  caused  solely  by  the  sudden  boiimg  of  the  water^  and  the 
conversion  of  a  portion  of  it  into  a  fine  spray^  as  the  steam 
issuing  under  tlu^e  chvumstances  and  splashing  against  the 
interior  of  the  bell  deposits  a  large  quantity  cS*  water  run* 
nii^  down  in  drops,  and  often  in  streams^  fvcm  the  edge  of  the 
belL 

The  boiler  was  insulated  and  the  stop<-cock  was  opened 
with  a  dry  folded  silk  handkerchief,  but  the  omission  of  all 
these  precautions  did  not  in  the  slightest  degree  afiect  the 
results ;  a  proof  that  the  electricity  of  the  steam  developed 
in  the  glass  bell  could  not  be  contained  in  the  steam  during 
its  passage  through  the  S-inch  long  metallic  jet  of  the  bcHler, 
as  all  eleotrici^  would  have  been  deposited  in  this  narrow 
metallic  fmssage.  But  the  condensation  of  steam  even  into 
the  form  of  mist,  seems  not  to  be  sufficient  to  produce  elec- 
tricity; the  condensation  into  liquid  water  seems  to  be  indis- 
pensable, at  least  in  the  present  experiment,  where  the  elec- 
tricity appears  to  be  due  to  the  ileposit  of  liquid  water  in  the 
bell  solely,  or  periiaps  in  relation  to  the  separation  of  this 
liquid  water  from  the  steam^ 

The  circumstance  of  steam  in  a  state  of  mist  not  being 
capable  of  exhibiting  traces  of  firee  electrici^,  seems  to  afford 
ns  some  due  to  the  elucidation  of  a  hitherto  mysterious  phse- 
nomenon,  viz.  that  only  certain  clouds  are  capable  of  pro- 
ducing thunder  storms.  A  common  cloud  consisting  only  of 
moisture  seems  to  be  analogous  to  a  pure  jet  of  steam  in  the 
fl^ass  belly  both  consistmg  of  minute  hollow  water  globules  or 
bubbles,  leaving  only  a  small  deposit  of  moisture  in  the  glass 
bell,  or  in  the  air,  which  finally  collects  into  small  drops  of 
rain.  But  when  the  steam  deposits  rapidly  a  great  quantity 
of  liquid  water  which  in  a  thunder-ck)ud  produces  those  well- 
known  heavy  showers,  electricity  is  set  free  in  great  quan- 
tities, so  that  a  jet  of  issuing  steam  from  Marcet^s  boiler  in 
three  seconds  produced  the  same  effects  upon  the  ^Id  leaves 
of  the  electroscope  as  a  feeble  spark  firom  an  electric  machine 
widi  a  glass  plate  of  9  inches,  produced  in  damp  weather. 
I  have  here  only  (o  observe,  that  the  sudden  separation  of 
water  in  drops  in  thunder-clouds  seems  to  be  caused,  as  I  ex- 
pressed on  a  former  occasion,  by  a  sort  of  sudden  compression 
and  cooling  caused  by  the  vehement  currents  of  air  towards 
the  centre  of  the  thunder-cloud;  because  I  found  when  I  was 
immersed  in  a  thunder-cloud,  that  the  hygroscope  during 
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the  increase  of  the  wind  rose  to  the  highest  degree  of  wet; 
the  thermometer  at  the  same  time  falling,  which  was  followed 
immediately  by  a  separation  of  water  and  a  flash  of  lightning, 
either  at  the  same  moment,  or  following  each  other  at  short 
intervals.  It  therefore  appears  that  the  column  of  vapour 
rising  from  the  crater  of  a  volcano  seems  to  be  in  a  similar 
condition  to  the  fluttering;  steam  issuing  from  the  iet  of 
Marcef  s  boiler,  and  the  flashes  of  lightning  attributable  to 
the  separation  of  the  liquid  water  from  steam  and  smoke,  as 
I  hinted  in  my  first  communication  on  this  subject,  before  I 
was  enabled  to  make  these  experiments. 

In  continuing  the  above-mentioned  experiments,  I  found 
that  the  bundle  of  wires  connected  with  the  electroscope  for 
the  absorption  of  the  supposed  electricity  of  the  steam,  might 
be  dispensed  with,  and  nothing  more  was  necessary  thui  to 
hold  the  glass  bell  against  the  jet  of  issuing  steam ;  and  as 
soon  as  the  peculiar  rushins  noise  commenced,  the  jet  of 
steam  at  the  same  time  changing  from  transparency  to  a  milk- 
white  opacity,  the  interior  of  the  bell  became  immediately 
charged  with  electricity,  whether  the  bell  was  9  or  18  inches 
distant  from  the  metallic  jet  If  the  inside  of  the  bell  be 
brought  whilst  in  this  state  into  contact  with  the  knob  of  the 
electroscope,  the  gold  leaves  immediately  diverge  very  widely, 
and  by  repeating  this  experiment  several  times,  a  qsark  may 
easily  be  obtained. 

A  copper  wire  inserted  through  the  jet  into  the  boiler, 
forming  the  axis  of  the  pencil  of  issuing  steam,  such  wire 
approaching  even  within  an  inch  of  the  glass  bell,  did  not  in 
the  slightest  degree  afiect  the  results  described  s  a  further 
proof  that  the  free  electricity  which  manifested  itself  was  not 
contained  in  the  issuing  steam,  but  was  developed  during  con* 
densation  in  the  glass  bell.  A  tinfoil]  coating  on  the  outside 
of  the  bell,  reaching  within  an  inch  and  a  quarter  of  the  edge, 
very  considerably  diminished  the  quantity  of  electricity.  When 
an  inch  and  a  half  of  this  coating  was  removed,  the  bell  acted 
the  same  as  when  entirely  uncovered,  which  may,  perhaps,  be 
simply  ascribed  to  the  steam  on  rushing  out  of  the  bell  coming 
into  contact  with  the  foil  when  it  is  so  near  the  edge. 

If  the  water  in  the  boiler  was  saturated  with  common  salt 
or  with  sulphate  of  lime,  and  even  a  slight  excess  of  sulphuric 
acid,  the  angle  between  the  diverging  gold  leavea  remained 
the  same  as  if  distilled  water  was  used. 

From  these  experiments  we  may  safely  infer  that  the  ob- 
served free  positive  electricity  in  this  case  was  solely  attribu- 
table to  the  sudden  condensation  and  separation  of  water  from 
steam,  caused  in  my  experiment  by  its  coming  into  contact 
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with  the  internal  surface  of  the  glass  bell,  on  the  superficial 
contents  of  which  the  quantity  of  electricity  developed  greatly 
depends.  On  a  larger  scale,  as- in  a  steam-engine,  the  air  in 
which  the  cloud  originates  has  the  same  function  as  the  glass 
surface.  In  thunder  storms  the  currents  of  air  rushing  towards 
the  centre  of  the  nascent  cloud,  produce  the  peculiar  sudden 
condensation  and  separation  of  water-gas  similar  to  the  pencil 
of  steam  issuing  with  the  fluttering  noise  already  mentioned 
from  the  jet  of  tne  boiler. 

I  must  here  particularly  impress  on  the  reader,  that  as  the 
pencil  of  steam  developes  electricitv  only  under  certain  cir- 
cumstances, that  is  when  steam  is  mixed  with  minutely-divided 
water  before  its  expansion,  so  the  thunder-cloud  must  like- 
wise be  in  a  similar  state  in  respect  to  its  water-gas  and  mi- 
nuttily-divided  water,  quite  different  to  the  state  of  a  rainy 
atmosphere,  where  the  condensation  of  the  watery  vapour  into 
the  shape  of  clouds  commences  only  in  the  highest  and 
coldest  regions,  uniformly  and  gradually,  and  where  during 
their  descent  at  certain  intervals,  from  the  highest  to  the  lowest 
regions,  the  atmosphere  begins  gradually  and  uniformly  to 
discharge  moisture  until  the  hygrometer  indicates  the  point 
of  saturation  at  which  the  formation  of  drops  commences. 

The  electricity  developed  by  evaporation,  &c.  could  never 
manifest  itself  in  a  metallic  boiler,  and  is  under  the  most  fa- 
vourable circumstances  so  feeble,  that  its  existence  was  long 
denied  by  the  most  eminent  philosophers,  until  Dr.  Harris 
succeedea  unequivocally  in  demonstrating  its  presence.  This 
electricity  is  likewise  much  influenced  by  chemical  actions 
ensuing  at  the  same  time,  as  M.  Pouillet  has  distinctly  proved, 
which  was  not  the  case  in  my  experiments. 

With  the  positive  electricity  obtained  from  a  jet  of  con- 
densed steam,  negative  electricity  is  at  the  same  time  deve- 
loped in  the  boiler  and  water,  and  as  far  as  I  was  able  to 
Judge,  of  the  same  intensity.  Negative  electricity  derived 
from  a  locomotive  engine  must  necessarily  be  affected  by  the 
chemical  process  of  combustion  going  on  at  the  same  time 
on  a  very  extensive  scale,  as  well  as  from  various  other  causes, 
such  as  imperfect  insulation,  points,  and  sharp  edges,  and  I 
was  not  able  to  detect  in  my  small  boiler  any  traces  of  nega- 
tive electricity,  if  at  the  same  time  positive  electricity  did  not 
appear  in  the  glass  bell. 
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XIX.    On  the  Phenomena  of  the  Electricity  of  Steam,  observed 
by  Mr.  Pattinson  and  Mr.  Armstrong.  By  M.  Peltier*. 

IVfY  experimental  and  meteorological  pursuitsf  having  led 
^^  me  to  study  the  circumstances  which  impart  electricity 
to  vapours,  I  am  enabled  .to  add  some  facts  calculated  to  a& 
ford  the  explanation  of  the  phenomenon  of  Cramlington. 

When  a  thick  piece  of  platina  slightly  convexo-concave  (am- 
bouti),  is  made  red-hot,  and  water  poured  upon  it,  a  part  of 
the  phsenomena  which  take  place  is  ^known ;  therefore  I  shall 
only  mention  them,  although  the  true  explanation  of  these 
movements  has  not,  in  my  opinion,  been  yet  given ;  I  propose 
to  revert  to  this  subject  at  another  time. 

If  the  bottom  upon  which  the  drop  of  water  rests  is  flat  or 
verv  little  convexo-concave,  it  takes  the  figure  of  an  ellipsis, 
as  has  been  very  correctly  observed  by  HL  Auguste  Laurent 
{Annates  de  Chimie  et  de  Physique^  vol.  Ixii.  p.  327).  This  el- 
lipsis returning  upon  itself  there  is  formed  from  it  another 
which  is  perpendicular  to  it :  this  one  being  depressed  in 
its  turn,  the  first  one  re-appears,  and  so  afterwards.  After 
some  moments  the  elongation  of  the  ellipses  diminishes ; 
but  then  they  are  multiplied :  others  are  formed  from  them 
at  45  degrees  from  the  first,  making  four,  marching  two  by 
two.  The  temperature  diminishing,  the  sallies  grow  feeble  *, 
a  greater  number  occur,  but  they  are  small,  no  longer  pos« 
sessing  regular  and  successive  movements.  These  tumultuous 
movements  resolve  themselves  into  a  gyratory  movement  which 
has  its  axis  vertical,  round  which  is  seen  a  crenelated  crown, 
the  vestiges  of  the  ellipsoidal  elongations  which  are  disappear- 
ing. A  little  later  this  movement  diminishes  in  velocity, 
then  it  stops,  and  the  drop  seems  to  be  in  a  state  of  repose, 
and  vividly  reflects  the  light.  The  form  of  the  collective 
movements  of  these  elongations  is  in  part  produced  by  ex- 
terior resistances  themselves  depending  on  the  curvature  of  the 
crucible,  and  on  the  size  of  the  drop  projected. 

On  examining  the  drop  of  water  with  a  lens  during  its  ro« 
tation,  there  are  seen  in  the  interior  several  kinds  oi  move- 
ments. When  the  rotation  stops,  there  is  a  moment  of 
suspense  in  the  resultant,  which  must  arise  from  interior 
movements;  another  rotation  is  then  produced,  the  axis 
of  which  is   horizontal,  and   which  leaves   the   superficies 

*  Ann.  de  Chim.  et  de  Phys.,  Nov.  1840,  p.  330.  See  the  preceding 
articles. 

[f  M.  Peltier  has  lately  published  an  interesting  meteorolcwical  treatise, 
"  Observations  et  Recherehes  sur  la  Formation  des  Trombes;  Paris,  1840  j" 
In  which  he  ascribes  to  water-spouts  an  electrical  origin^-^JBo.] 
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perfectly  even.  This  collective  movement  lasts  but  a  short  time ; 
several  others  established  themselves  in  the  interior;  weseethem 
jostle  one  another^  press  on  each  other  in  different  directions, 
move  in  array  again  together  once  more,  then  again  to  divide 
themselves.  Al  last  the  movement  slackens :  the  drop,  which 
until  then  had  retained  its  globular  form  and  had  not  moist- 
ened the  platina,  flattens,  wets  it,  and  evaporates  all  at  once, 
without  any  electricity  having  been  produced,  if  distilled 
water  and  a  clean  crucible  have  been  used. 

If  instead  of  pure  water  a  weak  solution  of  sea  salt  be  used, 
the  effect  will  be  the  same  the  first  time ;  but  the  salt  left  by 
the  water  having  formed  a  slight  layer  on  the  platina,  is 
again  taken  up  by  the  water  used  for  the  succeeding  experi- 
ment :  the  strength  of  the  solution  thus  increases,  and  when 
the  drop  is  diminished  two-thirds  it  is  become  almost  opake ;  a 
multitude  of  minute  bodies  are  seen  swimming  in  the  inside, 
and  soon  after  some  decrepitations  are^  heard,  accompanied 
with  saline  projections.  At  this  moment  the  needle  of  the 
electrometer  indicates  a  negative  tension.  If  the  platina  has 
become  cool  enough  to  admit  of  moistening,  the  decrepitation 
ceases,  the  drop  spreads,  and  it  is  immediately  transformed 
into  vapour ;  the  electricity  which  had  just  been  developed 
during  the  decrepitation,  instead  of  being  doubled  by  this 
sudden  change  into  vapour,  disappears  with  the  vapour,  which 
carries  it  off  with  it  The  saline  layer  beinff  increased,  the 
effect  at  the  third  experiment  is  greater ;  the  decrepitation 
is  stronger,  and  the  needle  is  projected  to  a  distance.  Thus, 
before  and  after  the  decrepitation  there  is  no  electricity  pro- 
duced ;  the  instrument  remains  mute,  whatever  be  the  quantity 
of  vapour  produced. 

From  the  preceding  observation,  it  was  natural  to  suppose 
that  the  salt,  being  substituted  for  the  salt  water,  would  pro- 
duce the  same  effect ;  this  is  what  the  experiment  has  verified. 
The  chloride  of  sodium  decrepitating  without  aqueous  fusion, 
the  water  interposed  plays  the  part  of  saturated  solution,  and 
sets  in  motion  the  needle  of  the  electrometer.  If  it  be  a  salt 
containing  water  of  crystallization,  as  the  nitrate  of  ammonia 
so  easy  of  decomposition,  there  is  at  first  the  aqueous  fusion,  a 
great  evaporation  without  producing  electricity,  then  at  last 
colnes  the  decrepitation,  and  the  needle  is  strongly  projected 
by  negative  electincity. 

It  is  then  at  the  moment  of  the  separation  of  the  combined 
molecules  of  water  that  electricity  is  produced  ;  it  is  at  the 
moment  that  a  chemical  decomposition  takes  place,  and  not 
daring  the  separation  of  the  excess  of  water.  The  appli- 
cation of  thei^e  experiments  to  the  phsenomenon  observed 
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at  Cramlington,  is  sufficiently  obvious :  it  appears  by  the  ac* 
counts  given,  that  it  was  necessary  for  the  water  to  be  satu* 
rated  to  such  a  degree  as  to  have  a  deposit  formed  on  the  side 
of  the  boiler ;  that  a  high  temperature  is  requisite  as  tlie  ma- 
chine is  a  high-pressure  one ;  that  the  electricity  bcreases 
with  the  deposit)  and  that  it  varies  with  the  temperature. 

This  phaenomeuon  only  appearing  when  there  is  a  saline 
coat  deposited,  and  its  tension  increasing  with  the  thickness 
of  the  layer,  it  will  serve  to  make  known  the  degree  of  in« 
ternal  incrustation  and  the  sudden  variations  of  temperature. 


XX.     On  a  nem  Fat  Acid  in  the  Butter  of  Nutmegs.    By 
Lyon  Playfair,  Ph.  D.* 

nPHE  butter  of  nutmegs  has  been  the  subject  of  several  ex- 
^  aminations;  for  the  best  account  of  its  properties,  how- 
ever, we  are  indebted  to  Schrader.  This  chemist  has  shown 
that  it  is  a  compound  of  three  oils,  two  of  them  being  solid, 
the  other  volatile  and  liquid.  He  has  also  examined  the  pro- 
portional quantities  of  these,  and  described  the  methods  by 
whicli  they  might  be  separated  from  one  another. 

Lecanut  observed  that  this  butter  possessed  different  pro- 
perties from  other  vegetable  fats,  and  approached  more  nearly 
in  character  to  those  of  animals.  He  remarked  likewise  its 
partial  solubility  in  aether,  which  had  formerly  been  pointed 
out  by  Schrader  as  a  distinguishing  mark. 

Pelouze  and  Boudet|  described  a  method  by  which  mar^ 
garineQoxxXd  be  procured  in  a  state  of  purity,  and  mentioned 
that  the  same  margarine  existed  in  the  butter  of  nutmegs ; 
but  they  have  given  no  experiments  in  proof  of  this,  nor  did 
they  state  analyses  of  the  products  obtamed. 

None  of  the  chemists  now  mentioned  have  published  the 
numerical  results  of  their  examinations.  Hence  it  was  uncer- 
tain whether  the  acid  existing  in  the  butter  of  nutmegs  was 
really  mamaric  acid,  or  some  other  acid  resembling  it  in  pro- 
perties. It  was  interesting  to  ascertain  the  exact  composition 
of  this  margarine^  and  for  this  purpose  the  following  examina- 
tion was  undertaken. 

When  the  butter  of  nutmegs  is  digested  with  alcohol  of 
the  common  strength,  it  is  decomposed;  the  alcohol  dissolves 
a  coloured  fat,  acquires  a  wine- red  colour;  and  yields  by 

•  Communicated  by  the  Author ;  having  been  read  before  ihe  British 
AMOciation  at  the  late  meeting  at  Glaigow. 
t  Jmtrml  de  Pharmaeie,  t.  xx.  p.  339. 
i  /ifmalenU  CAtmif  et  de  Pkynqu^t  U  Uix.  p.  47. 
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evaporation  a  red,  softy  semi-fluid  fat  of  an  agreeable  odour 
of  the  nutmeg.  Part  of  the  butter  remains  undissolved ;  a 
small  portion  of  it  does  dissolve,  but  is  again  precipitated 
upon  cooling.  When  the  alcohol  is  verv  strong,  the  butter 
dissolves  in  rour  times  its  weight  (Schrader). 

The  fat,  which  remains  undissolved,  is  very  impure,  and, 
even  after  several  digestions,  still  retains  the  odour  of  the 
butter.  It  must  therefore  be  subjected  to  strong  pressure 
within  folds  of  bibulous  paper,  first  by  treating  it  with  al- 
cohol, and  afterwards  with  aether,  and  renewing  the  pressure 
after  each  treatment  The  solution  in  lether  must  be  filtered 
whilst  hot,  in  order  to  get  rid  of  the  impurities.  When  the 
fat  has  attained  a  constant  melting  point  of  81^  C,  it  may  be 
considered  pure. 

Care  must  be  taken  in  the  selection  of  the  butter,  for  that 
sold  in  commerce  under  the  name  of  *^  butter  of  nutmegs," 
sometimes  consists  of  animal  fat  boiled  with  powdered  nut- 
meg, and  coloured  with  sassafras.  The  specimen  may  be  re- 
lied on  as  pretty  pure,  if  it  dissolves  in  four  times  its  weight 
of  strong  boiling  alcohol,  or  half  that  quantity  of  aether. 

The  rat  obtained  as  described  above  is  oxide  of  glyceril  in 
combination  with  a  fat  acid,  which,  as  far  as  I  am  aware,  has 
never  hitherto  been  described.  It  has  a  beautiful  white  silky 
appearance.  From  this  property  (which  is  shared  also  by 
the  acid  derived  from  it)  X  propose  to  call  it  Seridne  (from 
the  Latin  word  serica)^  as  1  am  desirous  at  present  to  give  it 
no  name  exclusively  applying  to  its  origin;  for  researches 
now  in  progress  of  being  made  by  another,  appear  to  show 
that  it  is  not  confined  to  this  butter,  but  also  exists  in  others. 

Sericic  Acid. — The  acid  to  which  this  name  is  applied, 
may 'be  obtained  by  the  saponification  o(  seridne.  The  soap 
must  be  washed  with  cold  water,  in  order  to  free  it  from  the 
alkali  employed  in  its  saponification.  It  is  now  to  be  dissolved 
in  boiling  water,  and  muriatic  acid  added  until  the  liquid 
possesses  an  acid  reaction.  The  sericic  add  now  separates 
as  a  colourless  oil,  which  solidifies  to  a  crystalline  fat  on 
cooling.  It  must  be  washed  with  water,  in  order  to  free  it 
from  muriatic  acid,  and  then  repeatedly  melted  in  fresh  por- 
tions of  pure  distilled  water. 

Thus  obtained,  it  possesses  a  snow-white  colour  and  cry- 
stalline appearance.  It  is  very  soluble  in  hot  alcohol,  from 
which  it  is  partly  deposited  in  small  crystals  on  cooling;  the 
remainder  may  be  obtained  by  further  evaporation.  In  hot 
aether  it  dissolves  in  considerable  quantity,  but  separates  al- 
most entirely  on  cooling.  When  allowed  to  crystallize  slowly 
from  alcohol  by  spontaneous  evaporation,  it  is  semi-transpo- 
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rent  and  highly  crystalline.      Its  melting  point  is  between 
48i°  and  49^  C. 

The  atomic  weight  of  the  anhydrous  acid  obtained  by  the 
analysis  of  the  salt  of  silver,  is  27SS*27 ;  the  mean  of  two 
analyses  of  the  salt  of  barytes  gave  the  atomic  weight  ^732^5^. 
The  formula  of  the  anhydrous  acid  deduced  from  the  analyses 
of  its  salts  is  C^  H^  O^. 

The  formula  for  cenanthic  acid  is  C,4  H^3  O^;  sericic  add 
may,  therefore,  be  considered  to  have  the  same  composition 
as  cenanthic  acid,  in  which  one  equivalent  of  oxygen  is  re> 
placed  by  one  of  hydrogen. 

2  atoms  of  cenanthic  acid    =  C^  H^  O4 
1  atom  of  sericic  acid         =  C^g  H^  O3 
It  may  be  compared,  in  this  respect,  to  benzoic  acid  and  the 
bydruret  of  benzule. 

The  anhydrous  acid  has  not  been  procured  in  an  isolated 
state ;  the  acid  procured  by  the  decomposition  of  sericate  of 
potash  by  muriatic  acid,  is  the  hydrate,  and  contains  one 
atom  of  water.  The  following  are  the  results  of  the  analyses 
of  this  hydrate. 

I.  0\S5l  gramme  of  substance,  burned  with  oxide  of 
copper,  gave  0*389  gramme  water,  and  0*941  gramme  car- 
bonic add. 

I  J.  0*309  gramme  of  substance  gave  0*542  water,  and  0*829 
carbonic  acid. 

III.  0*412  gramme  of  substance,  burned  with  chromate  of 
lead,  gave  1*101  carbonic  add,  and  0*454  water. 

IV.  0*250  gramme  of  substance  gave  0*670  carbonic  add, 
and  0*276  water. 

V.  0*278  gramme  of  substance  gave  0*744  carbonic  acid, 
and  0*309  water. 

I.  II.  III.  IV.  v.* 

Carbon  ...     74*12         74*06         73*89  74*10         74*00 

Hydrogen      12*31         12*29         12*24  12*26         12*02 

Oxygen  ...     13*57         13*65         13*87  13*64         13*98 
These  numbers  approach  closely  to  the  formula  C^  H^g  O4. 

Atoms.  In  100  paru. 

28  Carbon 2140*18  74*06 

28  Hydrogen...       349*42  12*09 

4  Oxygen 400*00  13*85 


2889-60  100*00 

*  The  analyses  Nos.  x.  11.  iv.  were  made  upon  sericic  acid  repeatedly 
crystallized  from  alcohol ;  iv.  was  kindly  executed  b^  Mr.  Miller,  assistant 
to  Professor  Daniel  1;  iii.  v.  were  made  upon  the  acid  obtained  by  decom- 
posing sericate  of  soda  with  muriatic  acid^  with  precautions  formerly  de- 
scribed. 
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The  formula  for  the  anhydrous  acid  is  C^g  H^  O3;  hence 
the  formula  for  the  hydrate  is  Cgg  H^  Og+HO. 

There  are  several  points  besides  its  composition,  which  di- 
stinguish this  hydrate  from  that  of  margaric  acid,  for  which 
it  has  hitherto  been  mistaken.  Its  melting  point  is  very  dif- 
ferent from  that  of  margaric  acid,  and  it  is  soluble  in  almost 
every  proportion  in  hot  alcohol.  The  soaps  which  it  forms 
with  potash  or  soda  dissolve  with  greater  facility  than  the  cor- 
responding soaps  of  margaric  acid ;  they  are  also  more  cry- 
stalline in  their  appearance.  Sericic  acid  does  not  appear 
capable  of  forming  two  classes  of  salts  with  the  alkalies,  that 
isy  its  salts  are  always  neutral,  and  the  soaps  may  be  treated 
with  water  without  passing  into  supersalts ;  a  character  pos- 
sessed neither  by  stearic  nor  margaric  acid. 

The  solution  of  sericic  acid  in  alcohol  strongly  reddens 
litmus  paper.  When  it  is  boiled  with  nitric  acid  diluted  with 
half  its  weight  of  water,  a  violent  action  ensues,  and  peroxide 
of  nitrogen  is  evolved  in  considerable  Quantity.  The  products 
of  the  decomposition  appear  to  be  soluble  in  water,  for  the 
acid  remaining  after  the  action  had  ceased  was  found  un- 
changed ;  at  least  the  salts  of  barytes  and  silver  made  from 
it  possessed  a  composition  precisely  similar  to  that  of  the 
original  acid ;  the  melting  point  also  remained  the  same.  The 
subject  was  not  more  nearly  examined. 

Sericine. — The  process  for  obtaining  this  substance  has 
been  described  at  tne  commenceitaent  of  the  paper;  it  is  the 
solid  part  of  the  butter  of  nutmegs,  and  has  been  described 
by  MM.  Pelouze  and  Boudet  as  margarine  (margarate  of  the 
oxide  ofglyceril). 

Sericine  is  a  very  beautiful  fat  (when  crystallized  from 
flsther),  having  a  snow-white  colour,  and  silky  lustre.  It 
is  soluble,  in  all  proportions,  in  hot  asther;  but  the  greater 
part  crystallizes  on  cooling :  in  water  it  is  quite  insoluble.  It 
is  not  easily  saponified  by  caustic  alkaline  ley  of  the  common 
strength,  a  property  which  distinguishes  it  from  margarine ; 
but  it  is  easily  converted  into  a  beautiful  while  soap,  by  melt- 
ing it  with  hydrate  of  potash  and  a  very  small  quantity  of 
water. 

For  the  purpose  of  determining  with  what  base  sericic  acid 
is  combineU  in  sericine,  the  following  process  was  adopted. 
A  quantity  of  sericine  was  boiled  for  several  days  with  basic 
acetate  of  lead.  An  insoluble  salt  of  lead  was  thus  formed 
with  the  acid :  tlie  base  must,  therefore,  have  been  separated. 
A  stream  of  hydrosulphuric  acid  was  now  passed  through  the 
liquid  filtered  from  the  salt,  until  all  the  lead  was  precipitated. 
Hence  the  liquid  could  now  only  contain  the  base  with  which 
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the  acid  had  been  combined,  together  with  acetic  and  hydro- 
sulphuric  acids.  During  the  evaporation  of  the  liquid,  the 
two  latter  were  expelled,  and  a  thick  straw-coloured  liauor  of 
a  syrupy  consistence  and  sweet  taste  remained,  whicn  pos- 
sessed all  the  common  characters  of  the  oxide  of  elyceril. 
The  following  are  the  results  of  the  analyses  ot  sericine. 

I.  0*3045  gramme  of  substance  yielded  0*344  gramme  of 
water,  and  0*832  gramme  carbonic  acid. 

II.  0*406  gramme  of  substance  yielded  0*452  gramme  of 
water,  and  1*104  gramme  of  carbonic  acid. 

III.  0*310  gramme  of  substance  yielded  0*341  gramme  of 
water,  and  0*847  gramme  of  carbonic  acid. 

I.  II.                III. 

Carbon    75*55  75*19  75-55 

Hydrogen  ...     12*18  12*36  12*22 

Oxygen 12-27  12*45  12*23 

10000  100*00  100-00 

Lecanu  has  endeavoured  to  show  that  stearin  (the  stear- 
ate  of  the  oxide  of  glyceril)  is  composed  of  two  atoms  of 
stearic  acid,  and  one  atom  of  a  peculiar  oxide  of  glyceril  repre- 
sented by  the  formula  Cq  Hq  O4.  But  Pelouze  has  proved  that 
the  common  oxide  of  glyceril  should  be  represented  by  the 
formula  Cg  H^  O5.  Meyer,  in  his  researches  upon  elaidic 
acid,  has  also  shown  that  Lecanu's  formula  for  glyceril  is  cor- 
rect in  some  combinations  of  the  fat  acids ;  although  it  may 
reasonably  be  questioned  whether  it  possesses  this  composi- 
tion in  stearin ;  for  Liebig  has  shown  it  to  possess  the  formula 
2  St^+  Gy  O  +  2  HO.     Liebig  does  not  deny  that  other 

oxides  of  glyceril  may  exist  besides  that  expressed  by  the 
formula  C^  H^  O5 ;  on  the  contrary,  he  suggests  that  there 
may  be  several,  which  may  unite  with  one,  two,  or  three  atoms 
of  anhydrous  acid,  just  as  there  are  acids  which  unite  with 
one,  two,  or  three  atoms  of  a  base.  But  very  little  is  known 
regarding  the  nature  of  glyceril. 

Sericine  may  be  an  example  of  such  a  combination,  con- 
taining an  oxide  of  glyceril^  Cg  H5  O3,  capable  of  uniting  with 
four  atoms  of  an  anhydrous  fat  acid.  These  different  gly- 
cerins would  be  formed  by  the  removal  of  one  of  two  atoms 
of  water  from  the  common  oxide  of  glyceril.  The  hydrogen 
shown  by  the  analysis  is  a  little  too  nigh  to  countenance  this 
idea;  but  this  may  be  partly  accounted  for  by  the  sether  with 
which  it  isprepared,  and  which  adheres  to  it  with  much  obs- 
tinacy.     The  formula  would  be  4  {C^  H^  O3)  +  (Cg  H^  O3). 
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Atoms. 

By  calculation. 

Carbon    ... 

...     118 

9019*33 

75*65 

Hydrogen 

...     226 

1285-37 

11-82 

Oxygen  ... 

...        15 

1500-00 

12-53 

11804*70  100-00 

Sericate  of  the  Oxide  of  Ethyle. — This  compound  may  be 
formed  by  sending  a  stream  of  muriatic  acid  gas  through  a 
concentrated  alcoholia  solution  of  sericic  acid.  The  solution 
must  be  kept  boiling,  in  order  to  ensure  the  complete  decom- 
position of  the  chloride  of  ethyle  by  the  fat  acid.  After  some 
time,  sericic  asther  collects  upon  the  surface  of  the  alcohol 
as  a  colourless  oil,  which  may  be  purified  by  simple  agitation 
with  distilled  water.  The  agitation  with  water  must  be  con- 
tinued until  no  further  smell  of  muriatic  asther  can  be  per- 
<:eived.  It  may  be  rendered  still  purer,  by  digesting  it  with  a 
solution  of  carbonate  of  soda,  in  order  to  remove  any  excess 
of  sericic  acid ;  but  in  this  case  a  considerable  portion  of  the 
sether  is  lost.  If  the  stream  of  muriatic  acid  be  continued 
sufficiently  long,  such  a  precaution  is  unnecessary.  .The  aether 
cannot  be  purified  by  distillation,  as  part  of  it,  in  this  case, 
appears  to  be  decomposed. 

When  sericic  aether  is  obtained  in  the  manner  now  de* 
scribed,  it  is  an  oily  transparent  fluid  at  common  tempera** 
tures,  destitute  both  of  colour  and  smell;  but  when  the 
muriatic  aether  has  not  been  carefully  removed,  it  possesses 
a  pale  straw-yellow  colour,  'and  a  faint  odour.  It  is  lighter 
than  water,  having  a  specific  gravity  of  0*8641.  It  may  be 
obtained  in  beautiful  white  crystals,  by  surrounding  the  liquid 
with  a  freezing  mixture. 

Sericic  aether  is  insoluble  in  water,  but  soluble  both  in  al- 
cohol and  aether :  when  boiled  for  a  considerable  time  with 
an  alcoholic  solution  of  caustic  potash,  it  is  decomposed.  The 
following  are  the  results  of  its  analysis,  which  was  performed 
in  the  same  way  as  that  of  other  liquid  bodies  of  small  vola- 
tility. 

I.  0*243  gramme  of  substance,  burned  with  oxide  of  cop- 
per, yielde(r0'653  gramme  carbonic  acid,  and  0*273  gramme 
water. 

II.  0*199  gramme  of  substance,  burned  with  oxide  of  cop- 
per, yielded  0*535  gramme  carbonic  acid,  and  0*221  gramme 
water.  |^  u.  Atoms.      By  calculation. 

Carbon  ...  74*30  74*34  60  =  458*61  74*75 
Hydrogen  12*48  12*34  60  =  748*77  12*20 
Oxygen...  13*22         13*32  8  =  80000         13*05 

100-00       lOO'OO  6134*87       100*00 
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Prof.  Redtenbacbejr  has  shown*  that  stearic  aether  is  a  com- 
pound of  stearate  of  the  oxide  of  ethyle  with  the  hydrate  of 
stearic  acid,  and   represented   by  the  formula   2^tAeO 

+  3  HO.  As  stearic  acid  is  a  bibasic  acid,  four  atoms  of 
base  are  combined  with  two  of  acid.  Sericic  aether  is  a  body 
of  an  analogous  composition,  and  forms  a  true  double  salt — 
sericate  of  oxide  of  ethyle  and  sericate  of  water.  Its  formula 
therefore,  is  (Se  +  Ae  O)  +  (Se  4-  H  O).^ 

Two  atoms  of  sericic  acid  •••  =  C^^,  H54,  O^. 
One  atom  of  oxide  of  ethyle  =  C  4 ,  H  5 ,  Oj . 
One  atom  of  water =  H  ,  ,'0|  • 

Sericate  of  the  oxide  of  ethyle  =  C^o  >  ^eo » ^9 . 

The  formation  of  sericic  aether  may  be  easily  explained ; 
the  muriatic  aether,  formed  by  passing  muriatic'  acid  gas 
through  a  solution  of  sericic  acid  in  alcohol,  is  decomposed 
by  the  fat  acid ;  sericic  aether  is  thus  produced,  and  attaches 
itself  to  an  equivalent  of  the  undecomposed  hydrate. 

Sericate  of  Barytes. — This  salt  may  be  prepared  from  seri- 
cate of  potash,  by  adding  an  alcoholic  solution  of  the  latter 
to  a  pure  salt  of 'barytes.  A  bulky  white  precipitate  is  thus 
obtained,  which  must  be  thrown  on  a  filter,  and  well  washed. 
It  is  slightly  soluble  both  in  water  and  in  alcohol ;  in  the 
former  it  possesses  nearly  the  same  degree  of  solubility  as 
gypsum. 

I.  0*797  gramme  of  the  salt  left,  after  ignition,  0*266  gramme 
carbonate  of  barytes ;  and  0*858  gramme,  bunied  witn  chro- 
mate  of  lead,  yielded  0*691  gramme  water,  and  1*702  gramme 
carbonic  acid. 

II.  0*481  erammeofthe  salt  left, after  ignition,  0*161  gramme 
carbonate  of  barytes  ;  and  0*319  gramme,  burned  wiUi  oxide 
of  copper,  yielded  0*257  gramme  water,  and  0*634  gramme 
carbonic  acid. 


I. 

II. 

Atoms. 

By  calculation 

Carbon  ...  56*91 

57-09 

28 

2140*18 

57-32 

Hydrogen     8*94 

8*95 

27 

336-94 

9*02 

Oxygen...     8*26 

809 

3 

300*00 

8*04 

Barytes...  25*89 

25*97 

1 

956*88 

25*62 

100*00       100*00  3734*00       10000 

The  absolute  quantity  of  carbon  obtained  in  the  analysis 
was  under  that  stated:  in  the  first  54*85  is  the  quantity  shown 
by  the  analysis,  but  2*06  per  cent,  must  be  added  for  the  car- 
bonic acid  retained  by  25*89  of  barytes,  as  carbonate  of  ba- 

*  Atmahn  dcr  Chemie  und  Fharmack^  xxzy.  1. 
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rytes.  In  the  second  also  54*95  is  expressed  by  the  analysis, 
but  2*14  being  added  for  the  carbon  retained  by  25*97  barytes, 
gives  the  number  stated  above. 

The  mean  of  the  two  analyses  makes  the  quantity  of  barytes 
contained  in  the  salt  25 '9S  per  cent. :  the  quantity  found  by 
calculation  is  25'62« 

Sericate  of  Silver. — This  salt  may  be  prepared  by  double 
decomposition  in  the  same  manner  as  sericate  of  barytes. 

When  it  is  newly  precipitated,  it  is  a  bulky  white  powder, 
"which  speedily  acquires  a  lilac  colour  by  exposure  to  light. 
To  avoid  this  it  must  be  washed  in  the  dark.  It  is  insoluble 
in  water,  but  very  soluble  in  a  solution  of  caustic  ammonia, 
from  which  it  may  be  obtained,  by  spontaneous  evaporation, 
in  large  transparent  colourless  crystals.  It  melts  upon  the 
application  of  neat,  but  at  the  same  time  undergoes  decom- 
position. 

I.  0*361  gramme  of  substance,  burned  with  oxide  of  cop- 
per, gave  0*267  water,  and  0*646  carbonic  acid. 

II.  0*340  gramme  of  substance,  burned  with  oxide  of  cop- 
per, gave  0*610  carbonic  acid,  and  0-243  water. 

III.  0*553  gramme  of  substance,  burned  with  oxide  of  cop* 
per,  gave  0*992  carbonic  acid,  and  0*4015  water. 

0*704  gramme  of  salt  left,  after  ignition,  0*277  metallic 
silver. 

I.               II.  III. 

Carbon 49*48  49*61  4960 

Hydrogen 8*03  7*94  8-06 

Oxygen 7-82  7*78  7*67 

Oxide  of  silver    34*67  34*67  34*67 


100*00  100-00  10000 

If  we  suppose  the  salt  to  be  composed  like  that  of  barytes 
of  one  atom  of  sericic  acid  and  one  atom  of  oxide  of  silver, 
then  the  numbers  given  below  should  represent  the  analysis. 

By  calculation. 

28  Carbon 2140*18  50*61 

27  Hydrogen 336*94  7*94 

3  Oxygen 300-00  7*13 

1  Oxide  of  silver    1451*61  34*32 


4228*73  100*00 

The  diiference  between  the  carbon  found  by  analysis  and 
calculation  is  very  considerable,  but  the  close  correspondence 
between  the  hydrogen  and  the  oxide  of  silver  leave  little  doubt 
that  the  formula  is  the  same  as  that  of  the  salt  of  barytes.  At  the 
same  time  it  is  proper  to  mention  that  the  close  correspond- 
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ence  between  the  analyses  themselves,  which  were  executed 
on  salts  prepared  at  different  times,  and  with  scrupulous  at- 
tention to  their  purity,  lead  us  to  question  whether  some 
other  formula  should  not  be  adopted  for  it.  Salts  of  silver 
are  generally  anhydrous,  but  this  does  not  always  appear 
to  be  the  case;  for  Crasso  has  lately  described'^  a  salt  of 
silver  which  contains  water.  Sericate  of  silver  may  be  an 
example  of  a  similar  compound,  corresponding  to  Johnston's 
sulphate  of  lime,  in  which  two  atoms  of  salt  are  united  with 
one  atom  of  water.  This  is  merely  brought  forward  as  a 
conjecture,  want  of  material  having  prevented  my  making 
any  further  experiments  on  this  subject.  The  calculated  re- 
sult, however,  agrees  pretty  closely  with  the  analysis. 

By  calculadon. 

B6  Carbon 4280*36  49*94 

55  Hydrogen 686*37  8*00 

7  Oxygen 700*00  8*19 

2  Oxide  of  silver  2903*22  33*87 


8569*95  100-00 

Hence  the  formula  would  be  2  SeAg  0+  H  O. 

Sericate  of  Potash. —This  compound  maybe  prepared  by 
melting  pure  carbonate  of  potash  and  sericic  acid  with  a 
small  quantity  of  water.  The  mixture  must  then  be  gently 
heated,  in  order  to  effect  the  complete  saponification  of  the 
acid,  and  afterwards  evaporated  to  dryness  on  the  water*batb. 
The  residue  is  now  to  be  digested  with  absolute  alcohol, 
which  dissolves  the  sericate  of  potash,  but  leaves  the  carbo- 
nate of  potash  undissolved. 

Sericate  of  potash  is  very  soluble  both  in  hot  and  cold  al- 
cohol and  water.  When  it  is  dissolved  in  a  hot  solution  of 
alcohol,  it  is  partly  deposited  on  cooling  in  the  form  of  beauti- 
ful white  crystalline  scales.     It  is  insoluble  in  aether. 

We  possess  no  data  for  determining  how  we  should  estimate 
the  carbonic  acid  in  the  analysis  of  a  salt  of  potash  formed 
by  an  organic  acid.  Liebig  states,  in  his  treatise  on  Organic 
Analysis,  that  the  potash  remains  after  the  combustion  as  a 
carbonate ;  and  consequently  that  an  atom  of  carbon  should 
be  added  to  the  result  of  our  analysis.  But  experiments  made 
on  this  subject  by  Prof.  Redtenbacher,  Dr.  Varrentrapp  and 
myself,  show  that  this  cannot  be  relied  on,  when  the  salt  is 
burned  with  oxide  of  copper.  Dr.  Varrentrapp  mixed  the 
carbonates  of  potash  and  soda  with  oxide  of  copper,  and  ex* 
posed  them  to  the  action  of  heat  in  a  common  tube  of  com- 

*  Liebig'f  AnHolen,  End  xxxiv.  1. 79. 
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bastion*  As  the  result  of  his  experiments^  he  ascertained 
that  a  quantity  of  carbonic  acid  always  passed  into  the  appa- 
ratus, containing  potash.  This  gain  was  generally  about  one- 
third  of  the  potash  employed,  two-thirds  still  remaining  in 
combination  with  the  alkali.  By  subtracting  this  from  the 
weight  of  the  carbonic  acid  obtained  in  the  experiment,  and 
calculating  the  potash  as  a  neutral  carbonate,  we  cannot  be 
far  from  the  truth.  This  has  been  done  by  Redtenbacher  *  in 
his  researches  upon  stearic  acid,  and  is  the  only  one  at  pre- 
sent which  can  be  adopted. 

I.  0-354  gramme  of  substance  gave  0*324  water,  and 
0*797  carbonic  acid. 

II.  0*324  gramme  of  substance  gave  0*296  water,  and 
0*727  carbonic  acid. 

0-404  gramme  gave  0*130  sulphate  of  potash. 

The  first  is  equal  to  62-25  per  cent.,  the  second  62*04  per 
cent,  carbonic  acid ;  but  on  the  supposition  that  the  potash 
remains  after  the  combustion,  as  a  carbonate,  then  2*25  per 
cent*  of  carbon  must  have  remained  with  it.  Only  two-thirds 
of  this,  however,  should  be  added  to  the  carbon  actually  pro- 
cured in  the  analysis ;  hence  the  result  is  as  follows : 

I.  II.         Atoms. 

Carbon..*    63*75  63*54 

Hydrogen    10*16  10*15 

Oxygen*..      8*70  8*92 

Potash  *..    17-39  17-39 


28 

27 

3 

1 

2140-18  .*•  63-56 
336*94  *.*  10-00 
300-00  ..*     8*92 
589-91   ...  17-52 

KO. 

3367*03       100-00 
Before  sericate  of 

100-00       100*00 
The  formula  of  the  salt  is  Se  +  K  O. 

potash  is  subjected  to  analysis,  it  must  be  repeatedly  dissolved 
in  water  and  evaporated  to  dryness,  for  the  alcohol  employed 
in  its  preparation  adheres  to  it  with  so  much  tenacity  that  it 
cannot  be  expelled,  unless  this  process  is  adopted. 

Sericate  of  Soda, -^This  salt  may  be  prepared  in  the  same 
manner  as  the  last.  It  is  soluble  in  water  and  alcohol,  but 
insoluble  in  aether.  For  the  reasons  already  stated  under 
<<  sericate  of  potash,"  the  salt  of  soda  was  not  analysed,  as 
its  analysis  could  lead  to  no  satisfactory  results. 

Sericate  of  Lead, — This  salt  was  obtained  by  digesting  seri- 
cine  for  several  days  with  basic  acetate  oflead  (Ac+6  rbO). 

It  is  a  dense  white  powder,  insoluble  in  water,  and  insoluble 
or  very  slightly  soluble  in  alcohol.  After  digesting  for  a 
considerable  time,  the  salt  must  be  thrown  on  a  filter,  and 
washed  very  carefully  with  water.     The  lead  was  estimated 

^  Jtmalen  der  Chemie  widPhamuieie,  xzzv.  1. 
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by  ignitinff  the  salt,  ascertaining  the  weight  of  the  lead,  and 
oxide  of  Iead»  which  remained ;  washing  the  mixture  with 
weak  acetic  acid  by  decantation,  and  calculating  the  loss  as 
oxide  of  lead. 

It  has  been  shown*  that  both  benzoate  and  raargarate  of 
lead  contain  acetic  acid  in  chemical  combination,  and  not  as 
a  mere  accidental  constituent  arising  from  imper£9Ct  washing. 
Hence  it  was  necessary  to  ascertain  whether  or  not  sericate 
of  lead  contained  this  acid.  For  this  purpose  a  few  grains  of 
the  salt  were  moistened  with  alcohol  and  sulphuric  acid,  and 
subjected  to  distillation.  Acetic  asther  passed  over  and  was 
easily  recognized  by  its  well-known  properties.  The  quantity 
of  acetic  acid  contained  in  the  salt,  appeared  to  be  very 
small. 

0*985  gramme  of  salt  left;,  after  ignition,  0*42 1  gramme  of 
lead  and  oxide  of  lead;  of  this  0*55  gramme  was  oxide  of 
lead,  and  0*366  gramme  metallic  lead:  both  together  are 
equal  to  45*58  per  cent,  of  oxide  of  lead. 

0*456  gramme,  burned  with  oxide  of  copper,  gave  0*684 
gramme  carbonic  acid,  and  0*273  gramme  water. 


Atoms. 

Bjr 

calculation. 

Carbon  .... 

41-48 

116 

8866-46 

41-21 

Hydrogen . . . 

6-65 

111 

1385-22 

6-48 

Oxygen  .... 
Oxide  of  lead 

6*29 

15 

1500-00 

6-94 

45-58 

,      7 

9761-50 

45-58 

,100-00 

2151318 

100-00 

We  have  already  seen  that  sericine  contained  four  atoms 
of  sericic  acid,  and  one  atom  of  oxide  of  glyceril.  In  the 
sericate  of  lead  made  from  sericine,  the  oxide  of  glyceril  ap- 
pears to  be  displaced  by  one  atom  of  basic  acetate  of  lead 
(Ac  +  SPbO). 

4  atoms  of  neutral  sericate  of  lead  =  0^3+ Hjoe  +  0,2+  Pb04 
I  atom  of  basic  acetate  of  lead      =C  4  +  H  3-hO  g+PbOg 

1  atom  of  sericate  of  lead  =  Cue + Hm  +  Ojg  +  Pb  O7 

The  formula  would  therefore  be  4  {C^  U^  Og+Pb  O) 

+  (C4H3  03+Pb08). 

Another  salt  of  sericic  acid  and  oxide  of  lead  may  be  ob- 
tained by  adding  acetate  of  lead  to  a  solution  of  sericate  of 
potash.  But  from  the  great  disposition  of  oxide  of  lead  to 
form  basic  salts,  a  mixture  of  salts  appears,  in  thb  case,  to  be 

♦  JnnalenderChemieundPharmacie,  xxxv.  1. 
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formed ;  at  leasl  the  results  of  the  analysis  of  a  salt  thus  ob- 
tained showed  no  definite  composition*. 

Before  concluding  this  paper  it  may  be  interesting  to  men- 
tion a  few  facts  connected  with  the  butter  of  nutmegs.  It  has 
been  already  stated,  that  when  this  butter  is  digested  with 
alcohol  of  the  common  strength,  a  soft:  fat  of  a  red  colour  is 
dissolved :  when  this  fat  is  distilled  with  a  large  quantity 
of  water,  a  colourless  oil  passes  over.  This  has  an  agreeable 
pungent  odour,  and  is  probably  the  same  as  that  described  by 
John  and  others. 

But  if  this  red  fat  be  subjected  to  dry  distillation,  several 
interesting  compounds  are  formed,  which,  however,  have 
not  been  examined  more  closely.  The  same  oil  passes  over 
as  that  obtained  by  distillation  with  water,  but  as  the  heat  in- 
creases it  is  accompanied  by  a  white  crystalline  fat,  which 
after  being  purified  presents  the  characters  of  paraffin.  A 
black  matter  like  humus  remains  in  the  retort,  and  may  be 
easily  saponified  by  continued  digestion  with  caustic  potash  ; 
when  the  soap  thus  formed  is  dissolved  in  water,  and  de- 
composed by  muriatic  acid,  a  mixture  of  fat  acids  is  sepa- 
rated. By  dissolving  this  in  weak  alcohol,  and  allowing  it  to 
evaporate,  a  black  fat  exactly  similar  in  appearance  to  humus 
is  deposited.  Upon  further  evaporation  a  white  fat  is  likewise 
separated,  which  may  be  purified  by  repeated  solutions  in 
alcohol,  and  digestion  with  animal  charcoal.  The  black  fat 
is  soluble  in  alcohol  and  aether ;  with  the  latter  it  forms  a 
solution  of  a  syrupy  consistence.  This  solubility  in  aether 
shows  that  it  is  not  humic  acid.  The  colour  of  the  acid  does 
not  appear  to  be  merely  accidental ;  but  the  examination  of 
these  substances  was  not  proceeded  with,^  for  being  products  of 
decomposition  and  not  at  all  crystalline,  there  were  no  means 
of  ascertaining  when  they  were  sufficiently  pure  for  analysis. 
St.  Andrews,  Oct.  28,  1840. 


XXI.    Abstract  of  recent  Researches  on  the  Constitution  of  the 
fatty  Substances^  made  by   MM.   R£Dtenbach£r,  Var- 
RENTRAPP,  Mayer  and  BROMEisf. 
T|*ROM  the  original  analyses  ofChevreul,  the  composition 
^    of  hydrated  stearic  acid  appeared  to  be 

Carbon 77-421 

Hydrogen    .  .  .  12-4.3  WOO. 
Oxygen lO-lsJ 

*  Sericate  of  copper  may  be  obtained  by  double  decomposition ;  it  is  of 
a  green  colour,  insoluble  in  water,  and  contains  water  in  chemical  combina* 
tion;  the  sericates  of  zinc,  lime,  cobalt,  &c.  may  be  procured  in  a  similar 
manner,  but  their  examination  was  quite  unnecessary. 

t  From  the  Annalen  dcr  Phamtacie,  July,  August,  and  September,  1840f 
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From  which  results  the  formula  C^  H^  O7,  which  was 
adopted  by  Berzelius  and  most  other  chemists;  and  the 
acid  being  bibasic»  the  formula  for  the  anhydrous  acid  was 
C70  H^  O5.  As^  however,  in  organic  analyses  the  hydrogen  is 
valued  a  little  too  high,  Liebig  proposed  lately  the  formula 
C70  H^  O5.  In  order  to  decide  upon  the  constitution  of  these 
bodies,  M.  Redtenbacher  commenced  a  complete  investigation 
of  them  at  Liebig's  request. 

The  result  was  that  the  stearic  acid  was  found,  by  a  careful 
series  of  analyses  executed  on  it  in  its  hydrated  condition,  and 
on  a  great  variety  of  its  salts,  to  be  represented  in  its  anhy- 
drous condition  by  the  formula  C^  H^g  Og,  and  when  hydrated 
by  Cgg  H56  05  +  ^  Aq ;  the  latter  is  composed  of 

Carbon 77'04l 

Hydrogen  ....  12-58  V  100*0 
Oxygen lO'SsJ 

with  which  the  numerous  experimental  results  perfectly 
agreed. 

Amon^  other  collateral  evidence  was  the  analysis  of  stearic 
tether,  which  was  found  to  consist  of  C72  H^^  O7,  being  pro- 
duced by 

1  atom  of  Stearic  acid     Cg^  \i^  O^ 

1  atom  of  iEther    .  .     C4  H5  O   VC^  Ht,  O7. 

1  atom  of  Water    .  .  H    O  J 

The  substance  described  by  Lassaigne  as  stearic  sether, 
could  not  be  formed. 

When  stearic  acid  is  distilled,  there  is  generated  a  large 

?uantity  of  margaric  acid  and  other  products,  with  which 
)hevreul  did  not  occupy  himself  (margarone,  &c.),  and  the 
first  full  explanation  of  the  process  is  due  to  M •  Redten- 
bacher. 

The  formula  of  hydrated  margaric  acid  hitherto  generally 
received  was  C70  HggOg,  which  was  such  that  this  acid  might 
be  looked  upon  as  a  compound  of 

1  atom  of  Stearic  acid    C70 Hea O7]  C.^U^^O,^ 


1  atom  of  Oleic  acid 

2  atoms  of  Water 
Berzelius  suggested  also  that  a  carbo-hydrogen,  C^  Hg-, 

may  be  supposed  to  be  the  common  radical  of  the  stearic 
and  the  margaric  acid,  which  would  then  differ  only  in  having 
different  degrees  of  oxidation.  The  composition  of  the  mar- 
garic acid  has,  however,  been  determined  afresh  by  Varren- 
trapp,  with  the  following  results. 

Margaric  acid,  whether  prepared  directly  from  human  fat  or 
by  the  destructive  distillation  of  tallow,  lard,  oleic  acid  or 


Digitized 


by  Google 


MM.  Redtenbacher,  Varrentrapp,  Mayer  and  Bromeis.    115 

olive  oil,  is  identical  in  constitution,  being  ivhen  hydrated  ex- 
pressed by  C34  H34  O4,  or  when  anhydrous,  by  C^  H33  O3. 

The  margaric  aether  consists  of  an  atom  of  margaric  acid 
and  one  of  aether,  C34  H33  O3  +  C4  H5  O. 

Varrentrapp  analysed  the  margarone  which  is  produced 
when  margaric  acia  is  distilled  with  lime.  Its  formula  is 
C33  H33  O,  or  it  is  formed  by  the  loss  of  the  elements  of  one 
atom  of  carbonic  acid. 

From  these  results,  however,  it  follows  equally,  as  from  the 
older,  that  the  carbon  and  hydrogen  is  the  same  in  the  stearic 
and  the  margaric  acids,  which  differ  only  in  the  proportion  of 
oxygen, 

*  I  equivalentof  Stearic  acid         ^C^H^Og 
2  eouivalents  of  Margaric  acid    =s  C^  H^  O^ 
and  hence  Berzelius's  idea  is  still  quite  true,  that  if  we  ex- 
press €34  H33  by  R,  then 

Margaric  acid  =  R  +Os,  like  sulphuric  acid  S  +  O3 
Stearic  acid  =  R^  +  O5 ,  like  hyposulphuric  acid  Sg+  O5. 
But  it  still  remains  to  be  shown  how  destructive  distillation, 
which  is  in  general  not  an  oxidating  process,  changes  both  the 
stearic  and  oleic  acids  into  margaric  acid.  This  has  been 
explained  by  Redtenbacher.  Besides  margaric  acid  there 
are  produced  a  small  quantitv  of  water  and  of  carbonic  acid, 
and  margarone  and  a  liquid  polymeric  with  olefiant  gas  in 
large  proportion,  so  that  the  process  consists  in  four  equiva- 
lents of  stearic  acid  producing 

6  equiv.  of  hydrated  margaric  acid   =  C^q^  H3Q4  0^4 

1     —    water s         HO 

1     margarone =  C33  Hga  O 

1 carbonic  acid  ....  C  O^ 

Polymeric  carburetted  hydrogen  C34  H34 


The  action  of  nitric  acid  on  stearic  acid  has  been  accurately 
studied  by  Bromeis,  and  has  produced  extremely  interesting 
results.  In  the  first  instance  an  equivalent  of  anhydrous 
stearic  acid  is  converted  into  two  equivalents  of  anhydrous 
margaric  acid,  by  the  absorption  of  an  equivalent  of  oxygen, 
^es  "es  Og,  and  O  producing  twice  C34  H33  O3. 

When  the  action  of  the  nitric  acid  is  continued,  suberic 
acid  is  produced  in  larire  quantity,  the  formula  of  it  beinir 
CaHgO^+Aq. 

The  mother  liquors  from  which  the  suberic  acid  had  se- 
parated contains  a  large  quantity  of  succinic  acid,  the  formula 
of  which  iS|  in  the  crystallized  form,  C4  H3  04. 
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The  oleic  acid,  when  treated  with  nitric  acid,  produces  also 
margaric  and  suberic  acid.  The  mother  liquor  from  which 
these  have  separated  contain  the  pimelic  and  adipic  acids  dis- 
covered by  Laurent.  For  the  first,  M.  Bromeis  verified 
Laurent's  formula,  C7  H5  O3  + Aq,  but  for  the  second  he  ob- 
tained a  different  result,  viz.  C,4  H^  O7  +  2  Aq. 

Laurent  had  supposed  that  cenanthic  acid  was  produced 
in  this  process,  but  Bromeis  could  not  obtain  any  satisfactory 
evidence  of  its  formation,  nor  has  he  as  yet  been  able  to  verify 
the  history  of  the  lipic  and  azoleic  acids  as  given  by  that  che- 
mist. 

The  drying  oleic  acid  from  linseed  oil  gave  with  nitric  acid 
neither  pimelic  acid  nor  adipic  acid,  but  a  large  quantity  of 
oxalic  acid,  of  which  the  proper  oleic  acid  yields  none. 

It  has  been  long  known  that  when  olive  oil  is  mixed  with 
a  solution  of  proto-nitrate  of  mercurv  it  becomes  solid,  and 
this  property,  which  was  once  made  use  of  to  determine 
the  parity  of  olive  oil,  has  been  found  to  belong  to  almost 
all  fatty  bodies  in  a  greater  or  less  degree.  Boudet  proved 
that  the  action  of  the  mercurial  solution  depended  exclusively 
on  the  hyponitrous  acid  in  the  liquor,  and  that  the  same  ef- 
fect was  produced  by  hyponitrous  or  nitrous  acid  fumes  alone. 
He  also  pointed  out  that  the  solid  mass  produced  was  a  com- 
pound of  glycerine  with  a  peculiar  acid,  which  he  termed 
the  elaidicy  as  he  gave  the  name  of  elaidine  to  this  artificial 
fat. 

The  only  numerical  results  obtained  of  the  constitution 
of  this  acid  were  given  by  Laurent.  From  his  analyses  the 
formula  for  the  crystallized  elaidic  acid  should  be  C35  H33  O^^ 
+  Aq,  and  for  the  elaidic  asther  the  formula  C^  Hoo  Oo 

From  this  constitution,  however,  no  insight  into  its  origin 
could  be  obtained,  and  Mayer  undertook  in  Liebig's  labo- 
ratory the  complete  revision  of  its  history. 

M.  Mayer  found  the  modes  of  preparation  prescribed  and 
followed  by  Boudet  and  by  Laurent  quite  insufficient  to  ob- 
tain a  product  of  absolute  purity.  He  arrived  ultimately  at 
the  result  that  it  is  only  from  the  oleic  acid  that  the  elaidic 
acid  is  produced,  and  hence  to  form  it  he  had  recourse  to 
absolutely  pure  oleic  acid  prepared  by  the  method  of  Varren- 
trapp,  which  will  be  described  by  and  by.  It  may  also  be  pre- 
pared nearly,  but  not  so  absolutely  pure,  by  passing  a  stream 
of  nitrous  acid  vapour  through  oil  of  sweet  almonds.  Nitric 
oxide  gas  passes  off,  and  the  oil,  when  exposed  to  cold,  gives 
a  copious  crop  of  crystals  of  elaidic  acid. 

Elaidic  acid  is  of  a  brilliant  white  cplour,  crystallizes  in 
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large  tables,  and  melts  at  112°  Fahrenheit.  It  is  easily  solu- 
ble in  alcohol,  from  which  it  separates  in  crystals  like  benzoic 
acid.  It  is  also  soluble  in  aether.  These  solutions  react  acid. 

When  elaidic  acid  is  treated  with  a  great  excess  of  caustic 
potash  it  is  completely  decomposed,  and  a  new  acid  formed 
identical  with  that  which  Varrentrapp  had  found  oleic  acid  to 
give  under  the  same  circumstances :  with  carbonated  alkalies 
it  produces,  however,  soaps  from  which  it  separates  on  the 
addition  of  a  stronger  acid  unchanged. 

The  elaidates  of  silver,  lead,  and  barytes  are  voluminous 
white  precipitates;  that  of  silver  may  be  obtained  crystallized 
from  an  ammoniacal  solution.? 

Numerous  analyses  of  crystallized  elaidic  acid  gave  for  its 
composition  as  follows : 

72  atoms  of  Carbon ...     5503*3  78*04 

68     Hydrogen       848*6  12*03 

7    Oxygen...       700*0  9*93 

7051*9  100*00 

The  elaidate  of  silver  consisted  of 

72  atoms  of    Carbon 5503*3  56*56 

66     Hydrogen 823*6  8*46 

5       Oxygen     500*0  5*14 

2      Oxi(^  of  silver  2903*2  89*84 


9730*1  100-00 

Its  formula  is  therefore  C^j  Hgg  O5  +  2  Ag  O;  and  the  cry- 
stallized acid  is  expressed  by  C72H^05+2Aq,  it  being  a 
bibasic  acid. 

The  composition  of  the  elaidic  aether  agrees  also  with  these 
results ;  it  consists  of 

76  atoms  of  Carbon =   5809*1  78*42 

72      Hydrogen...  898*5  12-13 

7      Oxygen 700*0  9*45 

7407*6  10000 

Its  formula  is  therefore  C72  Hgg  O5+C4  H5  O-f-Aq. 
These  results  differ  totally  from  those  given  by  Laurent, 
who  evidently  worked  upon  an  impure  substance. 

Sebacic  acid, — This  acid  is  produced  whenever  any  fatty 
substances,  as  the  fat  oils,  lard,  8cc.  are  distilled.  Its  com- 
position has  been  ascertained  by  Redtenbacher,  who  con- 
firmed fully  the  result  long  since  given  by  Dumas,  that  the 
formula  of  the  crystallized  acid  is  C,o  Hg  Og-f  Aq. 
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Redtenbacher  has,  however,  established  the  interesting  fact, 
that  in  this  distillation  it  is  only  the  oleic  acid  which  pro- 
duces, by  its  decomposition,  the  sebacic  acid.  Neither  gly- 
cerine, nor  the  stearin,  nor  the  margaric  acids  yield  any  trace 
of  sebacic  acid  when  distilled.  Its  origin  must  therefore  de- 
pend upon  the  constitution  of  the  oleic  acid. 

Oleic  acid. — This  acid,  one  of  the  most  important  of  the 
series  of  fatty  bodies,  is  still  but  imperfectly  known.  Since 
its  original  discovery  by  Chevreul  it  has  been  examined  only 
by  Laurent;  but  he  distilled  the  acid  he  employed,  and 
as  in  this  process  it  is  almost  totally  decomposed,  the  re- 
sults at  which  he  arrived  were  very  incorrect. 

The  chemical  history  of  oleic  acid  has  been  re-examined  by 
Varrentrapp.  He  has  found  the  purest  source  of  it  to  be  oil 
of  sweet  almonds,  which  contains  no  stearic  acid,  and  but  a 
trace  of  margaric  acid.  The  almond  oil  is  to  be  saponified 
by  means  of  a  solution  of  caustic  potash,  and  this  decom- 
posed by  dilute  sulphuric  acid.  The  impure  oleic  acid  thus 
obtained  is  to  be  digested  at  212^  for  many  hours  with  oxide 
of  lead,  and  then  the  mass  produced  macerated  in  the  cold 
with  aether.  The  oleate  of  lead  dissolves  readily  in  aether, 
but  the  margarate  is  insoluble  therein,  and  by  this  means  the 
former  is  obtained  completely  pure.  The  filtered  liquor  is  to 
be  then  mixed  with  its  own  volume  of  water,  and  as  much  di- 
lute muriatic  acid  to  be  added  as  converts  the  oleate  into 
chloride  of  lead.  This  deposits  itself  completely  in  the 
water  below,  and  the  oleic  acid  remains  dissolved  in  the  aether. 
When  this  is  distilled  off* the  oleic  acid  remains  with  the  pro- 
perties described  by  Chevreul. 

In  the  same  manner  the  oleic  acid  of  tallow  or  lard  may  be 
obtained  pure. 

A  series  of  ten  analyses,  which  agreed  very  well  with  one 
another,  gave  for  the  oleic  acid  the  following  composition: 

44  atoms  of  Carbon    S36S-1  77*10 

40     Hydrogen  ...       499*2  11'44 

5     Oxygen 500*0  11'46 

4362*3  10000 

The  composition  of  oleate  ofbarytes  was  found  to  be 

44  atoms  of  Carbon       ss  3363*1  64*59 

39    Hydrogen  =     486*7  9*35 

4     Oxygen       =     4000  7*68 

1 Barytes       »     956*9  18*38 

5206*7  100*00 
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Its  formula  is' therefore  C44  Hg^  04+Ba  O,  and  that  of  the 
acid  analysed  is  C44  H^  O4+ Ao. 

The  oleic  aether  was  C^  H^^  O4+  C4  H5  O. 

When  oleic  acid  is  distilled,  there  is  produced  a  small 
quantity  of  carbonic  acid,  sebacic  acid,  a  large  proportion  of 
a  liquid  having  the  composition  of  olefiant  gas,  and  some 
charcoal  remains :  thus 

1  atom  of   Sebacic  acid     C^q  Hg  O  4^ 

S  atoms  of  Carbonic  acid  C  3        O  g     are  formed 

4     — —       Carbon C4  ^      from 

Carburet  of  Hydrogen  •••  C71  H7, 

2  atoms  Oleic  acid        =  C^  H^  Oi^. 

As  no  other  fatty  acid  produces  sebacic  acid  when  distilled, 
its  formation  is  a  test  of  the  presence  of  oleic  acid.  Hence 
we  may  know  if  wax  or  spermaceti,  or  stearic  acid,  have 
been  adulterated  with  tallow  by  submitting  a  small  quantity 
to  distillation. 

When  the  oleic  acid  is  warmed  with  an  excess  of  caustic 
potash  and  a  few  drops  of  water,  until  it  be  completely  sapo- 
nified, and  then  more  potash  being  added,  the  temperature 
be  raised  to  the  melting  point  of  the  latter,  the  mass,  which 
should  be  constantly  stirred,  does  not  become  brown,  but 
disengages  a  c|uantity  of  hydrogen  gas.  When  the  mass  so 
produced  is  dissolved  in  water  and  decomposed  by  an  acid, 
a  white  solid  separates  in  large  crystalline  grains  like  stearine. 
Elaidic  acid  treated  in  the  same  way  yields  an  identical  pro- 
duct* 

When  crystallized  from  its  alcoholic  solution  this  new 
acid  fuses  at  143°  Fahrenheit;  when  analysed  it  gave  the 
following  result: 

32  atoms  of  Carbon. ••     2445*9  75*69 

31     Hydrogen      386-0  11 -97 

4     — —       Oxygen...       400'0  12*34 

3231-9  100-00 
The  silver  salt  gave  as  follows : 

32  atoms  of  Carbon 2445*9  53-54 

30     Hydrogen...       374-4  820 

3     Oxygen 300-0  6*50 

1     Oxide  of  silver  1451*6  31*76 


4571-9  100*00 

The  formulae  are,  therefore,  for 

the  silver  salt ....     Cgg  Hg^  O3  H-  Ag  O 
the  crystallized  acid  C^  Hgo03  + Aq. 
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The  liquor  from  which  this  new  acid  is  precipitated  con- 
tains abundance  of  acetic  acid  formed  at  the  same  time.  The 
reaction  may  be  easily  explained  as  follows : 

1  atom  of  oleic  acid  C44  Hgo  04!^    tt    r\ 

and    8  atoms  of  water  •  .  .  Hg  O^J^^^^7'^\9> 

may  produce 

1  atom  of  the  new  acid     C^  H^q  O^ 

3  atoms  of  acetic  acid       Cj^  Hg  O9  ?-C44H47  0,,; 
and     8  atoms  of  hydrogen  .    Hg        J 

or  from  elaidic  acid 

1  atom  of  elaidic  acid      C^  H^  O5 

7  atoms  of  water  •  .  •  H^  O7 


C72  H73  O12 


may  produce 

2  atoms  of  the  new  acid  C^^  H^q  O^ 

2  atoms  of  acetic  acid  Cg  H^  Og 
and  7  atoms  of  hydrogen  .  •  H7 

C/^  Irl^Q  ^19 

Some  traces  of  carbonic  and  oxalic  acids  which  appear  are 
not  here  introduced. 

The  production  of  elaidic  acid  from  oleic  acid  cannot  as 
yet  be  explained.  There  are  also  other  products,  particularly 
one,  a  red  or  orange-coloured  liquid,  the  formation  of  which 
is  the  cause  of  the  citrine  tinge  in  ordinary  elaidine.  This 
substance  could  not  be  got  in  a  state  fit  for  analysis. 

XXII.  Mineralogical  Notices  from  Foreign  Journals^. 

ANTIGORITE.  BY  MM.  WISER  AND  SCHWEIZER. 
[From  Poggendorff's  Jnnalen,  vol.  xlix.  Part  4.] 
nPHE  characters  assigned  by  M.  Wiser  to  this  mineral  are 
•■•  as  follows ; — not  crystalline ;  hardness  =  2*5  (scratches 
gypsum,  is  scratched  by  calcspar);  specific  gravity  2*622, 
slightly  lustrous ;  in  thin  plates  semi-transparent ;  in  very 
thin  leaves  transparent;  colour  by  reflected  light  blackish 
green ;  by  transmitted  light  leek-green  ;  it  does  not  afiect 
the  magnetic  needle.     Two  analyses  by  M.  Schweizer  gave 

Silica • 46-22  46-18 

Protoxide  of  iron 13-05  12-68 

Alumina    2-08  1-89 

Magnesia  34-39  35-19 

Water  3-70  — 

99-44  99-64 

•  Communicated  by  Mr,  W.  Francis, 
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Its  constitution  may  be  expressed  by  the  formula 


m^- 


Si«  +  MgH. 

which  at  the  same  time  indicates  its  near  relation  to  ser- 
pentine. 

PENNINE.  BY  PROF.  J.  FROBEL  AND  M.  SCHWEIZER. 
[From  PoggendoriTs  AnnaUn,  vol.  I.  Part  3.] 
Under  this  name  (derived  from  the  Pennine  Alps,  in  which 
district,  near  Zermatt,  it  occurs)  Prof.  J.  Frobel  has  described 
a  mineral  bearing  great  resemblance  to  the  chlorite  from  Ach- 
matowsk  and  the  ZillertliaL  Hexagonal,  with  very  distinct 
basal  structure.  The  well-developed  crystals  generally  present 
at  times  the  tabular,  at  times  the  columnar  combination  of  the 
faces  of  a  rhombohedron  with  the  horizontal  pair  of  faces, 
as  shown  in  the  annexed  wood-cut. 

The  values  P  on  Ro  =  99°,  of 
Ro  on  Ru  =  118^  Hardness  on 
the  basal  faces  somewhat  above 
that  of  gypsum,  on  the  rhombo- 
hedral  laces  not  quite  equal  to 
that  of  calcspar.  Thin  leaves 
flexible,  but  not  elastic.  By  reflected  light,  black-green; 
by  transmitted  light,  in  the  direction  of  the  principal  axis  be- 
tween emerald«green  and  leek-green,  at  right  angles  to  the 
principal  axis  brown  to  hyacinth-red.  Lustre  vitreous ;  when 
not  too  thick,  perfectly  transparent.  The  results  of  two  analyses 
by  M.  Schweizer  gave 

Silica 3382  3307 

Protoxide  of  iron 11*30  11*36 

Alumina    9*32  9*69 

Magnesia 33*04  32*34 

Water   11-50  12-58 

98-98  99-04 

leading  to  the  formula 

^/\  Si^  +  Al  S>  +  7  Mg  H, 
Fe8    L  7  .     . 

which  is  constructed  according  to  the  same  principle  em- 
ployed by  M.  Varrentrapp  for  chlorite. 

CHLOROSPINELLE  AND  XANTHOPHYLLITE.    BY  PROF.  G.  ROSE. 
[From  Poggendorff's  Annalen,  vol.  1.  Part  4.] 
Chlorospinelle  occurs  crystallized  in  octahedrons  generally. 
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but  of  from  one  to  two  lines  in  size ;  colour  ffrass-green ; 

transparent  at  the  margins ;  lustre  vitreous;  of  the  hardness 

of  topaz ;  specific  gravity  8*594.     According  to  two  analyses 

performed  by  Prof.  H.  Rose,  it  consists  of 

Magnesia  26*77  27*49 

Lime 0*27  — 

Peroxide  of  copper  •••     0*27  0*62 

Alumina    64*13  57*S4 

Peroxide  of  iron  8*70  14*77 


100*14  100*22 

resembling,  therefore,  spinelle  and  zeylanite,  and  belonging 
with  these,  since  it  likewise  coincides  in  its  crystalline  form, 
to  the  same  genus.     Locality,  Slatoust. 

Xanthophyllitei  so  named  from  its  wax-yellow  colour  and  la- 
minar structure,  constitutes  a  new  genus.  In  thin  leaves  trans- 
parent ;  on  the  surface  of  fracture  it  has  a  strongly  nacreo- 
vitreous  lustre.  Hardness  that  of  felspar ;  specific  gravity 
=8*044.  Before  the  blow-pipe  it  proved  to  contain  alumina, 
lime,  soda,  peroxide  of  iron  and  silica,  but  no  fluoric  acid, 
magnesia  or  potash.     It  occurs  near  Slatoust. 

PIKROPHYLL.      BY  A.  F.  8VANBERO. 
[From  Poggendorff*8  Armalen,  vol.  1.  Part  4.] 
This  new  mineral  occurs  near  Sala.     Structure  foliated ; 
hardness  between  that  of  mica  and  calcspar ;  specific  gravity 
2*73 ;  colour,  very  dark  green.     Analysis  gave 

Oxygen. 

Silica 49*80         25*881^^.^ 

Alumina   Ml  0*52/^^*" 

Lime 0*78  0*22] 

Magnesia  80*10         11*65  WS*43 

Protoxide  of  iron 6*86  l*56j 

Protoxide  of  manganese  a  trace 
Water   9-88 

98-48  8-78 

whence  the  mineralogical  formula  8  MS^  +  2  Aq. 


XXIII.    On  Artificial  Oil  of  Ants.  By  J.  Stenhouse,  Esq.* 

IT  was  first  observed  by  Doebereiner,  when  preparing  formic 
acid  by  the  action  of  sulphuric  acid  and  oxide  of  manga- 
nese on  sugar,  that  the  liquor  which  distilled  over  contained 
*  Communicated  by  the  Author. 
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a  small  quantity  of  oily  matter  which  rendered  it  milkv.  To 
this  he  gave  the  somewhat  fanciful  name  of  *^  artificial  oil  of 
ants."  From  the  extremely  small  quantity  in  which  it  is  pro- 
duced by  this  process,  he  did  not  succeed  in  collecting  it,  or 
in  determining  its  properties. 

In  repeating  Professor  Emmet's  process  for  formic  licid, 
which  consists  in  distilling  grain  of  various  kinds  with  sul- 
phuric acid,  without  any  oxide  of  manganese,  I  observed  that 
under  certain  circumstances  the  liquid  in  the  receiver  con- 
tained considerable  quantities  of  this  oil.  After  repeated  trials 
I  succeeded  in  pretty  easily  preparing  it.  It  is  a  constant 
product^  though  in  very  different  quantities,  of  the  action  of 
sulphuric  acid  on  vegetable  substances,  and  it  may  be  con- 
veniently procured  from  grain  of  any  kind,  saw-dust,  husks 
of  com,  &c. 

The  process  which  I  found  to  succeed  best  is  the  following. 
Take  equal  weights  of  oatmeal  or  saw*dust  and  sulphuric 
acid,  diluted  with  its  own  bulk  of  water,  and  introduce  the 
mixture  into  a  large  copper  still.  As  there  is  no  oxide  of 
manganese  present  there  is  no  frothing  up  of  the  liquid,  so 
that  the  still  may  be  safely  filled  rather  more  than  half-full ; 
when  the  mixture  has  boiled  some  time  and  the  meal  is  quite 
charred,  pour  back  the  liquid  which  has  distilled,  adding  the 
same  quantity  of  water  as  at  first,  and  push  the  distillation 
nearly  to  dryness.  The  liquid  which  passes  over  into  the 
receiver  is  slightly  milky,  owing  to  the  presence  of  the  oil^ 
and  at  the  same  time  strongly  acid  from  the  sulphurous  and 
formic  acid  which  it  contains.  It  is  to  be  neutralized  with 
slaked  lime,  when  it  becomes  of  a  deep  yellow  colour,  and  is 
again  to  be  slowly  distilled  till  about  a  fourth  or  fifth  part  of 
it  has  passed  over.  This  is  to  be  mixed  with  a  considerable 
quantity  of  fused  chloride  of  calcium,  and  subjected  to  a  se- 
cond cfistillation.  The  chloride  of  calcium  retains  a  sreat 
part  of  the  water,  in  which  the  oil  is  pretty  soluble :  if  too 
much  water  still  passes  over  after  a  second  rectification,  a 
new  quantity  of  chloride  of  calcium  must  be  added,  and  the 
distillation  repeated  a  third  time.  The  oil  comes  over  mixed 
with  a  little  water,  and  sinks  to  the  bottom  of  the  receiver; 
about  twelve  pounds  of  meal  yielded  nearly  one  ounce  of  oil, 
so  that  it  is  by  no  means  an  abundant  product. 

Properties. — The  anhydrous  oil  is  transparent  when  newly 
prepared,  nearly  colourless,  having  only  a  greenish-yellow 
tinge,  but  when  kept  some  time  it  becomes  of  a  brownish-red, 
from  the  formation  of  a  resinous  matter.  Its  taste  and  smell 
are  very  pungent  and  aromatic,  resembling  oil  of  Cassia.  It 
stains  paper,  but  not  permanently.    It  catdies  fire  very  easily, 
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and  burns  with  a  strong  yellow  flame,  emitting  much  smoke. 
It  boiis  at  168^  C.  Its  specific  gravitv  is  1*1006  at  27**  C. 
It  is  pretty  soluble  in  water,  and  much  more  so  in  alcoLol 
and  £etber.  Potassium  effervesces  strongly  when  placed  in 
it,  but  neither  the  alcoholic  nor  aqueous  solution  of  potash 
has  any  effect  upon  it.  Solid  potash,  with  the  assistance  of 
heat,  converts  it  into  a  brown  resin.  It  dissolves  iodine  very 
easily,  but  without  any  violent  action  even  when  heated.  In 
the  cold  muriatic  acid  gives  it  a  fine  red  colour,  and  with  the 
assistance  oF  heat  turns  it  into  a  dark  brown  resin.  Nitric 
acid  first  reddens,  then  chars  it.  Sulphuric  acid  has  a  si- 
milar efiect. 

The  results  of  its  analyses  are  as  follows : 

I.  0*S30  substance  gave  0*74<7  carbonic  acid,  and  O-lSO 
water. 

II.  0*324  gave  0*725  carbonic  acid,  and  0*1275  water. 

III.  0*3185  gave  0*7205  carbonic  acid,  and  0*128  water. 

Found. Calculated. 

1,  n.  liK 

Carbon...     62*59             61*87             62-55  62-94. 

Hydrogen       4-37               4-37               4-46  4*11 

Oxygen...     33*04             33*76             32-990  32-94 

100*00  100*00  100*00  99*99 

This  gives  the  formula: 

Carbon       5  atoms =382-175 

Hydrogen  4  atoms =  24-959 

Oxygen      2  atoms s  200*000 

Atomic  weight   607*134 
It  is  evident  that  this  oil  has  a  very  different  composition 
from  oils  in  general,  as  it  contains  oxygen  and  hydrogen  only 
in  the  proportions  to  form  water,  while  all  other  known  oils 
contain  a  great  excess  of  hydrogen. 


XXIV.  Facts  and  Observations  relating  to  the  Science  qfPho^ 
netics.  By  R.  G.  Latham,  Fellow  ofKin^s  College^  Cam- 
t)ridge,* 

Part  I. —  Upon  the  Aspirates  {real  and  aca  edited)  ofK 
and  G. 
nPHE  object  of  the  present  paper  is  to  show  that  the  real 
^    aspirjites  of  K  and  G  are  not  the  sounds  that  are  ge- 
nerally considered  as  such ;  in   other  words,  that  they  are 

*  Communicated  by  the  Author. 
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not  the  powers  of  the  German  ch  and  Scotch  gh^  but  that 
they  are  sounds  perfectly  distinct  from  either  the  one  or  the 
other  of  those  articulations. 

The  question  in  point,  besides  its  value  in  etymology,  has 
a  value  in  acoustics ;  at  least  in  that  particular  part  ofthem, 
that  deals  with  the  affinities  and  analogies  of  articulate  sounds. 

This  part  of  acoustics  may  conveniently  be  called  the  pro- 
vince of  phonetics. 

How  far  the  articulate  sounds  are  systematically  related  to 
each  other ;  how  far  and  in  what  cases  the^  run  into  each 
other ;  how  far  the*  chain  of  relationship  is  lineal,  and  how 
far  it  is  circular ;  how  far  vowels  and  consonants,  mutes  and 
liquids  differ  in  kind  from  each  other;  these  questions,  and 
questions  similar  to  these,  constitute  the  province  of  phonetics. 

These  investigations  must  be  distinguished,  on  the  one 
hand,  from  those  of  physiology,  and  on  the  other  hand,  from 
those  of  etymology. 

The  science  ofphonetics  determines  how  two  given  articu- 
lations are  related;  the  science  of  physiology  inquires  how 
they  are  produced. 

Phonetics  tell  us  that  between  two  articulations  an  immu- 
table and  essential  relation  exists ;  whilst  etymology  observes 
that  under  certain  circumstances  one  articulation  is  changed 
into  another.  Very  often  etymology  does  more ;  it  assumes 
the  alliance  from  the  change. 

Now  it  does  not  follow,  in  etymology,  that  because  in  a 
given  language  one  sound  changes  to  another,  those  two 
sounds  are,  therefore,  naturally  allied  to  each  other;  although 
such  is  often  (far,  however,  from  always)  thecase. 

Nor  yet  has  it  been  proved  in  physiology  that  the  sounds 
which  to  the  ear  sound  alike,  are  produced  bv  a  like  disposi- 
tion of  the  parts  of  the  mouth  or  larynx ;  altnough  that  such 
a  correspondence  exists  is  highly  probable. 

The  truth  is,  that  the  special  study  ofphonetics,  instead  of 
being  promoted  by  the  grammarian  and  anatomist,' has  been 
retarded  by  them.*  Etymological  and  physiological  tests,  ety- 
mological and  physiological  classifications,  have  been  applied 
where  acoustic  principles  alone  ought  to  have  been  recognized. 
A  necessary  correspondence,  moreover,  between  the  three 
kinds  of  sciences,  which  in  grammar  may  be  proved  non- 
existent, and  in  physiology  has  not  been  proved  at  all,  has 
for  the  most  part  been  gratuitously  assumed ;  and  more  than 
this,  in  those  cases  where  the  three  tests  have  not  coincided, 
the  disposition  has  been  to  sacrifice  the  phonetic  test  to  the 
other  two. 
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The  Phonetic  test  stands  thus — Two  sounds  are  allied,  be- 
cause, to  the  ear,  they  sound  alike. 

The  physiological  test  thus — Two  sounds  are  allied,  because, 
in  the  mouth  and  larynx,  they  are  formed  alike. 

The  etymological  test  thus — Two  sounds  are  allied,  be* 
cause,  under  certain  circumstances,  one  is  changed  to  the 
other. 

Expressed  in  Latin  axioms,  the  etymological  test  is. 
Propter  fortunas  artictdatio  est  id  quod  est ;  the  physiological 
one.  Propter  foi-mationem  artictdatio  est  id  quod  est ;  and, 
finally,  the  phonetic  one  is.  Propter  sonum  articulatio  est  id 
quod  est.  The  coincidence  of  the  three  is  (in  the  present  state 
of  our  knowledge)  to  be  considered  as  an  accident* 

Phonetic  science  considers  sounds  irrespective  of  the  signs 
by  which  they  are  expressed,  and  irrespective  of  the  names 
by  which  they  are  called.  The  sound  of  the  b  (in  bat)  is  the 
same,  whether  it  be  expressed  by  the  sign  6  or  j3 ;  it  is  also 
the  same  whether  it  be  called  bee  or  beta.  A  sound  is  not 
double  because  it  is  spelt  with  two  letters,  nor  yet  single  be* 
cause  it  is  expressed  by  one.  The  th  in  thin  is  a  simple 
sound,  irregularly  expressed :  the  x  in  box  is  a  double  one 
compendiously  spelt.  In  questions  of  the  kind  in  point,  the 
eye  has  so  often  misled  the  ear  that  the  above  given  truisms 
are  scarcely  to  be  considered  superfluous.  In  points  of  acoustics 
the  blindest  guides  are  the  best. 

To  guard  against  the  influence  of  names  and  signs  it  is 
convenient  to  express  the  relations  of  certain  sounds,  arith- 
metically ;  and  besides  this,  in  the  case  of  such  simple  single 
sounds  as  have  no  simple  single  sign  (or  letter)  to  denote 
them,  to  coin  or  borrow  appropriate  signs  as  the  occasion 
requires. 

The  subjoined  scales  of  relationship  being  those  that  are 
generally  recognized,  it  is  unnecessary  to  go  beyond  the  mere 
exhibition  of  them. 

The  sound  of  b  (in  bin)  is  in  a  certain  relation  to  the 
sound  of  p  (in  pin).     Now, 

V  :  f  : :  b  :  p  .  and 
d  :  t  : :  v :  f  .  and 
■8V:)?' : :  d  :  t  .  and 
g  :  k  : :  'S  :  b  •  and 
z  :  s  : :  g :  K  •  and 
?*:  ff*: :   z  :  s  . 

1  The  ih  in  thine,     ^  The  th  in  thin.     '  The  z  in  azure.     <  sh  in  t Am. 
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Again,  the  sound  ory*(as  in  fa)  is  in  a  certain  relation  to  the 
sound  of  p  (as  in  pa) ;  or,  expressed  more  loosely,  /  is  in 
a  certain  relation  to  p.     Now 

V  :  b  : :  f  :  p   .  and 
I?  :  t   : :  V :  b   .  and 
"S  :  d  : :  b  :  t   .  and 
0*  :  s  : :  i  :  d  •  and 
5  :  z  : :  0-  :  s  . 
To  these  two   classes  of    relation  the  names  Hard   and 
Soft,  Lene  and  Aspirate  may  (for  want  of  better)  be  allowed 
to  stand ;  so  that    the  double   relationship  is  expressed   in 
the  following  table : — 

Lene.  Aspirate. 

Hard.  Soft.  Hard.  Soft. 

p  .    b  /  •  ^ 

t   .    d  >    .  « 

k  .   g  ?     .    ? 

5     •    «  ^      *    % 

Hard.  Soft.  ^ 

Lene.  Aspirate.  Lene,  Aspirate. 

p  .    f   .  b     .     V. 

t   .     b    .  d     .     «. 


or 


?; 


k    .      ?      .  g      .      ?  . 

s  ,     a-    .  2     •     ^  • 

Here  we  have  (so  to  say)  four  parallel  lines  of  double  re- 
lationship. The  sequence,  however,  although  perfect  as  far 
as  it  goes,  is  incomplete.  We  miss  the  sounds  that  are 
to  k  and  gj  as/ is  to  ^  and  v  to  i,  &c.&c.  Were  it  not  for  this 
deficiency  we  should  have  a  mute-system  of  sixteen  allied  articu- 
lations, square  and  symmetrical,  each  articulation  being  to  the 
other  doubly  related,  f.  e.  hard  or  soft,  lene  or  aspirate.  As  it 
has  been  said  before,  it  is  the  object  of  the  present  paper  to 
fill  up  the  deficiency  in  question,  and,  subordinately  to  the 
main  end,  to  show  tnat  the  sounds  that  are  considered  to  be 
the  aspirates  of  ^  and  g  are  not  so  in  reality.  The  sounds  that 
in  all  the  works  (philological  or  physiological)  with  which 
I  am  acquainted,  have  been  supposed  to  hold  the  relationship 
in  point,  are  the  German  ch  (as  in  auch)  and  the  Gaelic  gh 
(as  in  lough)  respectively.  Let  these  two  sounds  be  expressed 
by  kh  and  gh  respectively,  and  let  the  undetermined  aspirates 
of*  and  g  be  expressed  by  K^  and  G,  respectively. 

The  affinities  which  invalidate  the  current  opinion,  are, 
first,  the  affinity  which  exists,  and  which  is  recognized,  be- 
tween the  mute  sounds  of  6,  and  v  and  the  semivowel  sound 
of  to;  and  secondly,  the  affinity  (existing  and  recognized)  be- 
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tween  the  semivowel  sounds  of  y  (as  in  ya)  and  the  mute 
sound  of  g  (as  in  ga). 

The  sound  of  w  (as  in  im)  is  to  the  sound  oft?  (as  in  va) 
in  a  certain  degree  of  relation ;  and,  through  this,  it  is  allied 
to  b  (as  in  ba\  in  a  manner  determinable  by  the  relation  of 
V  and  b :  and,  again,  y  (as  in  ya)  is  to  g  (as  in  ga)  as  b  is  to 
V.  Hence  it  arises  that  the  sound  which  shall  be  to  ^  as  v  is 
to  £,  shall  be  to  g  andy  as  i;  is  to  i  and  id.  Expressed  formally, 
the  fact  stands  thus : 

Gx :  g  and  y  \:  vi  b  and  to. 

In  a  short  tract,  published  in  1835,  I  stated  that  the  sound 
in  point  must  be  on  the  "y-side  of  ^,"  and  that,  although  a 
ludicrous  mode  of  speaking,  expressed  my  meaning  fully. 

The  conditions  then  o/*Gx  are,  that  it  must  be  m  a  certain 
relation  to  g  and  yi  in  which  relation  I  am  satisfied  that  gk 
is  not. 

It  may  not  be  thought  superfluous  to  remark,  that  the  two 
last  assertions,  that  is,  the  assumptions  of  the  question  in  hand, 
are  made  irrespective  of  any  previous  reasoning.  I  consider 
that  they  rest  upon  the  evidence  of  our  sense  of  hearing. 
Expressed  formally,  the  facts  and  inference  are  as  follows : 

Gx  :  g  and  y  iwxb  and  vo  •  which  gh  is  not. 


What^A  is,  is  another  question.  Unless  the  number  of  mutes 
is  to  be  reduced  to  four,  sounds  like  6,  pj  f^  ti,  &c.  &c.  must 
be  considered  not  as  varieties  of  a  given  typical  sound,  but  as 
sounds  specifically  distinct :  and,  again,  unless  the  number  of 
mutes  is  to  be  indefinitely  increased,  sounds  like  the  /  and 
d  cerebral  of  the  Hindoos  (I  speak  in  the  way  of  illustra- 
tion) must  be  considered,  not  as  sounds  specifically  distinct, 
but  as  varieties  of  a  given  typical  sound. 

To  come,  then,  under  the  necessary  conditions,  the  sound  of 
Gx  must  be  specifically  different  from  that  of  G.  Now  Gh 
(as  may  be  shown  at  another  time)  is  no  specific  sound,  but 
only  a  variety. 

The  force  of  the  words  specific  and  variational  depends 
upon  their  definitions.  To  say  that  J;  is  a  variety  of  t  is  true  or 
false,  according  to  the  definition  of  the  term  variety ;  and  the 
assertion  is  objectionable  only  on  the  score  of  inconvenience. 
To  say,  however,  that  ]?  is  a  variety  of  s  (as  is  often  said  by 
those  who  are  strangers  to  the  sound)  involves  something 
more  than  an  inconvenient  definition.  It  is  an  error  in  re- 
spect to  the  fact. 

Having  (to  my  own  satisfaction  at  least)  inferred  that  Gh 
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was  not  Gxf  I  was  left  to  consider  what  really  was  G^f  and 
whether  sueh  a  sound  either  actually  existed  or  was  capable 
of  existing. 

I  drew  the  distinction  between  the  actual  and  the  possible 
existence  of  a  sound  for  the  following  reason.  It  is  very  evident 
that  although  an  articulation  may  be  capable  of  being  both 
formed  by  the  larynx  and  distinguished  by  the  ear,  it  may 
not  exist  m  any  spoken  language ;  in  other  words,  it  does  not 
follow  that  because  a  sound  exists  in  posse  it  exists  in  esse 
also.  If  the  French  were  the  universal  language,  the  sound  of 
the  English  th  would  exist  only  in  the  capabilities  of  the  ear 
and  larynx ;  it  would  be  a  sound  in  posse j  or  a  latent  sound. 

Now  against  Gx  being  a  possible  sound,  I  knew  of  no  rea- 
son except  the  accident  of  its  not  being  found  in  any  of  the 
well-known  languages ;  whilst  in  favour  of  its  beine  one  were 
the  analogies  of  the  other  mutes.  This  latter  tact  having 
convinced  me  that  the  sound  in  point  was  within  the  compass 
of  the  vocal  organs,  I  conceived  it  possible  that  (two  facts  being 
ascertained)  it  might  be  formed  a  prior i^  that  is,  independent 
of  imitation.  These  two  facts  were,  first,  the  determination 
of  the  difference  between  an  aspirate  and  its  lene  in  respect 
to  their  sounds ;  secondly,  the  determination  of  the  same  in 
respect  to  the  disposition  of  the  parts  of  the  mouth  and  larynx* 
In  the  midst  of  my  investigations  an  accident  intervened,  that 
solved  all  the  difficulties.  I  found,  in  Rask's  Laplandic 
Grammar,  the  description  of  a  rare  and  peculiar  sound.  It 
wa^  not  GA ;  nor  yet  was  it  either  G  or  Y.  //  'was  something 
between  the  two.  This  threw  a  light  upon  the  question ;  so 
that  all  that  now  remained  for  me  to  do,  was  to  hear  the 
sound.  In  the  town  where  I  was  residing  there  was  a 
Laplander  from  Norwegian  Finraark,  whom  the  Norse  go- 
vernment were  instructing  in  reading  and  writing.  Havmg 
sent  for  this  person,  and  having  set  before  him  the  words  that 
Rask  had  given  as  examples,  I  found  that  his  pronuncia- 
tion of  the  sound  in  point  coincided  with  the  description  of 
Rask,  with  my  own  previous  notions  as  to  its  nature,  and, 
consequently,  with  the  conditions  of  Gx;  in  other  words,  the 
Lappish  T  (so  expressed  in  Rask's  Grammar)  was  Gx* 

Now,  m  the  foregoing  notices,  nothing  has  been  said  con- 
cerning K  and  £^.  Nothing  has  been  said  concerning  them^ 
because  it  is  so  evident  that  they  follow  tlie  analogies  of  G 
and  Gx9  that  any  mention  of  them  would  have  b^n  super- 
fluous. The  existence  in  posse  of  Kx  I  consider  to  be  all  but 
demonstrated ;  of  its  existence  in  esse  I  am  less  certain.  It  is 
probable  that  in  some  of  the  Greek  dialects  k  is  pronounced 

Phil.  Mag.  S.  3.  Vol.  18.  No.  115.  Feb.  1841.        K 
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In  certain  dialects  of  the  same  language  I  imi^ne  that 
7  B8  Gm*  The  letter  g  in  the  mouth  of  a  native  of  Berlin,  ia 
pronounced  (as  I  am  told)  intermediately  to  G  and  Y.*  If  this 
be  true,  it  is  in  all  probability  G^.  It  is  probable  that  in  cer- 
tain dialects,  or  in  certain  stages  of  the  Anglo-Saxon,  ;  ^^^ 
been  sounded  as  Gz* 

«  *  »  :|c 

Kz  then  being  represented  by  x,  and  Gk  by  y,  we  have,  as 
an  exhibition  of  the  svstem  formed  by  the  sixteen  mutes,  the 
following  table  of  double  relations. 

Lene.  Aspirate. 

Hard.    Soft  Hard.     8oft 

P       •        b    m  f      •        y>    • 

i     9     d  ,  b    0    ^  • 

I  consider  that  these  relations  are  immutable  and  essential, 
independent  of  the  physiological  arrangement,  in  their  forma- 
tion, of  the  parts  of  the  mouth  and  larynx,  and  independent 
of  their  interchanges  in  the  grammars  of  particular  langua^. 
I  consider,  moreover,  that  the  number  of  specifically  distinct 
mutes,  independent  of  the  fact  of  their  being  found  in  lan- 
guages, is  neither  more  nor  less  than  sixteen,  and  that,  in  the 
present  state  of  our  knowledge,  there  is  no  more  convenient 
mode  of  distinguishing  mutes  from  other  articulations,  than  by 
saying  that  every  mute  is  one  of  four  sounds,  each  of  which 
forms  a  part  of  a  system  of  four,  and  each  of  which  is  to  some 
other  hard  or  soft,  and  lene  or  aspirate. 

XXV.  Reply  to  Mr.  Airy's  Remarks  on  Professor  Challis's 
Investigation  of  the  Motion  of  a  small  Sphere  vibrating  in  a 
resisting  Medium.  By  the  Rev.  J.  Chai.lis,  Pkaniam 
Professor  qfAstronony  in  the  University  of  Cambridge. 

To  the  Editors  qfthe  Philosophical  Magazine  andJoumaL 

Gemtlemek, 
A  LLO  W  me,  through  the  medium  of  your  Journal,  to  ex- 
-^*-  press  my  thanks  to  Mr.  Airy  for  calling  my  attention,  by 
his  letter  in  your  Supplementary  Number,  to  a  step  in  my 
solution  of  the  problem  of  the  resistance  to  a  sphere  vibra- 
ting in  an  elastic  medium,  which  I  had  left  unexplained. 
I  have  certainly  considered  it  possible  that  the  velocity  of  the 
fluid  at  a  given  distance  from  the  centre  to  or  from  which  it 
is  directed  may,  at  a  given  instant,  be' different  in  different  di- 
rections from  the  centre,  provided  there  be  no  abrupt  variation. 

[*  The  letter  g,  at  least  when  final,  is  precisely  so  pronouDced  hy  the 
Swedes.— >£0iT.] 
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For  in  the  case  of  motion  under  consideration,  if  v^  be  the 
velocity  impressed  on  the  fluid  by  the  vibrating  sphere  at  the 
extremity  of  the  radius  drawn  in  the  direction  of  its  motion^ 
the  velocity  impressed  at  the  same  instant  at  any  point  of  the 
surface,  the  radius  to  which  makes  an  angle  0  with  that  direc- 
tion, is  in /act  v^  cos  0^  the  sphere  being  supposed  perfectly 
smooth ;  also  the  ratio  of  the  two  velocities,  which  is  cos  ^, 
does  not  vary  with  the  time.  It  is,  however,  undoubtedly 
true,  as  Mr.  Airy  contends,  that  if  the  motion  be  of  this  kindf, 
the  lateral  pressures,  namely,  those  which  take  place  at  the 
surfiu:e  of  the  sphere  in  directions  perpendicular  to  its  radii, 
should  be  taken  into  account;  and  the  explanation  which  Mr. 
Airy  desires  will,  I  suppose,  be  given,  if  it  be  shown,  as  I  am 
about  to  do,  that  these  pressures  are  taken  into  account  in 
my  solution  of  the  problem  under  discussion.       ^ 

It  will  be  admitted  that  if  the  same  accelerative  force  be  im- 
pressed at  every  instant  on  the  sphere  and  on  ail  points  of  the 
fluid  surrounding  it,  in  the  same  direction,  no  motion  of  the 
fluid  along  the  surface  of  the  sphere  and  no  alteration  of  density 
will  be  thereby  produced.  Conceive  to  be  impressed  on  the 
sphere  at  each  instant  its  own  accelerative  force  in  a  direc- 
tion contrary  to  that  in  which  it  takes  place^  and  the  same  ac- 
celerative force  to  be  impressed  on  all  points  of  the  fluid  in  the 
same  direction.  The  sphere  will  thills  be  reduced  to  rest,  and  the 
case  of  motion  will  become  that  of  a  variable  stream  impinging 
on  a  stationary  sphere.  The  efiective  accelerative  force  at  any 
point  of  the  surface  of  the  sphere  will  be  the  resultant  of  the 
above-mentioned  impressed  force,  and  of  the  force  impressed 
at  that  point  by  the  sphere  in  motion.    This  resultant  is  in 

the  direction  of  a  tangent  to  the  surface,  and  ^  'Ti^^  ^^^ 
accelerative  force  of  the  sphere  at  the  time  ^,  is  equal  to 
-rr-  sin  d,  the  angle  0  being  that  which  has  already  been  de- 
fined. Now  by  a  known  theorem  of  hydro-djmamics,  ]£p  be 
the  pressure,  g  the  density,  and  /  the  efiective  accelerative 
force  at  any  point  5  of  a  line  drawn  always  in  the  direction  of 
the  motion  of  the  particles  through  which  it  passes. 

In  the  instance  before  us  the  line  s  is  along  the  surface  of 
the  sphere,  ds  ss  rdO  (r  being  the  radius  of  the  sphere), 
and  u  V  =^  m  sin  btff  Si  mb  Bin  0  COB  bt.  Hence  by  sub- 
stituting and  integrating, 

P  ^  Pi'^  mbrooB  Ocob  bi. 
K2 
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The  pressure  Pi  corresponding  to  5  =  —  is  that  part  which 

is  common  to  every  point  of  the  surface  of  the  sphere.  Hence 
the  pressure  which  tends  to  put  the  sphere  in  motion,  or 
p^p,,  is  .... 

omr  cos  u  cosot* 
This,  by  the  remark  made  at  the  commencement  of  the  rea- 
soning, is  the  same  pressure  as  when  the  fluid  is  stationary 
and  the  sphere  in  motion,  and  is  identical,  if  very  small  quan- 
tities be  neglected,  with  the  value  obtained  by  a  very  difierent 
Process  at  Sie  bottom  of  p.  465  of  my  communication  to  the 
)ecember  Number.  The  consideration  of  the  lateral  press- 
ure does  not  therefore  lead  to  any  variation  from  the  former 
result 

The  force  of  this  explanation  will,  perhaps,  be  more  clearly 
seen  by  the  following  remark.  Supposing  the  sphere  at  rest 
and  the  fluid  in  motion,  the  velocity  at  the  position  corre- 
sponding to  d  s=  0  is  nothing.  But  as  the  lines  drawn  at 
any  instant  in  the  direction  of  the  motion  of  the  particles 
through  which  they  pass  nowhere  intersect  the  sur&ce  of  the 
sphere,  it  follows  that  the  particles  about  that  position  are 
successively  carried  along  the  surface  till  at  a  position  corre- 


sponding to  d  =  -^  they  acquire  the  velocity  of  the  stream. 

The  lateral  pressure  is  concerned  in  effecting  this  transfer  of 
the  individual  particles,  while  the  law  of  its  variation  at  any 
instant  along  the  surface  of  the  sphere  is  that  which  is  given 
by  the  preceding  investigation.  When  the  fluid  is  at  rest  and 
tne  sphere  in  motion  the  velocity  impressed  on  any^  particle 
at  the  position  0  s=  0  is  reduced  to  nothing  when  it  arrives 

at  the  position  d  =  —  by  the  same  pressure. 

I  am.  Gentlemen,  yours,  &c. 
Cambricige  Observatory,  Jan.  18, 1841.  J«  Challis. 

XXVI.  Correction  in  a  paper  published  in  the  Philosophical 
Magazine/or  January.  By  G.  B.  Airt,  Esq.fM.A.yF.B.S^ 
Astronomer  Royal. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 

I  AM  indebted  to  the  kindness  of  Mr.  Tovey  for  pointing 
out  an  omission  in  my  investigation  published  in  your 
Number  for  January;  arising,  as  will  frequently  hanpen,  from 
the  difficulty  of  attending  to  every  small  step  when  hastily 
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writing  out  an  investigation  with  whose  results  we  are  fa- 
miliar. 

I  request  you  to  insert  in  your  February  Number  the  fol« 
lowing  correction : 

Philosophical  Magazine,  January  1841,  page  9,  line  6,  read 
as  follows : 

**  Here  a  =  0,  and  the  approximate  investigation  for  r^  at 
the  bottom  of  page  S,  does  not  apply.     Remarkbg,  however, 

2  TT 

that  r^  is  now  =  0,  the  expression  for  -:-—  ^  A*  -f  r?  is  re- 

2  TT 

duced  to  -^  A  +  0 :  the  term  corresponding  to  cos  {e^  cos  6) 
is  cos  0  or  1 :  and  the  term  corresponding  to  r —  f    (cos  e  ^ 

cos  0)  (from  0  to  2  ir)  is  —  x  2  tt  =  1.     The  expression  for 

the  intensity  therefore  becomes  1  +  E*^^" 

No  alteration  is  required  after  line  7,  and  the  results  of  the 
investigation  are  in  no  way  affected. 

I  am,  Gentlemen,  yours,  &c. 

Royal  Obseryatory,  Greenwich^  G.  B.  AiaY. 

Jan.  20, 1841. 


XXVII.  On  the  Electricity  of  expanding  Air,  as  connected 
with  the  Electrical  Phenomena  of  Effluent  Steam.  By  Wm, 
Geo.  Armstrong,  Esq. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 
TN  connexion  with  the  experiments  which  I  have  recently 
^  published  on  the  electricity  of  effluent  steam,  it  occurred  to 
me  that  it  would  be  well  to  inquire  whether  similar  effects  to 
those  I  have  described,  could  be  produced  bjr  compressing 
common  air  in  a  receiver,  and  then  suffering  it  to  escape  in 
a  jet,  in  the  same  manner  as  steam  had  been  discharged  from 
a  boiler  in  the  experiments  alluded  to.  With  this  view,  there- 
fore, I  condensed  about  eight  atmospheres  into  a  strong  vessel, 
the  capacity  of  which  was  nearly  six  quarts;  I  then  insulated 
the  vessel,  and  discharged  the  air  through  a  glass  tube  which 
I  had  previously  inserted  for  the  purpose. 

On  the  first  tcial  I  obtained  no  indications  of  electricity 
whatever,  but  upon  repeating  the  experiment  on  a  subsequent 
day,  the  insulated  vessel  became  so  highly  electrified,  when 
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the  air  was  discharged,  as  to  yield  sparks  fully  a  quarter  of 
an  inch  long.  I  afterwards  tried  the  same  experimenta  great 
number  of  times,  and,  strange  to  say,  the  electricity  of  the 
vessel,  though  generally  negative^  occasionally  proved  to  be 
positive.  Sometimes  the  electricity  was  very  strong,  and  some- 
times very  weak,  and  frequently  I  could  get  no  electricity^  at 
all.  By  means  of  an  insulated  conductor  terminating  m  a 
number  of  points,  I  also  obtained  dectricitv  from  the  ejected 
air,  and  found  it  to  be  positive  every  time  I  tried  it. 

I  more  frequently  succeeded  in  producing  an  electrical  de- 
velopment when  the  receiver  was  cold,  ana  contained  a  little 
moisture,  than  when  it  was  warm  and  dry,  so  that  it  is  not 
improbable  that  evaporation  may  even  here  be  the  source  of 
the  electricity.  I  am  by  no  means-sure,  however,  that  my  better 
success  when  the  receiver  was  cold  and  damp,  was  not  mere 
chance,  and  I  only  mention  the  circumstance  as  a  suggestion 
to  persons  who  may  think  proper  to  repeat  the  expenment. 

Newcastle-upon-Tyne,  Wm.*  Geo.  ArmSTROHG. 

Jan.  23, 1841. 

XXVIII.  On  Irish  Tin  Ore.  By  Aquila  Smith,  Esq.^ 
M.D.J  M.B.LA.* 
nPHE  question  has  been  often  asked,  is  tin  ore  found  in 
^  Ireland?  and  I  believe  the  only  reply  which  could  be 
given  is,  that  it  was  said  to  have  been  fouud  in  the  county  of 
Wicklow,  about  the  year  1796,  when  the  gold  mines  were 
worked  on  account  of  the  Oovernment. 

In  the  first  report  on  the  working  of  the  gold  mines,  drawn 
up  by  Messrs.  Mills,  King,  and  Weaver,  dated  1st  August, 
1801,  and  published  in  the  second  volume  of  the  Transactions 
of  the  Dublin  Society,  the  directors  state,  that  **  in  every  in- 
stance, where  the  gold  has  been  found,  there  have  been  also 
found  fragments  ox  magnetic  iroti  ore^  and  quartz  containing 
chlorite  J  iron  ochre^  and  martial  pyrites^  attended,  more  particu- 
larly at  the  works  of  Ballinvally  (on  the  north-east  declivity  of 
Croaghan  mountain),  with  specula  iron  ore^  bronm  and  red  iron^' 
stone,  tin-stone  crystals,  voolframy  and  gray  ore  of  manganese'^ 
(Partii.  p.  147.) • 

Here  we  find  the  existence  of**  tin-stone  crystals,''  an- 
nounced for  the  first  time  in  Ireland ;  and,  strange  to  say,  its 
discovery  does  not  appear  to  have  attracted  any  attention  in  a 
commercial  point  of  view,  nor  even  to  have  been  sought  for 
as  a  curiosity  by  the  mineralogists  of  that  time ;  for  alUiough 
many  minerals  newly  discovered  in  Ireland  are  briefly  de- 

*  Read  before  the  Geological  Society  of  Dublin,  Wednesday,  December 
9tb,  1840 1  and  now  communicated  by  the  Author. 
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scribed  in  the  catalogue  of  the  minerals  in  Trinity  Collcgfc 
Museum,  drawn  up  in  1807  by  the  late  Rev.  Walter  Stephens, 
no  specimen  of  Irish  tin-stone  is  mentioned ;  and  even  at  a 
later  period,  in  1818,  when  my  respected  friend,  Dr.  Whitley 
Stokes,  published  his  catalogue,  Irish  tin-stone  is  not  to  l>e 
found  in  the  list 

These  circumstances  would  almost  induce  us  to  suspect 
that  some  other  substance  must  have  been  mistaken  for  tin- 
stone by  the  directors  of  the  works  at  the  gold  mine. 

The  next  notice  of  this  metal  being  found  in  Ireland  is  in 
the  catalogue  of  Irish  minerals  in  the  museum  of  the  Royal 
Dublin  Society,  published  in  1832  by  the  late  Sir  Charles 
Giesecke.  No.  213  is  thus  described :  <<  tin-stone  of  a  hair- 
brown  colour,  accompanies  frequently,  in  small  grains,  the 
native  gold  found  in  streams  at  Croaghan  mountain,  county 
Wicklow." 

Ever  since  I  have  turned  my  attention  to  mineralogy,  I  have 
anxiously  sought  font  specimen  of  Irish  tin  ore,  in  our  public 
museums,  as  well  as  in  several  private  collections  of  Irish 
minerals,  but  was  unsuccessful  in  discovering  any  such  spe- 
cimen. 

About  six  weeks  ago  I  received,  through  my  friend  Mr. 
Robert  Mallet,  a  small  paper  of  washed  sand  from  the  gold 
works  at  present  canying  on  at  Croaghan  mountain,  under 
the  superintendence  of  Mr.  Suter,  who  sent  me  the  sand  for 
the  purpose  of  having  it  examined. 

I  found  in  it  the  following  minerals : — 

1.  Several  minute  particles  of  native  |^ld. 

2.  Magnetic  iron  ore  consisting  chiefly  of  very  minute 
and  brilliant  octahedral  crystals,  readily  separated  by  the 
magnet. 

S.  Fine-grained  specula  iron  ore,  giving  a  red  streak  when 
scratched  with  a  knife^  and  becoming  magnetic  when  heated.^ 

4.  Numerous  minute  garnets  of  a  pale  red  colour,  some  of 
them  exhibiting  the  planes  of  a  rhombic  dodecahedron,  and 
fusing  readily  without  intumescence  into  a  brilliant  black 
globule. 

5.  Many  fragments  of  an  earthy  looking  mineral,  some  of 
them  presenting  crystalline  planes,  abraded  by  friction;  the 
fracture  was  shining»  and  the  hardness  about  =  6*0  or  that 
of  felspar.  Not  bemg  certain  as  to  what  this  mineral  was,  I 
proceeded  to  examine  it  more  particularly.  In  the  forceps 
when  heated  it  became  yellow,  and  in  a  strong  heat  deposited 
a  white  sublimate  on  the  points  of  the  forceps,  but  it  did  not 
fuse.  I  then  tried  it  on  charcoal,  but  from  the  difficulty  of 
keeping  so  smdl  an  assay  steadily  fixed  under  the  flame,  the 


Digitized 


by  Google 


1S6      Prof.  Sylvester  on  the  Amount  and  DiUribuiion 

only  result  was  that  it  became  yellow  when  heated.  I  next  tried 
it  with  borax,  in  which  it  dissolved  very  slowly,  and  did  not 
colour  the  glass.  I  was  still  at  a  loss  to  say  wnat  it  was,  but 
suspecting  that  it  contained  some  metal,  which  was  indicated 
by  the  white  sublimate,  I  tried  it  with  carbonate  of  soda  on 
charcoal,  and  it  speedily  yielded  brilliant  metallic  globules, 
which  tarnished  rapidly  after  cooling ;  they  were  malleable, 
and  when  flattened  out  presented  the  appearance  of  tin. 

No  doubt  now  remained  as  to  its  nature;  and  I  have  only 
to  add,  in  corroboration  of  the  assertion  of  Messrs.  Mill% 
King,  and  Weaver,  that  **  native  oxide  of  tin  "  exists  in  the 
county  Wicklow. 

XXIX.  Introduction  to  an  Essay  ofi  the  Amount  and  DistribU" 
tion  of  the  Multiplicity  of  the  Roots  of  an  A^ebraic  Equation. 
By  J.  J.  Sylvester,  F.R.S.  SfCy  Professor  of  Natural  Phi-^ 
losophy  in  University  College,  London*. 

T  USE  the  word  multiplicity  to  denote  a  number,  and  di- 
stinffuish  between  the  total  and  partial  multiplicities  of  the 
roots  ofan  algebraic  equation. 

There  may  be  r  different  roots  repeated  respectively  h^  h^ 
..»  A*"  times. 

r  is  the  index  of  distribution. 

Aj  h^  .••  hr  are  the  partial  mutiplicities,  and  ifh  =  Aj+  A^ 
+  ...  +A, 

A  is  the  total  multiplicity. 

The  total  multiplicity  it  is  clear  may  be  defined  as  the  dif- 
ference between  the  index  of  the  equation  and  the  number  of 
its  roots  distinguishable  from  one  another. 

In  this  Intr^uction,  I  propose  merely  to  consider  how  ex- 
isting methods  ma}^  be  applied  to  determine  the  amount  and 
distribution  of  multiplicity  in  a  given  equation,  and  conversely, 
how  equations  of  condition  can  be  formed  which  shall  imply 
a  given  distribution  and  amount. 

Let  the  greatest  common  factor  betweenyj?  (the  argument 

dfx 
of  the  proposed  equation)  and  -y-  be  calledyj  a?. 

And  in  like  manner,  let  the  greatest  common  (actor  of /|  j: 

and  -V  *  be  called/o  ^  .  and  so  on,  till  in  the  end  we  come  to 
dx 

df  X 
fr .  jr,  which  has  no  common  factor  with  -:^^. 

Let  ij  A-g  ...  kr  denote  the  degrees  in  x  of  fstf  x  ...fr .  x 

respectively. 

*  Commujiicatedby  the  Auth<Mr. 
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It  is  easy  to  see  that 
ii^Jf^  partial  multiplicities,  are  less  than  2,  i.  e^  are  each 

units. 
Jc^^'—k^  partial  multiplicities,  will  be  less  than  S,  and 
therefore  either  I  or  2  in  value  respectively,  and  so  on  till  we 
come  to 

Jcr^i  —  kr  which  will  severally  be  between  zero  and  r—  1, 
and  kr     —  0  of  values  intermediate  between  zero  and  r. 
Hence  there  will  be 
k^^2k^-\'k^  multiplicities  each  of  the  value   1  • 

Afj "^  i5  Afg -|- A%  •••  •••  •••  ^» 

••■  •••  •••  •••  ••• 

Ay-1— 2A-y  ...  of  the  value  r— 1. 

and  ^^    •..•••      of  the  value  r. 

In  place  otfx  with  -^^  we  might  employ  -^  with  -J-^ 

and  so  on  for  {the  rest;  the  values  of  k^k^  ...  k^  will  remain 
unaffected  by  this  change ;  but  the  former  method  would  be 
more  expeditious  in  practice. 

The  total  multiplicity  is,  of  course,  =  k^. 

Suppose  now  that  we  propose  to  ourselves  the  converse 
problem  to  determine  the  conditions  that  an  algebraic  e^ua- 
tion  may  have  a  given  amount  of  multiplicity  distributed  m  a 
given  manner. 

If  h^h^h^  ...br  be  used  to  denote  the  given  number  of 
partial  multiplicities  which  are  respectively  of  the  values  1  2 
S  •••  r,  it  is  easy  to  see  that  the  quantities  derived  above  by 
k^k^  •••  kf.  are  respectively  equal  to 

A,  +  2*2  +   +  rAr 

A4  +  2A3  +   +  rVi 

A3  -I-2A4  +   +  rhr^^ 


•••     •••     ••«     ••• 


dfx 
Now  from  ~ —  having  a  factor  of  the  degree  k^  common 

dfx 
withy*;r  we  obtain  ^1  conditions  from  -~^  having  a  factor  of 

the  degree  ^^  common  with^  x  we  obtain  k^  more,  and  so  on. 
So  that  altogether  we  obtain  in  this  way 

*!  +  *«+   *r  conditions. 

But  it  may  easily  be  seen  that  the  total  multiplicity  being 
A-,  the  number  of  conditions  need  never  to  exceed  ky^  in  number, 
no  matter  what  its  distribution  mav  be.  Hence,  besides  the 
enormous  labour  of  the  process,  and  the  extreme  complexity  of 
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the  results,  we  obtain  by  this  method  more  equations  by  far  than 
are  necessary,  and  it  requires  some  caution  to  know  which  to 
reject. 

In  my  forthcoming  paper  (to  appear  in  Phil.  Mag.  of  next 
month)  I  shall  show,  by  a  most  simple  means,  how  without  the 
use  of  derived  or  other  subsidiary  functions,  to  obtain  the 
simplest  equations  of  condition  which  correspond  to  a  given 
distribution  of  a  ^iven  amount  of  multiplicity. 

The  total  multiplicity,  say  m,  being  given  in  as  many  ways 
as  that  number  can  be  broken  into  parts,  so  many  different 
systems  of  m  equations  can  be  formed  differing  each  from  the 
other  in  the  dimensions  of  the  terms. 

These  systems  may  be  arranged  in  order  so  that  each  in 
the  series  shall  imply  all  those  that  follow  it,  and  be  implied 
in  all  those  that  go  before,  without  the  converse  being  satis- 
fied. 

The  subject  of  the  unreciprocal  implication  of  systems  of 
equations  is  a  very  curious  one,  upon  which  the  limits  assigned 
to  me  prevent  me  from  enlarging  at  present.  It  is  closely 
connected  with  a  part  of  the  theory  of  elimination,  which,  as 
&r  as  I  am  aware,  has  either  been  overlooked,  or  has  not  met 
with  the  attention  which  it  deserves ;  I  mean  the  theory  of 
Special  Factors. 

An  example  may  make  what  I  mean  by  these  dear. 

Let  C  be  a  function  (if  my  reader  please)  void  of  jt,  which 
equivalent  to  zero  implies  two  given  equations  in  x  having  a 
common  root 

Let  C  be  rid  of  all  irrelevant  factors,  i.  e.  let  C  be  the 
simplest  form  of  the  determinant,  when  the  coefficients  of  the 
two  equations  are  perfecdy  independent  qualities.  Now  sup- 
pose, as  is  quite  possible  in  a  variety  of  way s^  that  such  rela 
tions  are  instituted  between  the  coefficients  alluded  to  as  make 
C  split  up  into  factors,  so  that  Cs=LxMxN=:0. 

Only  one  of  the  factors,  L,  M ,  N  will  satisfy  the  condition 
of  the  co-existence  of  the  two  given  equations :  the  others  are 
clearly,  however,  not  to  be  confounded  with  factors  of  solution, 
or  irrelevant  factors,  as  they  are  termed,  but  are  of  auite  a  dif- 
ferent nature,  and  enjoy  remarkable  properties,  wnich  point 
to  an  enlarged  theonr  of  elimination,  and  constitute  what  I  call 
special  or  singular  factors. 

I  shall  feel  much  obliged  to  any  of  the  readers  of  your 
widely  circulated  Journal,  interested  in  the  subject  of  this 
paper,  who  would  do  me  the  honour  of  communicating  with 
me  upon  it,  and  especially  if  they  would  (between  now  and 
the  next  coming  out  of  the  Mi^zine)  inform  me  whether  any 
thing,  and  if  so  how  much,  dijferent  from  what  is  here  stated 
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has  been  done  in  the  matter  of  detennining  the  relations 
between  the  coefficients  of  an  equation  corresponding  to  a 
given  amount  and  distribution  of  multiplicity  in  its  roots. 

I  ouffht  to  add,  that  my  method  enables  me  not  merely  to 
determme  the  conditions  of  multiplicity,  but  also  to  decompose 
the  equations  containing  multiple  roots  into  others  free  of  mul- 
tiplicity, i.e.  to  find,  d priori f  the  values  of  the  several  quantities 

Moreover,  other  decompositions,  not  necessary  to  be  enlarged 
upon  in  this  place,  may  be  obtained  with  equal  facility. 
Univeiiity  Coilflge,  London,  or  58  Doughty  Street. 
[To  be  continued.] 
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Nov.  19,  A     PAPER  was  read,  entitled.  Supplement  to  a  paper 

1840.  xjL    ''On  the  Theoretical  Explanation  of  an  apparent 

new  Polarity  in  Light;"  by  George  B.  Airy,  Esq.,  M.A.,  F.R.8., 

Aatronomer  Royal. 

In  a  paper  published  in  the  second  part  of  the  Philosophical 
TransactionB  for  1840*,  the  author  explained,  on  the  undulatory 
theory  of  light,  the  phmiomena  obsenred  by  Sir  David  Brewster, 
and  apparently  indicating  a  new  polarity  in  light.  That  explanation 
was  founded  on  the  assumption  that  the  spectrum  was  viewed  out  of 
focus ;  an  assumption  which  corresponded  with  the  observation  of 
the  author  and  of  other  persons.  But  the  author  having,  since  the 
publication  of  that  memoir,  been  assured  by  Sir  David  Brewster  that 
the  phflBnomenon  was  most  certainly  observed  with  great  distinct- 
ness when  the  spectrum  was  viewed  so  accurately  in  focus  that 
many  of  Frauenhofer's  fmer  lines  could  be  seen,  he  has  continued  the 
theoretical  investigation  for  that  case,  which  had  been  omitted  in 
the  former  memoir,  namely,  when  the  spectrum  is  viewed  in  focus ; 
and  he  has  arrived  at  a  result,  which  appears  completely  to  recon- 
cile the  seemingly  conflicting  statements,  and  to  dispel  the  obscurity 
in  which  the  subject  had  hi&erto  been  enveloped* 

Nov.  26,  1840. — ^Description  of  the  Electro-magnetic  Clock.  By 
C.  Wheatstone,  Esq.,  F.R.S. 

The  obieot  of  the  apparatus  forming  the  subject  of  this  commu- 
nication, 18  stated  by  the  author  to  be  that  of  enabling  a  single  clock 
to  indicate  exactly  the  same  time  in  as  many  different  places,  distant 
from  each  other,  as  may  be  required.    Thus,  in  an  astronomical 

*  An  abstiaot  of  which  appeared  in  L.  B.  &  D.  Phil.  Mag.,  vol.  xvii. 
p.  381^^£oiT. 
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observatory,  every  room  may  be  furnished  v^ith  an  inetrumeiit,  sim- 
pie  in  its  construction,  and  therefore  little  liable  to  derangement,  and 
of  trifling  cost,  which  shall  indicate  the  time,  and  beat  dead  seconds 
audibly,  with  the  same  precision  as  the  standard  astronomical  clock 
with  which  it  is  connected ;  thus  obviating  the  necessity  of  having 
several  clocks,  and  diminishing  the  trouble  of  winding  up  and  regu- 
lating them  separately.  In  like  manner,  in  public  offices  and  large 
establishments,  one  good  clock  will  serve  the  purpose  of  indicating 
the  precise  time  in  every  part  of  the  building  where  it  may  be  re- 
quired, and  an  accuracy  ensured  which  it  would  be  difficult  to  obtain 
by  independent  clocks,  even  putting  the  difference  of  cost  out  of 
consideration.  Other  cases  in  which  the  invention  might  be  ad- 
vantageously employed  were  also  mentioned.  In  the  electro-mag- 
netic clock,  which  was  exhibited  in  action  in  the  Apartments  of  the 
Society,  all  the  parts  employed  in  a  clock  for  maintaining  and  regu- 
lating the  power  are  entirely  dispensed  with.  It  consists  simply  of 
a  face  with  its  second,  minute  and  hour  hands,  and  of  a  train  of 
wheels  which  communicate  motion  from  the  arbor  of  the  second's 
hand  to  that  of  the  hour  hand,  in  the  same  manner  as  in  an  ordinary 
clock  train ;  a  small  electro-magnet  is  caused  to  act  upon  a  pecu- 
liarly constructed  wheel  (scarcely  capable  of  being  described  without 
a  figure)  placed  on  the  second's  arbor,  in  such  manner  that  whenever 
the  temporary  magnetism  is  either  produced  or  destroyed,  the  wheel, 
and  consequently  the  second's  hand,  advances  a  sixtieth  part  of  its 
revolution.  It  is  obvious,  then,  that  if  an  electric  current  can  be  al- 
ternately established  and  arrested,  each  resumption  and  cessation 
lasting  for  a  second,  the  instrument  now  described,  although  unpro- 
vided with  any  internal  maintaining  or  regulating  power,  would  per* 
form  all  the  usual  functions  of  a  perfect  clock.  The  manner  in  which 
hi  8  apparatus  is  applied  to  the  clocks,  so  that  the  movements  of  the 
hands  of  both  may  be  perfectly  simultaneous,  is  the  following.  On 
the  axis  which  carries  the  scape- wheel  of  the  primary  clock  a  small 
disc  of  brass  is  fixed,  which  is  first  divided  on  its  circumference  into 
sixty  equal  parts ;  each  alternate  division  is  then  cut  out  and  filled 
with  a  piece  of  wood,  so  that  the  circumference  consists  of  thirty 
regular  alternations  of  wood  and  metal.  An  extremely  light  brass 
spring,  which  is  screwed  to  a  block  of  ivory  or  hard  wood,  and  which 
has  no  connexion  with  the  metallic  parts  of  the  clock,  rests  by  its 
free  end  on  the  circumference  of  the  disc.  A  copper  wire  is  fastened 
to  the  fixed  end  of  the  spring,  and  proceeds  to  one  end  of  the  wire 
of  the  electro-magnet;  while  another  wire  attached  to  the  clock-frame 
is  continued  until  it  joins  the  other  end  of  that  of  the  same  electro- 
magnet. A  constant  voltaic  battery,  consisting  of  a  few  elements 
of  very  small  dimensions,  is  interposed  in  any  part  of  the  circuit. 
By  this  arrangement  the  circuit  is  periodically  made  and  broken,  in 
consequence  of  the  spring  resting  for  one  second  on  a  metal  division, 
and  the  next  second  on  a  wooden  division.  The  circuit  may  be  ex- 
tended to  any  length ;  and  any  number  of  electro-magnetic  instru- 
ments may  be  thus  brought  into  sympathetic  action  with  the  standard 
dock.    It  is  only  necessary  to  observe,  that  the  force  of  the  batteiy 
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and  the  proportion  between  the  resistances  of  the  electro-magnetic 
coils  and  those  of  the  other  parts  of  the  circuit,  must,  in  order  to 
produce  the  maximum  effect  with  the  least  expenditure  of  power,  be 
varied  to  suit  each  particular  case. 

In  the  concluding  part  of  the  paper  the  author  points  out  several 
other  and  very  different  methods  of  effecting  the  same  purpose;  and 
in  particular  one  in  which  Faraday's  magneto- electric  currents  are 
employed,  instead  of  the  current  produced  by  a  voltaic  battery :  he 
also  describes  a  modification  of  the  sympathetic  instrument,  calcu- 
lated to  enable  it  to  act  at  great  distances  with  a  weaker  electric  cur- 
rent than  if  it  were  constructed  on  the  plan  first  described. 


ROYAL  ASTROKOMICAL  SOCIETY. 
February  14,  1840.     Annual  Meeting, 
Extracts  from  the  Report  of  the  Council. 

"  Twenty  years  have  now  elapsed  since  this  Society  was  in- 
stituted :  during  which  period,  tiie  advances  in  Astronomy,  both 
theoretical  and  practical,  must  be  evident  to  the  most  ordinary 
observer.  For,  not  only  have  public  and  private  observatories  been 
multiplied  beyond  any  former  example,  but  a  great  impulse  has, 
genendly,  been  given  to  every  department  of  the  science.  There  is 
now  scarcely  a  single  branch  of  astronomy  that  is  not  pursued  in 
detail  by  one  or  other  of  the  many  active  astronomers  of  the  pre- 
sent  day;  whether  requiring  the  laborious  exertions  of  the  ob- 
servatory, or  the  equally  arduous  investigations  of  the  closet.  In 
the  construction  and  manipulation  of  instruments  also^  great  and 
important  improvements  have  been  made,  which  have  introduced  a 
system  of  accuracy  and  minuteness  unprecedented  in  former  times. 
If  this  Society  has  not,  indeed,  been  the  originator  of  this  happy 
state  of  things,  it  has  at  least  cordially  assisted  in  the  impulse :  and 
let  us  hope  that  the  next  twenty  years  will  be  distinguished  by 
similar  exertions,  and  crowned  with  equal  success. 

"  Amongst  the  losses  by  death,  during  the  past  year,  the  Council 
have  to  announce  the  decease  of  his  Majesty  ^e  King  of  Denmark, 
one  of  the  honorary  members  of  the  Society,  and  a  great  patron  of 
the  science  of  Astronomy.  In  the  year  1832,  his  Majesty  founded 
a  gold  medal,  for  the  first  discovery  of  a  telescopic  comet  not 
previously  known ;  and  in  November  1835,  the  conditions  on  which 
the  medal  was  to  be  awarded  were  read  at  the  meeting  of  this 
Society,  and  published  in  the  Monthly  Notices.  It  is  somewhat 
remarkable,  that  from  that  period  till  within  a  few  hours  of  his 
Majesty's  decease,  when  the  recent  comet  was  observed  by  M. 
Ghdle  at  Berlin,  no  discovery  of  the  kind  had  been  made  ;  although, 
some  years  previously,  a  considerable  number  of  comets  had  made 
their  appearance:  and  his  Majesty's  liberal  intention  had,  conse-> 
quently,  been  nearly  frustrated.  It  will  be  gratifying  to  the  Society 
to  know  that  his  Majesty's  successor,  the  present  King  of  Denmark, 
IS  also  a  patron  of  our  science ;   and  it  is,  therefore^  with  much 
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pleasure,  that  the  Council  propose  that  he  be  elected  an  hononoy 
member,  in  the  place  of  his  late  predecessor*. 

"  The  other  losses  that  the  Council  have  to  deplore,  are  those  of 
Mr.  Davies  GUbert,  Professor  Rigaud,  and  Mr.  Epps. 

"  Mr.  Dayies  Gilbert  was  bom  on  the  6th  of  March,  1767,  in  the 
parish  of  St.  £rth,  in  the  west  of  Cornwall.  His  ftither  was  tiie 
Rev.  Edward  Giddy,  his  mother  Catherine  Davies,  a  descendant  of 
William  Noye,  attorney-general  in  the  reign  of  Charles  the  First. 
The  sul^ect  of  this  memoir  was  reared  with  great  care  and  attention 
as  a  child  of  promise  but  not  of  robust  health.  His  early  education 
was  conducted  at  home  by  his  father,  who  was  well  qualified  for  the 
task  as  a  scholar,  and  as  a  man  of  acknowledged  ability  and  at- 
tainments ;  but  his  pupil's  taste  soon  led  him  to  prefer  the  study  of 
the  severer  sciences  to  the  degancies  of  classical  literature;  and 
these  studies  were  pursued  with  an  ardour  not  to  be  repressed.  As 
he  grew  up  it  was  thought  expedient  to  place  him  in  the  grammar- 
school  of  Penzance  (of  which  the  Rev.  James  Parkin  was  then  the 
master);  and  for  that  purpose,  his  parents  removed  for  about 
eighteen  months  to  that  town.  In  the  year  1782  they  removed  to 
Bristol,  where  their  son's  studies  were  assisted,  for  a  time,  by  Mr. 
Benjamin  Donne.  In  the  year  1786  he  was  matriculated  at  Oxford, 
after  having  been  entered  as  a  gentleman-commoner  of  Pembroke 
College.  He  had  already  made  himself  master  of  considerable, 
mathematical  and  physical  knowledge,  and  had  acquired  the  greater 
portion  of  it  by  almost  unassisted  application.  His  efforts  had  been 
guided  and  aided,  indeed,  by  a  very  friendly  intercourse  with  the 
Rev.  Malachy  Hitchins,  vicar  of  St.  Hilary  (whose  conneidon  with 
the  late  Dr.  Maskelyne  and  the  '  Nautical  Almanac '  is  well  known), 
from  whom,  as  he  has  himself  recorded,  he  obtained,  whenever  it 
Was  asked,  information  '  in  those  sciences  which  afforded  him  unin- 
terrupted entertainment  and  delight  throughout  the  whole  conti- 
nuance of  a  protracted  life.' 

"  During  his  residence  at  Oxford,  he  was  a  regular  attendant  at 
the  lectures  on  anatomy  and  mineralogy  of  Dr.  Thomson,  at  Christ 
Church.  He  likewise  attended  with  assiduitv  the  lectures  on  che- 
mistry and  botany  of  Drs.  Beddoes  and  Sibthorp,  and  formed  with 
them  alliances  of  reciprocal  friendship,  which  terminated  only  with 
their  lives.  His  society  was,  in  fact,  courted  by  his  seniors,  and 
included  a  long  list  of  the  most  eminent  among  tiie  professors  and 
other  distinguished  men  of  the  University. 

"  He  took  the  honorary  degree  of  M.A.,  and  continued  to  reside 
much  in  his  college,  until,  in  1793,  he  returned  to  Cornwall  to 
ierve  the  office  of  sheriff,  where  his  time  was  divided  between  the 
cultivation  of  science  and  literature,  and  the  duties  of  a  magistrate 
in  a  populous  and  busy  county, 

*'  Soon  after  this,  we  find  him  brought  into  closer  contact  with 
the  world,  and  enabled  to  display,  upon  the  wider  stage  of  the  me- 

*  A  resolution  to  this  effect  was  proposed  at  the  meetiDg»  and  onanl- 
mously  carried. 
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tropolis,  those  powen  of  mind  which  had  heen  hitherto  confined  to 
the  narrower  sphere  of  his  native  county,  and  a  few  private  admirers 
and  friends.  He  represented  Helston  in  parliament  in  the  year 
1804 ;  and  at  the  general  election  in  1806,  he  was  chosen  to  repre- 
sent Bodmin,  and  continued  to  sit  for  that  horough,  till,  in  Decem- 
ber 1832,  he  ceased  to  be  a  member  of  the  legislative  body. 

*'  On  the  8th  of  April,  1808,  he  married  Mary  Ann  Gilbert,  only 
niece  of  Charles  Gilbert  of  Eastboum,  in  Sussex,  under  whose  will 
he  came  into  possession  of  considerable  estates  in  that  ^county ; 
and,  in  compliance  with  its  injunctions,  assumed  the  name  and  arms 
of  Gilbert. 

'*  Mr.  Gilbert's  exertions  to  promote  the  objects  of  science  in 
general,  and  to  forward  the  views  of  the  different  scientific  Societies 
of  London  and  other  parts  of  the  United  Kingdom,  with  which  he 
was  connected,  both  in  the  House  of  Commons  and  with  the 
leading  men  of  the  state,  are  well  known,  and  will  be  long  held  in 
remembrance.  He  had  been  early  admitted  into  the  Royal  Society, 
of  which  he  never  ceased  to  be  an  active  and  distingmshed  member ; 
and,  in  1827,  was  elected,  without  opposition,  their  President,  on 
the  resignation  of  Sir  Humphry  Davy,  whose  friend  and  patron  he 
had  been  in  the  early  life  of  that  illustrious  chemist  and  philosopher. 
He  resigned  that  chair  in  November  1830,  and  was  succeeded  in  it 
by  H.R.H.  the  Duke  of  Sussex.  He  filled  the  office  of  President  of 
the  Royal  Geological  Society  of  Cornwall,  from  its  origin  till  his 
death. 

"  Mr.  Gilbert,  as  a  member  of  the  legislature,  and  a  distinguished 
cultivator  of  science,  appeared  to  government  a  proper  assistant  in 
all  public  inquiries  for  which  station  in  society,  and  a  competent 
knowledge  of  mathematics,  formed  necessary  or  useful  qualifica- 
tions ;  and  he  was  accordingly  appointed  a  member  of  the  Board  of 
Longitude,  a  Commissioner  of  Weights  and  Measures,  and  a  Com- 
missioner to  settle  the  Boundaries  of  Boroughs  under  the  first  Reform 
Bill.  He  was  abo  Chairman  of  the  Committee  appointed  to  consi- 
der the  subject  of  the  Measurement  of  the  Tonnage  of  Shipping ; 
whose  plan  (proposed  by  one  of  our  Fellows,  Mr.  Riddle)  was 
passed  into  a  law.  He  was,  indeed,  at  all  times  willing,  when 
called  upon,  to  devote  his  time  and  acqiiirements  either  to  the  pub- 
lic service  of  his  country,  or  to  the  private  aid  of  those  who  appealed 
to  him  for  assistance  or  advice. 

"  After  his  retirement  from  Parliament  and  the  Chair  of  the 
Royal  Society,  he  did  not  resign  himself  entirely  to  repose ;  but 
continued,  notwithstanding  his  increasing  infirmities  of  body, 
actively  to  co-operate  with  his  fellow-labourers  in  the  great  field  of 
science.  He  accepted  a  commission  of  investigation  into  the  Stan- 
nary Laws  of  Cornwall,  and  frequented  the  Societies  of  which  he 
was  a  member  with  undiminished  alacrity  and  zeal,  always  prepared 
to  obey  the  calls  of  duty  or  friendship  with  readiness  of  purpose  and 
gentleness  of  manners. 

"  Mr.  Davies  Gilbert  was  not  a  very  large  contributor  to  the 
Philosophical  Thmsactions.    In  1826,  he  gave  a  paper  on  Suspen- 
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sion  Bridges,  accompanied  by  tables,  which  is  the  most  complete 
account  yet  published  of  the  points  on  which  it  treats.  In  1827, 
he  read  a  paper  on  the  expediency  of  assigning  specific  names  to  all 
such  functions  of  simple  elements  as  represent  definite  physical 
properties  ;  and  in  1830,  a  description  of  the  progressive  improve- 
ments made  in  Cornish  steam-engines.  Very  different  from  these, 
in  the  subject  treated,  is  a  paper  on  the  nature  of  negative  and 
imaginary  quantities,  read  in  1830.  His  last  contribution,  a  conti- 
nuation of  the  tables  relative  to  suspension  bridges,  was  made  on 
May  19,  1831. 

"  He  had  for  some  years  exhibited  symptoms  of  decay.  What 
were  the  causes  of  the  atrophy  so  visible  in  his  form  and  counte- 
nance is  unknown ;  but  in  1839,  he  became  weaker  in  strength  and 
spirits ;  and  though  he  made  a  journey  to  Durham,  and  afterwards 
into  ComwaU,  where  he  presided  for  Uie  last  time  at  the  Anniver^ 
sary  of  the  Royal  Geological  Society  of  Penzance,  and  attended  that 
of  the  Polytechnic  Society  of  Falmouth,  he  was  evidently  unequal 
to  the  task  he  had  imposed  upon  himself,  though  his  powers  of 
mind  were  clear,  quick,  and  apparently  unimpaired.  His  last  visit 
was  to  Oxford,  which  had,  some  years  before,  conferred  on  him  one 
of  the  highest  titles  in  her  power  to  bestow.  From  that  period  he 
never  went  into  public,  but  took  his  last  journey  from  London  to 
his  house  at  Eastboum,  on  the  7th  November.  He  expired  in  the 
presence  of  his  feimily,  on  the  24th  of  December,  1839;  and  his 
memory  will  be  long  cherished  as  that  of  an  ardent  lover  of  science, 
a  liberal  patron  of  merit,  a  kind  friend,  a  mild  and  accomplished 
gentleman. 

"  Mr.  Rigaud"'  was  descended  from  a  French  family  of  consider- 
ation, who,  on  the  revocation  of  the  Edict  of  Nantes,  resigned  their 
property,  and  fled  to  a  foreign  land  for  conscience  sake.  His  ma- 
ternal grandfietther  and  father  had  each  successively  filled  the  office 
of  Observer  to  the  King,  at  Kew ;  an  office  which  was  afterwards 
graciously  conferred  on  Mr.  Rigaud  himself.  Mr.  Rigaud  was 
bom  in  the  year  1774 ;  and  in  1791,  when  little  more  than  sixteen 
years  of  age,  was  matriculated  at  Exeter  College,  Oxford.  He 
was  elected  a  Fellow  of  that  Society  before  he  was  of  sufficient 
standing  to  take  the  degree  of  B.A. ;  and,  as  soon  as  his  age  per- 
mitted, was  appointed  one  of  the  College  tutors.  On  the  dea^  of 
Dr.  Hom8by,in  1810,  Mr.  Rigaud  was  appointed  Savilian  Professor 
of  Geometry,  and  Reader  on  Experimental  Philosophy ;  the  duties 
of  which  latter  office  he  had  for  some  time  before  been  discharging 
for  Dr.  Homsby.  In  1827,  Mr.  Rigaud  succeeded  Dr.  Robertson 
in  the  office  of  Savilian  Professor  of  Astronomy  and  Radclifie  Ob- 
server, thereby  relinquishing  the  Professorship  of  Oeometry.  As  an 
astronomer,  Mr.  Rigaud's  attention  was  principally  directed  to  the 
literary  and  historical  department  of  the  science,  for  which  his  ex- 
tensive learning,  and  accuracy  of  research,  especially  qualified  him. 
In  1831,  he  published  in  a  4to  volume,  "  The  Miscellaneous  Woika 
and  Correspondence  of  the  Rev.  James  Bradley/'  to  which  he  pre* 
[•  S«e  L.  and  E.  Phil.  Mag.,  vol.  xv.  p.  524.— Edit.] 
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fixed  copious  memoirs  of  Bradley  himself.  This  work  contains,  be^ 
sides  several  other  unedited  papers  of  Bradley,  his  original  observa- 
tions for  the  determination  of  the  constants  of  aberration  and 
nutation.  These  observations  had  been  lost  sight  of  for  upwards  of 
seventy  years ;  and,  but  for  Mr.  Rigaud's  zeal  and  exertion,  would, 
in  all  probability,  never  have  been  recovered.  Fortunately,  however, 
it  came  to  his  knowledge  that  several  MSS.  of  Bradley  still  existed 
among  the  papers  of  Dr.  Homsby,  then  in  the  possession  of  his  fa- 
mily, by  whom  they  were  readily  given  up  on  application  from  the 
University.  Mr.  Rigaud  was  requested  to  undertake  the  office  of 
editor ;  a  task  which  was  not  an  easy  one,  owing  to  the  confused 
state  of  the  materials  from  which  he  had  to  derive  his  information. 
He  succeeded,  however,  in  producing  a  work  which  will  ever  be  re- 
garded as  a  most  valuable  record  in  the  history  of  our  science.  So 
highly  was  it  esteemed  on  the  Continent,  that  in  the  very  next  year 
after  its  publication,  the  Royal  Academy  of  Sciences  of  Copenhagen 
made  the  reduction  of  the  observations  for  aberration  and  nutation 
the  subject  of  their  piize ;  which  was  adjudged  to  Dr.  Busch  of  the 
Koenigsberg  Observatory,  the  assistant  of  that  illustrious  astronomer 
to  whom  the  reputation  of  Bradley  is  so  deeply  indebted.  As  con- 
nected with  this  subject,  it  may  be  mentioned,  that  it  was  through 
the  instrumentality  of  Mr.  Rigaud,  that  his  late  Majesty,  King  Wil- 
liam IV.,  was  pleased  to  cause  a  monument  to  be  erected  at  Kew, 
to  mark  the  spot  where  Bradley  made  the  observations  which  led  to 
his  great  discoveries.  In  1835,  Mr.  Rigaud  published  a  small  pam- 
phlet, containing  an  account  of  the  '  Astronomiae  Cometicse  S3naop- 
sis'  of  Halley,  and,  in  1838,  the  last  work  he  lived  to  complete, 
'  An  Historical  Essay  on  the  first  publication  of  Sir  Isaac  Newton's 
Principia ;'  which  exhibits,  in  every  page,  the  author's  minute  ac- 
quaintance with  the  events  of  that  important  period.  Besides  these 
works,  Mr.  Rigaud  was  the  author  of  many  papers  read  before  the 
Ashmolean  Society  in  Oxford ;  and  also  of  one  '  On  the  Principal 
Instruments  at  Greenwich  in  the  time  of  Dr.  Halley,'  which  is  in- 
serted in  the  ninth  volume  ^  our  Memoirs. 

'*  In  1827,  Mr.  Rigaud  met  with  a  severe  domestic  affliction  in 
the  loss  of  his  wife ;  an  event  which  left  him  sole  guardian  of  a 
large  family  of  young  children ;  to  the  superintendence  of  whose 
education  much  of  the  attention  of  the  latter  years  of  his  life  was 
devoted.  The  affection  and  solicitude  with  which  he  discharged 
this  duty  was  rewarded  by  bis  being  spared  to  witness  the  academic 
distinction  of  his  eldest  son,  who  is  now  a  Fellow  of  our  Society  ; 
and  the  Council  are  happy  in  being  able  to  state  that  he  is  com- 
pleting the  publication  of  a  collection  of  letters  from  scientific  men 
in  the  beginning  of  the  last  century,  upon  which  his  fietther  was 
engaged  at  the  time  of  his  death ;  and  the  original  documents  of 
which  formerly  belonged  to  Mr.  Jones,  the  father  of  Sir  William 
Jones,  but  now  in  the  possession  of  the  Earl  of  Macclesfield. 

"  Many  members  of  this  Society  have  had  opportunities  of  ob- 
serving the  kindness  and  unaffected  simplicity  of  manner  which 
marked  Mr.  Rigaud's  intercourse  in  private  life ;  and  some  of  them, 
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the  more  sterling  qualities  of  his  character.  For  many  jreaia  {Must, 
howeyer,  he  had  entered  but  little  into  society.  His  almost  constant 
residence,  for  nearly  half  a  century,  was  Oxford ;  and  there  he  ham 
left  a  large  circle  of  friends,  who  had  abundant  opportunities  of 
knowing  his  virtues,  and  who  will  long  regret  his  removal.  In  him 
the  University  has  lost  a  most  devoted  son ;  and  it  is  now  a  conso- 
lation to  remember  that  he  was  ever  foremost  among  those  whom  she 
ddighted  to  honour. 

"  Mr.  James  £pps  was  appointed  Assistant-Secretary  of  tiiis 
Society  in  1830,  and  during  the  eight  years  he  officiated  in  that  ca- 
pacity, he  not  only  merited  the  approbation  of  the  Council  by  the 
ability  and  zeal  with  which  he  discharged  the  duties  of  bis  office* 
but  also  rendered  himself  acceptable  to  the  Fellows  at  large  by  hia 
uniform  urbanity,  his  cheerful  disposition,  and  his  readiness  to 
oblige  on  all  occasions.  Although  he  had  not  the  advantages  of  a 
regular  education,  and  the  occupations  of  his  early  life  left  but  little 
leisure  for  the  cultivation  of  the  sciences,  he  had  acquired,  never- 
theless, very  considerable  knowledge  both  of  theoretical  and  practi- 
cal astronomy ;  and  he  had  also  much  skill  and  experience  in  astro* 
nomical  computation.  He  was  the  author  of  several  papers  printed 
in  our  Memoirs  ;  namely,  one  in  the  fourth  volume,  accompanied  by 
some  useful  tables  for  computing  the  azimuthal  deviations  of  a 
transit  instrument  from  the  observed  passages  of  two  stars  through 
the  vertical  it  describes ;  another,  in  tiie  same  volume,  on  the  enors 
of  the  same  instrument  occasioned  by  the  inclination  of  the  axis  to 
the  horixon ;  one,  in  the  sixth  volume,  on  the  method  of  ascertaining 
the  comparative  rates  of  chronometers ;  and  one,  in  the  ninth  vo- 
lume,  on  the  investigation  of  formulae  for  reducing  observatkms 
made  with  the  annular  micrometer.  He  likewise  recentiiy  contributed 
another  paper  on  the  errors  that  may  be  produced  in  determining 
differences  of  longitude  by  observations  of  moon-culminating  ataiv, 
when  there  are  no  corresponding  observations ;  accompani^  by  a 
table  of  results  deduced  from  comparisons  of  such  observations,  ^rith 
the  places  given  in  the  '  Nautical  Almanac,'  which  has  been  ordered 
by  t^e  Council  to  be  printed  in  the  forthcoming  volume. 

"  In  1838.  Mr.  Epps  resigned  his  office  in  the  Society,  and  re- 
moved to  HartweU  to  superintend  the  private  observatory  of  onr 
excellent  Treasurer,  Dr.  Lee.  For  this  appointment  he  was  emi- 
nentiy  well  qualified.  He  entered  on  its  duties  with  his  nsnal 
ardour;  thus  meriting  the  friendship  and  esteem  of  his  patrcn, 
which  he  continued  to  enjoy  without  interruption  to  the  hour  of  hia 
death.  On  his  removal  to  HartweU,  he  was  elected  a  Fellow  of 
this  Society. 

'*  Mr.  Epps  was  a  man  of  varied  accomplishments  and  extensive 
general  information ;  and  knew  well  how  to  turn  theoretical  know- 
ledge to  practical  account.  He  was  bom  in  1773,  of  humble  but 
respectable  parents  residing  in  Kent ;  and  died  at  HartweU  on  the 
lOtii  of  August  last,  regretted  by  aU  who  knew  him. 

"  In  the  Report  of  t£e  Council  to  the  Society  in  the  year  1838, 
it  was  stated  that  the  pendulum  observations  made  by  the  kOe 
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lamented  lAeot*  Murphy  in  Asia,  had  been  received,  and  placed  in 
the  hands  of  Mr.  Baily,  for  examination  and  reduction.  Since  that 
period,  the  pendulums  themselves  have  arrived,  and  Mr.  Baily  has 
repeated  his  experiments  on  them,  for  the  purpose  of  comparing  the 
results  before  and  after  the  voyage,  witii  those  made  by  Lieut. 
Murphy.  A  Report  on  the  whole  of  these  experiments,  and  on 
their  general  result,  will  be  made  by  Mr.  Baily,  and  read  to  the 
Society  at  one  of  the  evening  meetings.  These  pendulums  are  now 
entrusted  to  Capt.  James  Clark  Ross,  as  already  mentioned,  for  the 
pnrpose  of  making  further  experiments  at  such  places  as  he  may 
find  it  convenient,  during  his  present  scientific  voyage  :  and  they 
are  thus,  for  the  third  time,  placed  in  active  operation. 

**  As  connected  with  this  subject,  it  may  be  mentioned  that  when 
Mr.  Madear  departed  for  the  Gape  of  Good  Hope,  to  take  the 
superintendence  of  the  Observatory  there,  he  took  with  him  one  of 
Kater's  invariable  pendulums,  that  had  been  previously  swung  in 
this  country  by  Mr.  Baily.  That  pendulum  has  recently  been 
retamed  to  this  country,  together  with  a  detail  of  Mr.  Maclear's 
experiments.  The  whole  have  been  placed  in  the  hands  of  Mr. 
Baily,  who  will,  in  this  case  also,  report  upon  the  general  result. 

"  In  slluding  to  the  labours  of  Mr.  Maclear  at  the  Cape  of  Oood 
Hope,  the  Council  may  mention  also  his  intention  of  remeasuring 
the  arc  of  meridian  formerly  measured  by  Lacaille.  Already  have 
the  stations  of  Lacaille  been  satisfactorily  identified,  and  the  lad* 
tudes  of  the  extreme  stations  been  observed,  as  we  have  seen  by  the 
pi^ier  recratly  read  to  this  Society :  and  the  requisite  apparatus  has 
been  sent  out  for  finishing  what  has  been  so  auspiciously  begun. 
Under  the  direction  of  this  able  and  zealous  astronomer,  there  is 
every  reason  to  expect  a  satisfactory  result  to  so  important  an 
operation. 

''  The  Council  have  great  pleasure  in  stating  that  the  eleventh 
volume  of  tiie  Memoirs  of  the  Society  is  now  in  the  press,  and  that 
conaideiable  progress  has  been  made  in  the  printing.  Amongst  the 
papers  that  will  appear  therein,  is  a  very  valuable  catalogue  of  all 
the  stars  that  were  observed  by  Mr.  Airy  during  the  time  that  he 
had  the  superintendence  of  the  Observatory  at  Cambridge.  Partial 
lists  of  those  stars  had  from  time  to  time  been  printed  in  the  several 
volmnes  which  annually  proceeded  from  that  Observatory ;  subject 
however  to  a  slight  correction  for  reducing  them  to  one  and  the 
same  equinox,  in  the  catalogue  about  to  appear  in  our  Memoirs, 
they  are  all  uniformly  reduced  to  the  epoch  1830,  with  the  annual 
precessions  annexed ;  and  are  thus  immediately  available  for  occa« 
sional  reference  and  application.  This  catalogue  will  be  found  to 
fill  up  many  laemue,  and  tend  to  rectify  many  errors  in  former  cata* 
logucs,  arising  either  from  imperfect  observation,  or  from  mistakes 
in  transcribing  or  computing  authentic  records.  It  has  been  found 
of  great  assistance  in  perfecting  and  enlar^ng  the  catalogue  which 
goes  under  the  name  of  the  Catalogue  of  tlus  Society ;  as  it  contains 
several  stsrs  that  had  not  been  observed  since  the  original  observa- 
tions by  Hevelius,  Flamsteed,  and  Bradley.    With  a  view  to  extend 
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its  utility  still  further,  tbe  Council  have  directed  that  an  additional 
number  of  copies  should  be  printed,  and  presented  to  the  Rev.  Mr. 
Challis,  the  director  of  the  Cambridge  Observatory*  with  a  request 
that  they  might  be  distributed  virith  the  forthcoming  volume  of  the 
'Cambridge  Observations:'  a  request  with  which  he  has  readily 
complied. 

"  It  is  also  with  much  pleasure  that  the  Council  can  state  that 
the  extension  of  the  Society's  *  Catalogue  of  Stars/  just  alluded  \o, 
and  which  has  been  undertaken  at  the  suggestion  and  at  the  expense 
of  the  British  Association,  is  in  great  progr^,  and  will  probably  be 
completed  before  the  next  anniversary.  It  is  intended  that  this  en* 
larged  catalogue  sh'all  contain  not  only  every  known  star  in  the 
catelogues  of  Hevelius,  Flamsteed,  Bradley,  Mayer,  Lacaille,  and 
Zach,  but  also  every  star,  in  any  of  the  more  modem  catalogues,  of 
the  sixth  magnitude,  in  whatever  part  of  the  heavens  it  may  be 
situated,  and  every  star  in  such  catalogues  not  less  than  the  seventh 
magnitude,  within  10^  of  the  ecliptic ;  together  with  every  otiier 
star  that,  from  its  peculiar  position,  suspected  proper  motion,  or 
other  extraordinary  circumstance,  may  be  deserving  of  being  thus 
recorded,  and  pointed  out  for  further  observation. 

"  In  the  execution  of  this  work,  considerable  assistance  has  been 
afforded  by  the  four  several  catalogues  published  by  Mr.  Thomas 
Glanville  Taylor,  at  Madras.  The  second  of  those  catalogues  con- 
tains nearly  all  Uie  stars  in  the  Society's  catalogue,  visible  in  that 
latitude ;  and  the  last  two  exhaust  nearly  the  whole  of  Piazzi's  cele- 
brated catalogue.  The  total  number  of  stars  contained  in  these 
four  volumes  is  upwards  of  8800  ;  most  of  which  have  been  observed 
more  than  once,  and  many  of  them  more  than  five  times.  The 
whole  have  been  of  essential  advantage  in  completing  and  perfecting 
the  extension  of  the  Society's  catalogue  above  mentioned :  since  it 
has  enabled  the  computers  not  only  to  verify  the  ix)6itions  of  nearly 
all  the  stars,  but  also^  in  most  cases,  to  deduce  the  proper  motion 
(if  any)  that  belongs  to  each  of  them  respectively.  The  establish- 
ment of  this  observatory  is  highly  honourable  to  the  East  India 
Company,  and  the  fruits  which  it  has  produced  reflect  great  credit 
on  the  zeal  and  assiduity  of  Mr.  Taylor,  the  active  superintendent* 

"  Another  subject  also  undertaken  by  the  British  Association,  is 
the  reduction  of  the  stars  in  the  '  Histoire  Celeste '  (a  work  con« 
taining  about  50,000  observations),  together  with  the  annual  pre- 
cession annexed  to  each  star.  About  one-half  of  this  work 
is  already  executed ;  and,  when  completed,  it  will  afford  a  ready  and 
convenient  reference  to  almost  all  the  stars  (not  circumpolar)  that 
are  visible  in  this  latitude  with  an  ordinary  telescope.  The  positions 
of  the  stars  are  reduced  to  the  epoch  1800,, by  means  of  the  very 
convenient  tables  of  M«  Schumacher;  a  work  which  renders  it 
scarcely  necessary  that  the  computations  should  be  done  in  dupli- 
cate ;  for,  as  every  star  will  be  referred  to  its  original  authority  in 
the  printed  work,  the  astronomer  will  have  an  easy  and  ready  mode 
of  verifying  any  suspected  result,  and  of  rectifying  any  error  that 
may  be  discovered. 
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'*  To  the  British  Association  also,  astronomers  are  indebted  for 
another  work  of  a  similar  kind :  namely,  the  reduction  of  ali  the 
observations  of  stars  made  by  Lacaille  at  the  Cape  of  Good  Hope. 
It  is  well  known  that  only  1942  of  those  stars  were  reduced  by  La* 
caille  himself,  and  formed  into  a  catalogue,  which  is  printed  at  the 
end  of  his  \Ccelum  Australe  SteUiferum  : '  but  the  great  mass  of  his 
observations,  consisting  of  upwards  of  10,000,  have  never  yet  been 
rednoed,  although  they  are  of  equal  authority  with  those  in  the  pub- 
lished catalogue.  The  execution  of  this  work  is  proceeding  under 
the  direction  of  Professor  Henderson  of  Edinburgh,  who  has  been 
kind  enough  to  supply  the  elements  for  the  reduction,  and  to  super- 
intend the  process  of  the  computations  :  and  there  is  every  reason 
to  believe  that  LacaiUe's  new  and  enlarged  catalogue  will,  as  far  as 
the  stars  in  the  old  catalogue  are  concerned,  be  more  entitled  to 
confidence  (since  it  is  founded  on  more  accurate  elements)  than  the 
original  catalogue  published  by  Lacaille  himself.  It  will,  moreover, 
contain  a  great  number  of  other  stars  of  equal  authority,  unknown 
to  astronomers  till  the  appearance  of  the  recent  catalogue  of  Sir 
Thomas  Brisbane. 

"  Connected  with  this  subject  is  another  work  of  great  interest, 
likewise  proposed  by  the  British  Association ;  namely,  a  revision  of 
the  nomenclature  of  the  stars,  and  of  their  division  into  consteUa- 
tions.  It  is  well  known  that  much  confusion  at  present  exists  in 
the  notation  that  has  gradually  crept  into  practice  :  a  notation  now 
without  order,  system,  regularity,  or  uniformity.  Hevelius  was  the 
first  to  break  in  upon  the  arrangement  of  the  constellations  as  pro- 
pounded by  Ptolemy ;  and  Flamsteed  (or  his  editors),  although  he' 
did  not  disturb  the  order  or  number  of  the  constellations  ia  the  ca- 
talogue of  Hevelius,  yet  introduced  some  confusion  by  inserting 
stars  in  one  constellation  that  had  previously  been  considered  as 
belonging  to  another :  Bayer's  mode  of  indicating  the  relative  mag- 
nitudes of  the  stars  in  each  consteUation  was  in  a  great  measure 
lost  sight  of;  and  thus  the  way  was  led  for  that  mass  of  confusion 
which  is  contained  in  Bode's  large  catalogue  of  17,240  stars.  In 
the  southern  hemisphere,  we  find  Halley  and  Lacaille  introducing 
totally  new  consteUations,  frequehtiy  overlapping  each  other,  and 
the  stars  themselves  indicated  by  such  a  profusion  of  letters  (many 
of  them  precisely  similar  and  several  times  repeated  in  the  same 
constellation),  that  it  is  often  difficult  and  not  always  possible  to 
identify  them.  With  the  view  of  applying  a  remedy  to  tiiis  species 
of  scientific  annoyance,  the  British  Association  has  appointed  a 
Committee,  and  placed  funds  at  their  disposal,  for  a  new  arrange- 
ment and  classification  of  the  stars ;  preserving  as  much  as  possible 
the  old  constellations,  and  Flamsteed's  system  of  numerical  order ; 
but  correcting  gross  errors  in  such  arrangement,  and  confining 
the  adopted  constellations  to  known  and  definite  limits.  The 
present  time  appears  peculiarly  fiivourable  for  such  an  undertaking, 
when  so  many  catalogues  are  about  to  be  formed  into  one  uniform 
system.  Those  only,  who  have  had  much  experience  in  such  mat^ 
ters,  can  ftdrly  estimate  the  convenience  and  advantage  to  be  gained 
by  such  a  reform.    It  is  to  be  hoped  that  one  of  the  leading  mem- 
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bers  of  the  Committee  will  favour  this  Society  with  his  views  and 
proposals  on  this  subject,  in  order  that  it  may  have  the  opportiiiuty 
and  benefit  of  a  free  discussion,  prior  to  the  adoption  of  so  important 
an  alteration. 

"  From  amongst  the  several  distinguished  names  that  were  pro- 
posed for  the  Medal  this  year,  the  Council  have  selected  that  of 
M.  Plana,  for  his  elaborate  treatise  entitled  *  Thiorie  du  Mouvewunt 
de  la  Lune  i  *  and  they  trust  that  this  award  will  meet  the  approba- 
tion  of  the  meeting.  The  medal  will  be  delivered  in  the  usinl  sian- 
ner  at  the  close  of  the  meeting ;  and  the  President  will,  in  his  ad- 
dress, explain  the  grounds  on  which  the  Council  have  formed  their 
decision." 

The  President  (Sir  J.  F,  W.  Uerscheh  Bart.)  afterwards  addressed 
the  Meeting  on  the  subject  of  the  award  of  the  Medal,  as  follows  .* — 

Gentlemen, — ^The  Report  of  the  Coundl  to  which  we  have  just 
listened  (with  the  painfil  exception  of  the  losses  the  Society  has 
sustained  in  the  persons  of  those  respected  and  lamented  memben 
who  have  been  so  ably  commemorated  in  that  Report)  is  one  calcu- 
lated to  afford  most  lively  satisfaction ;  and  it  is  so  full  and  complete 
on  every  point  as  to  have  left  me  nothing  to  say,  except  on  that  one 
subject  on  which,  by  ancient  usage,  it  has  been  considered  right  for 
the  Chairman  of  this  meeting  to  add  a  few  words  of  explanation— I 
mean  the  award  of  the  Medcd  for  the  year. 

The  award  of  our  medal  for  this  year,  gentiemen,  to  Signer  Plana 
is  an  act,  as  it  may  at  first  sight  appear,  of  somewhat  tardy  joatice. 
Those  great  works  on  the  lunar  tiieory  (for  which  that  award  is 
made),  and  on  the  perturbations  of  the  planets,  especially  of  Jupiter 
and  Saturn,  have  now  been  so  long  before  the  public,  that  it  may 
almost  appear  as  if,  in  the  dearth  of  matter  of  sufficient  interest  of 
later  date,  your  Council  had  been  ransacking  the  annab  of  modern 
astronomy  to  find  something  on  which  they  might  rely  in  a  kind  of 
inglorious  safety  for  a  justification  of  their  award. 

This  would  be  a  very  erroneous  view,  indeed,  to  take  of  this  sub* 
ject.  So  far  from  experiencing  a  lack  of  matter  to  choose  from 
— so  hir  from  a  deficiency  of  interest  in  the  subjects  which  have 
shared  the  consideration  of  the  Council  in  coming  to  the  oondnston 
they  have  done — there  have  been,  in  fact,  on  probably  no  oocaffion, 
such  powerful  countervailing  claims — and  so  far  from  seeking,  in 
this  award,  a  merely  safe  and  justifiable  course— it  has  required  no 
common  share  of  boldness  and  decision  in  your  judges  to  put  aside 
those  claims,  in  favour  of  M.  Plana's — of  that  boldness  I  mean  which 
is  based  on  justice  and  a  long-sighted  view  of  public  utility. 

Before  I  proceed,  therefore,  to  state  the  reasons  which  have 
weighed  with  the  Council  to  take  the  step  they  have  done,  it  wiU 
be  right  for  me  to  mention,  at  least  in  general  terms,  two  of  the 
subjects  which  have  chiefly  divided  their  attention  on  the  occasion ; 
and  this  I  am  fortunately  enabled  to  do,  infinitely  better  than  I 
could  pretend  to  do  it  on  my  own  knowledge  and  reading,  by  the 
aid  of  most  excellent  reports  on  those  subjects  laid  before  the 
Council  by  Professor  Airy  and  Mr.  Main — the  one  on  the  subject  df 
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IVofeMor  Hansen's  general  researches  in  ph3r8ical  astronomy,  the 
other  on  Professor  Bessel's  and  Mr.  Henderson's  observations  on  the 
parallax  of  those  remarkable  double  stars,  61  Cygni  and  a  Centauri 
— observations  which  it  would  appear,  beyond  question,  have 
brought  us  to  the  very  threshold  of  that  long-sought  portal  which  is 
to  open  to  us  a  measurable  pathway  into  regions  where  the  wings 
of  fancy  have  hitherto  been  overborne  by  the  weight  or  baffled  by  the 
vagueness  of  the  illimitable  and  the  infinite. 

M.  Hansen's  researches  on  the  lunar  and  planetary  theories  are 
every  way  moat  remarkable,  and  seem  likely  to  lead  to  results  of  the 
utmost  generality  and  importance.  He  has  attacked  the  great 
problem  of  Uiree  bodies  (extended,  in  the  conception  and  application 
of  his  methods,  to  the  mutual  perturbations  of  four)  by  a  method 
entirely  novel  in  its  idea,  although  based  on  and  starting  from  La- 
grange's idea  of  the  variation  of  the  elements.  Of  this  method,  it 
would  not  be  easy,  in  words  unaided  by  symbolic  expression,  to  give 
any  distinct  account;  but  its  principle  may  be  stated  in  general 
tenna»  as  assuming  not  the  elliptic  e&ments,  but  the  elliptic  time,  to 
be  sobject  to  perturbation ;  or,  in  other  words,  as  considering  the 
perturbed  co-ordinates,  each  to  arise  from  the  combination  of  inva- 
riable elements  yritik  a  varied  or  perturbed  time,  the  amount  of  whose 
variation  shall  exactiy  account  for  all  that  the  variation  of  the  ele- 
ments accounts  for  in  Lagrange's  method.  The  mere  mention  of 
this  refined  and  abstruse  mode  of  conceiving  the  problem  must  suf- 
fice to  show,  that,  to  cany  it  into  effect,  must  require  at  every  step 
a  contention  of  mind,  a  degree  of  intellectual  effort,  far  surpassing 
what  is  required  for  the  mere  management  of  algebraic  symbols  and 
developments,  however  intricate. 

Whatever  be  the  skill  and  dexterity,  however,  exhibited  by  the 
author  of  this  truly  original  conception,  and  whatever  promise  it 
must  be  considered  as  holding  out  for  the  future  advancement  of  our 
knowkdge  in  this  intricate  research,  it  can  hardly  yet  be  regarded 
as  having  attained  that  extent  of  development  which  it  will  require 
to  supersede  in  the  construction  of  tables,  and  the  actual  calculation 
of  the  lunar  and  planetary  perturbations,  the  methods  already  in  use, 
which  the  researches  of  Clairaut,  Laplace,  Lagrange,  Poisson,  Damoi- 
seau,  and  Plana,  have  wrought  up  to  such  a  pitch  of  practical  per- 
fection. Hansen's  theory  appears  to  afford  what,  in  the  actual  state 
of  our  knowledge,  must  be  regarded  as  most  precious — a  new  handle 
by  which  to  seize  this  refractory  problem — one  of  universal  applica- 
bility and  gigantic  power  and  purchase,  but  of  which  the  manage- 
ment is  not  yet  fully  reduced  to  practice,  and  of  which  even  the  au- 
thor himself  can  scarcely  yet  be  said  to  have  acquired  the  entire 
mastery.  In  the  theory  of  Jupiter  and  Saturn,  indeed,  the  final 
numerical  results  are  obtained,  and  tables  calculated;  but  in  the 
lunar  theory,  which  (in  the  words  of  Mr.  Airy)  "  must  be  considered  . 
as  the  ground  of  his  chief  analytical  triumph,  there  exist  at  present 
only  what  may  be  termed  the  foundations  for  such  a  theory."  "  No 
man  living"  (I  continue  to  use  the  words  of  the  eminent  geometer 
last-mentioned),  ''^No  man  living,  probably,  except  M.  Hansen  him- 
self, could  work  it  into  a  complete  lunar  theory;  and  the  exhibition  of 
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numerical  results  is  here,  therefore,  still  distant."   Let  lis  hope  that 
he  will  not  long  leave  them  so. 

On  the  other  subject  to  which  I  alluded — the  parallax  of  the 
fixed  stars — it  would  be  doing  an  injustice  to  the  valuable  report  of 
Mr.  Main,  which,  as  a  beautiful  specimen  of  astronomical  history. 
I  hope  to  see  ere  long  adorning  our  Transactions,  if  I  were  to  avul 
myself  more  largely  of  it  on  ti^is  occasion  than  is  absolutely  neces- 
sary. It  has  long  been  understood  by  astronomers,  that  the  researeh 
of  parallax  ought  not  to  be  confined  to  the  largest  stars,  but  that. 
in  order  to  determine  our  choice  of  stars  for  this  research,  other 
pritnd  facie  grounds  for  suspecting  a  proximity  to  our  sjrstem  ought 
to  be  taken  into  consideration ;  such  as  great  proper  motion,  or,  in 
t^e  case  of  a  double  star,  great  apparent  dimensions  of  the  orbits 
described  about  each  other.  In  die  case  of  the  double  star  61 
Cygni,  both  these  indications  combine  to  point  it  out  as  deserving^ 
inquiry.  In  that  of  a  Centmtri  they  also  conspire ;  for  it  is  well 
known  that  this  fine  double  star  has  a  considerable  proper  motion ; 
and  my  own  observations  prove,  that  the  mutual  .or^t  described  by 
its  individuals  about  each  other,  is  of  unusually  large  angular  di- 
mension. The  great  brilliancy  of  the  star  also,  and  its'situation  in 
a  region  of  the  heavens  in  which  the  stars,  generally  speaking, 
seem  to  be  less  remote  than  in  others,  all  favour  the  expectation  of 
a  measurable  parallax  being  detected  in  it :  and  such  Mr.  Header- 
son,  from  his  own  observations,  assigns  to  it.  I  am  not  about  to 
criticise  this  result;  on  the  contrary,  I  am  disposed  to  attribute 
much  weight  to  his  conclusion ;  but  it  is  only  on  a  very  long  series 
of  observations  of  absolute  places,  affected  as  they  are  by  instru* 
mental  error  and  uncertainty  of  refraction,  that  any  condusion  of 
this  kind  can  rest  with  security. 

Bessel  has  attacked  the  question  in  a  different  way,  by  measuring 
at  all  times  of  the  year  the  angular  distance  of  the  stars  composing 
the  double  star  61  Cygni  from  two  small  stars  visible  in  the  same 
field  of  view,  and  within  limits  adapted  to  secure  micrometrical 
measurement.  The  method  is  unexceptionable,  the  measurements 
conducted  with  consummate  skill,  and  their  reduction  executed 
with  all  possible  regard  to  every  thing  likely  to  influence  the  result. 
And  that  result  is,  to  assign  a  minute,  it  is  true,  but  perfectly  une- 
quivocal amount  of  parallax,  in  a  way  so  striking  as  hardly  to  allow 
a  doubt  of  its  reality.  Such  is  the  impression  on  merely  reading 
the  numerical  statement ;  but,  put  in  the  light  in  which  Mr.  Main 
has  placed  it,  by  the  graphical  projection  of  the  measures,  the  con- 
clusion seems  quite  irresistible  : 

"  Segnius  irritant  animos  demissa  per  aures, 
Quam  quae  sunt  oculis  sufcjecta  fidelibus,  atque 
Ipse  Bibi  tradit  spectator." 

It  may  now  be  reasonably  asked.  If  all  this  be  so,  why  have  your 
Council  hesitated  to  mark  this  grand  discovery  with  that  distinct 
stamp  of  their  conviction  and  applause,  which  the  award  of  their 
annual  medal  would  confer  ?  A  problem  of  this  difficulty  and  im- 
portance solved,  so  long  the  cynosure  of  every  astronomer's  wishes 
— the  ultimate  test  of  every  observer's  accuracy^-the  great  land- 
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mark  and  ne  plus  ultra  of  our  progress,  thus  at  once  rooted  up  and 
cast  aside,  as  it  were,  by  a  tour  deforce,  ought  surely  to  have  com- 
manded all  suffrages.  It  is  understood,  however,  that  we  have  not 
yet  all  M.  Bessel's  observations  before  us.  There  is  a  second 
series,  equally  unequivocal  (as  we  are  given  to  understand)  in  the 
tenour,  and  leading  to  almost  exactly  the  same  numerical  value  of 
Hie  parallax,  and  not  yet  communicated  to  the  public.  Under  these 
circumstances,  it  became  t^e  duty  of  your  Council  to  suspend  their 
decision.  But,  should  the  evidence  finally  placed  before  them  at  a 
future  opportunity  justify  their  coming  to  such  a  conclusion,  it 
must  not  be  doubted  that  they  will  seize  with  gladness  the  occasion 
to  crown,  with  such  laurels  as  they  have  it  in  their  power  to  extend, 
the  greatest  triumph  of  modem  practical  astronomy. 

M.  Plana  is  well  known  to  the  astronomical  world  as  the  director 
of  the  Observatory  at  Turin,  from  which  have  emanated  some  valua- 
ble series  of  observations.  In  conjunction  with  M.  Carlini,  he  also 
carried  on  diat  extensive  and  important  triangulation  of  the  Savoy 
Alps,  which  have  made  his  name  celebrated  as  a  geodesist.  His 
works,  too,  on  many  other  subjects,  both  astronomical  and  purely 
analjTtical,  are  of  great  importance ;  particularly  his  investigations 
on  the  subject  of  refraction  prefixed  to  the  '  Turin  Observations,' 
from  1823  to  1825,  published  in  1828 ;  those  on  the  motion  of  a 
pendulum  in  a  resisting  medium,  &c.  But  it  is  of  his  researches  on 
the  lunar  theory  for  which  our  medal  has  been  actually  awarded ; 
and  of  these  it  behoves  me  now  to  speak ;  and  I  cannot  do  so  in 
more  clear,  concise,  and  discriminating  terms,  than  those  used  by 
Mr.  Airy  in  his  Report  already  alluded  to : — 

"  The  method  pursued  by  Plana,  in  his  '  Th^orie  de  la  Lune/  is 
slightly,  but  not  importantly,  different  (I  mean  in  the  fundamental 
equations)  from  tiiose  of  his  predecessors,  Clairaut,  Laplace,  and 
Damoiseau.  He  first  starts  with  the  metliod  of  variation  of  ele- 
ments, and  pursues  it  to  such  an  extent  as  to  ascertain  generally 
tte  form  of  the  expressions  connecting  the  longitude,  the  latitude, 
and  the  time.  He  then  reverts  to  Glairaut's  equations;  and,  as 
these  equations  requure  for  the  successive  substitutions  an  approxi- 
mate expression  for  time  in  terms  of  longitude,  he  adopts  a  peculiar 
form  (suggested  by  the  variation  of  elements)  for  the  principal  part 
of  it,  and  attaches  to  that  principal  part  a  subordinate  part  marked 
with  the  prefix  h.  The  same  thing  is  done  for*  the  latitude.  The 
process  then  is  tolerably  direct,  and  is  almost  similar  to  that  of  an- 
tecedent writers.  In  the  fundamental  algebra,  therefore,  tb?re  is  no 
very  great  originality  in  the  plan ;  but  the  mode  followed  in  the 
detail  of  the  work  is  beyond  aJl  praise.  In  the  whole  of  the  analy- 
tical combinations  of  this  immense  work,  every  part  arising  from  the 
combination  of  any  one  term  (however  small)  with  any  other  term, 
is  given  separately,  in  such  a  form  as  to  leave  no  difficulty  in  the 
detection  of  error  to  any  careful  examiner.  The  terms  of  peculiar 
difiiculty  (as,  for  instance,  that  depending  on  twice  the  distance 
between  the  node  and  the  perigee)  are  made  the  subject  of  special 
diBciusion ;  and,  in  some  instances,  the  origin  of  discordance  be- 
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tween  the  author's  results  and  those  of  Laplace  is  investigated  with 
the  same  clearness  which  prevails  through  the  other  op^rationa. 

*'  In  one  respect,  the  plan  of  investigation  differs  much  from 
those  of  his  predecessors,  as  well  as  from  Hansen's.  The  investi- 
gation is  wholly  symbolical :  no  numerical  value  is  introduced*  and 
no  consideration  oif  relation  of  values  entertained,  till  the  final  sub- 
stitutions are  made.  As  an  example  of  theory,  there  can  be  no 
doubt  of  the  beauty  of  this  process.  As*  a  subject  for  practical  ac- 
curacy, it  may  not  be  so  certain  whether  it  is  advisable.  The  con- 
vergence of  the  series  is  sometimes  extremely  slow.  As  far  as  I  can 
observe,  the  accuracy  of  this  method  is  exactly  and  properly  that  €i 
successive  substitution :  but,  in  various  parts  of  the  lunar  theory 
(in  all  places  where  the  terms  rise  two  orders  by  integration),  the 
method  of  successive  substitution  is  not  sufficient ;  in  fttct,  it  is  ne- 
cessary to  assume  a  term  in  order  to  find  its  correct  value.  Adopting 
this  method,  however,  the  author  has  pushed  it  as  for  as*  probably, 
it  will  ever  be  carried,  llie  whole  is  worked  to  the  fifth  order*  and 
some  parts  to  the  seventh  order. 

"  Finally,  the  author  has  detennined  from  observations  the  prin- 
cipal constants  which  require  to  be  substituted  in  the  sjrmbolical  ex- 
pressions, and  has  substituted  them,  and  has  thus  produced  a  set  of 
numerical  expressions  which  nkay  immediately  be  used  for  tiie  for- 
mation of  lunar  tables. 

"  In  terminating  the  remarks  on  the  works  of  these  two  authors. 
Plana  and  Hansen,  I  must  again  express  my  very  great  admiration 
for  both.  But  their  merits  are  of  very  different  kinds.  The  theory 
of  Hansen  is  undoubtedly  of  the  higher  order,  but  it  can  hardly  yet 
be  said  to  be  practical  (at  least  in  the  lunar  theory) :  many  years 
will  yet  elapse  before  it  will  influence  the  lunar  tables.  The  theory 
of  Plana  is  very  good,  and  probably  adequate  in  all  respects :  it  is 
eminentiy  practical  in  form :  it  has  already  influenced  the  investi- 
gations of  other  writers,  and  will  probably  soon  influence  the 
tables." 

There  is  but  one  thing  more  to  add  to  this  dear  and  poweiM 
summary,  and  I  will  supply  it  by  a  quotation  from  the  work  itself  • — 

"  Je  n'ai  pu  me  faire  aider  par  personne ;  j'ai  du  traverser  tetU 
cette  longue  chaine  des  calculs,  et  il  n'est  pas  6tonnant  si  par 
inadvertence  j'ai  omis  quelques  termes  qu'il  feJlait  introduire  pour 
me  conformer  k  la  rigueur  de  mes  propres  principes."  When  we 
look  at  the  work  itself  there  seems  something  almost  awfiil  in  this 
announcement. 

A  very  important  memoir  of  M.  Plana,  on  the  thecnry  of  the  plap 
netary  perturbations,  has  adorned  the  Transactions  of  this  Society. 
The  points  of  which  it  treats  are  miscellaneous,  and  some  of  them, 
perhaps,  not  of  the  highest  importance,  except  in  one  point  of  view* 
and  that,  perhaps,  the  most  important  of  alL  Every  one  who  is  at 
all  conversant  with  these  researches  must  be  impressed  with  the 
enormous  interval  which  separates— I  will  not  say  the  mere  dififer- 
ential  equations  of  the  planetary  motions-— but  their  integrals  after 
much  and  intricate  development— from  the  final  numeri^  results 
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on  which  their  tables  are  to  be  construoted ;  that  is  to  say,  the 
eomputed  yalnes  of  the  coefficients  of  terms  having  the  same  argu- 
ment, when  assembled  from  all  the  points  whence  they  arise  in 
the  algebraic  processes  and  amalgamated  together.  M.  Plana  ap- 
pears to  have  proposed  to  himself  the  gigantic  task  of  revising  and 
correcting  not  only  those  algebraic  developments,  but  the  actual 
numerical  calculations  of  the  whole  '  M^ctmique  dleste ;  *  and  this 
pi^>er  contains  many  examples  sufficiently  proving  the  necessity  of 
such  revision,  and  leading  die  way  to  those  further  and  more  elevated 
researches  on  the  theory  of  Jupiter  and  Saturn,  to  which  the  latter 
part  of  this  memoir  must  be  considered  as  having  given  occasion ; 
and  which  are  further  developed  in  several  other  memoirs  published 
in  various  academical  and  other  collections. 

Neitiier  the  time  nor  the  nature  of  liiis  occasion  would  aUow  of 
my  entering  into  any  history  of  the  controversy  to  which  the  revi- 
sion thus  set  on  foot,  and  the  discordant  results  arrived  at  in  this 
memoir,  gave  occasion.  Suffice  it  to  say,  that  errors^-venial,  no 
doubt,  and  such  as  it  would  be  miraculous  did  they  not  exist — 
were  discovered  on  all  sides,  and  the  absolute  necessity  established 
not  merely  of  a  thorough  revision  of  every  part  of  these  immense 
computations,  but  of  printing  and  publishing  the  steps  in  that  regu- 
lar and  methodical  form,  which  alone  can  put  it  in  the  power  of 
aobsequent  calculators  to  lay  their  finger  on  the  precise  point  where 
error  shall  have  crept  in ;  and  to  resume  the  calculations  from  that 
point  without  sacrificing  the  whole  of  what  precedes. 

It  is  this  methodical  clearness-— this  letting  in  of  the  light  on 
every  dark  comer  of  every  intricate  combination  and  heart-breaking 
numerical  calculation,  wluch  may  be  regarded  as  marking  from  this 
lime  a  new  era  almost  in  the  planetary  theory  itself.  In  tiie  *  Mica-- 
mque  CSleite/  we  admire  the  elegance  displayed  in  the  alternate 
interlinking  and  development  of  the  formulae,  and  exult  in  the 
power  of  &  analytical  methods  used ;  but  when  we  come  to  the 
statement  of  numerical  results,  we  quail  before  the  vast  task  of 
filling-in  those  distant  steps,  and  while  cloud  rolls  on  after  cloud  in 
majesty  and  darkness,  we  feel  our  dependence  on  the  conclusions 
attained  rather  to  partake  of  superstitious  trust,  or  of  amicable  con- 
fidence, than  of  clear  and  demonstrative  conviction.  Liet  me  not  be 
misunderstood  as  by  these  expressions  casting  any  reflection  on  the 
conduct  of  that  immortal  work.  •  The  surest  proof  of  its  tides  to 
such  immortality  which  can  be  given,  is  that  microscopic  examina- 
tion subsequently  lavished  on  every  point  embraced  in  its  immense 
outline.  It  is  no  disparagement  to  the  agriculturist,  whose  energies 
have  extirpated  the  wildraiess,  and  estaUished  in  its  place  cultiva- 
tion and  wealth,  that  a  period  shall  arrive  when  his  furrows  shall, 
in  their  turn,  be  replaced  by  the  garden,  and  his  system  of  culture, 
by  a  measured  and  calculated  succession.  Neither  would  I  be  un- 
derstood to  lay  the  sole  stress  of  our  applause  of  M.  Plana's  re- 
searches on  the  luminousness  of  their  statement.  His  analysis  is 
always  graceful,  his  combinations  well  considered,  and  his  con- 
ceptions of  the  ultimate  results  to  be  expected  from  them  perfectly 
just,  and  justified  by  the  results  when  obtained. 
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It  cannot  but  be  agreeable  to  this  meeting  to  know  tbat  omr 
award  is  duly  appreciated  by  M.  Plana  himself,  and  regarded  by  him 
in  the  light  which  it  is  ever  most  desirable  it  should  be,— >4ia  a 
stimulus  to  fresh  researches  and  further  exertions  of  his  powerful 
talents  in  the  same  line  where  they  have  already  reaped  so  rich  a 
harvest.  No  sooner  had  the  Council  decided  on  their  award,  diaii, 
as  in  private  regard  no  less  than  in  public  duty  bound,  I  communi- 
cated to  him  the  result ;  and  his  reply,  which  breathes  the  warmest 
spirit  of  attachment  to  the  Astronomical  Society,  and  of  undimi- 
nished zeal  in  his  own  peculiar  line  of  research,  is  now  before  me. 
In  the  absence  of  any  personal  friend  to  receive  it  for  him,  I  shall 
now,  therefore,  present  our  medal  to  Mr.  Rothman  (in  the  absence 
of  our  Foreign  Secretary,  Captain  Smyth),  in  his  name,  and  request 
him  to  forward  it  to  him,  with  our  best  wishes  for  his  health  and 
happiness. 

XXXI*    Intelligence  and  Miscellaneous  Articles. 

ANALYSIS  OF  CHYLE  AND  LYMPH.    BY  G.  O.  BEES,   M.D.)  F.G.S.| 

ETC.* 

THE  following  analyses  of  chyle  and  lymph  have  lately  been  made 
by  Dr.  Rees,  with  the  view  of  ascertaining  what  those  ingredi- 
ents of  chyle  are  which  disappear  ht)m  the  lymph,  and  which  are 
consequently  of  most  service  for  the  nourishment  of  the  body.  The 
fluids  were  both  obtained  from  the  same  animal  immediately  after 
death.  The  subject  of  experiment  was  a  young  ass,  which  was  killed 
by  a  blow  on  the  head  about  seven  hours  after  taking  a  full  meal  of 
oats  and^beans.  The  chyle  was  taken  from  the  lacteal  vessels  before 
entering  the  thoracic  duct,  and  was  therefore  free  from  lymph  ;  the 
lymph  was  from  the  absorbents  of  the  lower  extremity.  Analysis 
yielded  the  following  results ; —  Chyle.  Lymph. 

Water     90237  96-536 

Albuminous  matter    3*516  1*200 

Fibrinous  matter    0*370  0*120 

Alcoholic  extractive 0*332  0*240 

Aqueous  extractive    1*233  1*319 

Fatty  matter 3*601  a  trace  only. 

f  alkaline,  chloride,  sulphate  "j 
Salts <  and    carbonate,    traces  of  >     0*711  0*585 

[^phosphate,  oxide  of  iron. .  J    — ^ — 

100000  100000 

On  these  analyses  Dr.  Rees  makes  the  following  observations : — 
The  albuminous  matter,  as  obtained  from  the  chyle,  contained  a 
substance  in  admixture  which  gave  it  a  dead  white  colour,  and  which 
Dr.  Rees  is  inclined  to  believe  is  identical  with  a  substance  existing 
in  the  saliva.  It  may  be  obtained  from  both  the  chyle  and  saliva 
by  agitating  them  with  aether,  when  the  peculiar  principle  appears 
floating  above  the  inferior  stratum  of  fluid.  Iron  was  found  in  con- 
siderable quantity  in  the  aqueous  extractive  of  chyle ;  and  Dr.  Rees 

*  Abfttract'from  the  Med.  Gaz*  for  Jan.  1st,  1S41. 
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throws  out  the  sug^gestion,  whether  this  peculiarity  in  the  locus  of 
iron  xtLKf  not  in  some  way  relate  to  the  absence  of  the  red  colouring 
matter  of  the  blood.  The  colour  of  chyle  has  been  generally  sup- 
posed attributable  to  the  fatty  matter  contained  in  it ;  Dr.  Rees, 
however,  is  of  opinion  that  the  white  matter  mentioned  above  as 
analogous  to  that  existing  in  the  saliva,  has  a  considerable  share  in 
the  production  of  the  opake  milky  character  of  the  chyle. 

NEW  MINERAL  FROM  LAKGBAKSHYTTA,  NEAR  FAHLUN ;  DE-* 
SCRIBED  AND  ANALYSED  BY  PROFESSOR  O.  B.  KliHN  OF 
LEIPZIG. 

This  mineral  Hes  immediately  on  a  grayish-black  mass,  of  a  me- 
tallic lustre,  which  contains  oxide  of  iron,  but  no  trace  of  arsenic  ; 
and  this  mass  itself  lies  on  fine-grained  bitter-spar. 

The  colour  of  the  mineral  is  in  some  places  like  pale  honey,  in 
others  dirty  white ;  but  there  are  no  definite  limits  between  two  dif- 
ferently-coloured parts.  It  is  of  a  waxen  lustre.  Its  specific  gravity, 
determined  in  water,  is  2*52 ;  its  hardness  between  5  and  6 ;  it  is 
brittle  and  easily  pulverized ;  only  in  one  direction  could  I  perceive 
foliated  cleavage ;  in  that  one  the  fragments  are  tolerably  even,  but 
in  all  other  directions  it  splits  unevenly. 

Heated  by  itself  with  the  blow-pipe  it  becomes  gray,  but  does  not 
melt  even  at  the  edges ;  heated  in  a  glass  tube  it  does  not  yield  the 
smallest  quantity  of  water ;  with  borax  and  phosphoric  salt  it  effer- 
vesces, and  a  smell  resembling  that  of  arsenic  is  evolved ;  both  glasses 
are,  when  melted  on  platina,  transparent,  and  in  every  respect  nearly 
colourless ;  with  soda  there  is,  in  like  manner,  effervescence ;  and 
indications  of  manganese  are  more  or  less  strongly  marked  in  differ- 
ent specimens. 

In  nitric  acid  it  is  perfectly  soluble,  with  greater  or  less  efferves- 
cence, in  different  specimens,  though  it  is  in  all  but  trifling :  in  the 
fluid  we  can  detect  lime,  magnesia,  some  manganese,  besides  a  trace 
of  iron  and  much  arsenic  acid :  also  a  trace  of  chlorine.  Fluorine 
was  not  to  be  found  in  the  mineral. 

Three  analyses  have  given  the  following  results  expressed  in  num- 
bers:— 

Lime    2322        21-31         2096 

Magnesia    15-681       j-^^         15-61 

Protoxide  of  manganese 2- 13  J        '    '  4-26 

Iron,  only  a  trace 

Arsenicacid   58-52  5656 

Loss  by  ignition 0-30  2-95 

Insoluble  matter 023 


99-85  99-57 

Though  the  last  analysis  was  even  made  with  the  greatest  possible 
care,  still  the  great  difference  between  the  quantities  of  lime  and 
manganese  cannot  be  accounted  for;  still  more  the  quantity  of 
manganese  varies  in  different  parts,  which,  indeed,  might  be  ex- 
pected from  its  external  appearance ;  and  then,  according  to  the 
law  of  isomorphism,  it  replaces  an  equivalent  quantity  of  lime.    We 
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may  atsnme,  with  certainty,  that  it  is  carbonic  acid  which  ia  lost  by 
ignition,  but  we  cannot  determine  with  which  base  it  bad  been  com- 
bined ;  most  probably  with  all  three,  for  the  three  soits  of  caibonates 
are  found  in  idmoet  immediate  contact  with  each  other.  Now  if  we  cal- 
culate on  the  last  values  obtained,  being  the  more  carefully  determined, 
and  if  we  assume  that  the  three  bases  are  combined  with  the  quan- 
tity  of  carbonic  acid  in  the  same  proportions  in  which  they  are  found 
throughout,  then  the  lime  becomes  1*21 ;  magnesia  0*90;  and  pro- 
toxide of  manganese  0*25.    After  subtracting  these  carbonates  and 
the  insoluble  matter,  the  remaining  constituents  give  the  following 
proportions,  to  which  we  shall  add  the  twofold  calculation  from  the 
atomic  weights,  and  from  the  quantity  of  oxygen  present  in  each  body. 
Ca  O....      7     199*5     20*90     20*81     5*841 
MgO....     7     144*2     1511     15*50    6*02  >  12*  81     3 
MnO....     1      35*7      3*74      4*22    0*95J 
As  0^4..    10    6750     60*25     59*47  20*69     5 

954*4  10000  100*00 
The  formula  hence  derived  is 

/U  Ca  O  +  As  0.A  .  /U  Mg  O  +  As  0,A 
V^VMnO.  /  +  \^MnO  / 

or,  after  the  mode  of  Berzelius, 

3  Ca  Ot 

3  MgOi^As^Os, 

3  MnOj 
This  mineral  requires  a  particular  name  as  a  new  combination. 
Neither  the  composition  nor  the  external  properties  are  sufficiently 
marked  to  be  expressed  by  it.  I  shall  therefore  make  use  of  a  cus- 
tomary resource  in  miner&dogy,  and  call  the  substance  after  one  who 
has  advanced  the  science ;  and  as  no  one  doubts  that  Berzelius,  who, 
through  the  invention  of  the  doctrine  of  proportions  and  the  for- 
mation of  formulae,  as  well  as  through  his  innumerable  most  accurate 
analyses  of  mineral  bodies,  has  done  so  much  true  service  to  mine- 
ralogy, should  be  awarded  as  much  honour  as  those  whose  names 
are  only  brought  into  the  science  through  the  friendship  or  partiality 
of  some  mineralogist,  I  do  not  hesitate  to  propose  calling  this  new 
compound,  first  found  in  Sweden,  by  the  name  of  Berzelut, 

REMARKABLE  SOLAR  BOW. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal, 
Obmtlemxk, 

The  following  account  of  a  meteorological  phsenomenon  of,  I  be- 
lieve, rather  a  rare  character,  may  not  be  uninteresting  to  you. 

Being  at  St.  Day  with  J.  S.  Enys,  Esq.,  on  the  afternoon  of  De- 
cember 24th,  1840,  my  attention  was  called  by  that  gentleman  to  a 
solar  arc  in  the  west.  Around  the  western  horizon  were  broken 
masses  of  cumuli,  between  and  above  which  the  sky  was  deeply  blue, 
and  with  the  exception  of  a  few  light  cirri,  quite  free  of  douds. 
The  sun  was  not  more  than  ten  degrees  above  the  horizon ;  and,  at 
anang^eof  not  more  than  12  degrees  between  the  hills  to  the  west  of 
St,  Day,  appeared  the  limb  of  a  solar  bow*  strongly  painted^  b«t 
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deficient  of  the  rays  of  greatest  refrangibility,  or  rather  from  the 
singular  crimson  character  of  the  portion  occupied  by  the  red  ray, 
it  appeared  as  if  the  spectrum  was  doubled  on  itself,  and  the  violet 
mingled  with  the  less  refracted  rays.  The  very  remarkable  appear- 
ance and  situation  of  the  bow  necessarily  attracted  the  attention  of 
many  persons,  and  some  who  saw  it  from  Falmouth  harbour,  de- 
scribea  it  to  me  as  being  nearly  in  a  line  with  the  sun. 

It  is  necessary  to  notice,  that  no  rain  was  falling  :  the  day  was 
unusually  fine  for  the  season ;  and  the  temperature,  which  had 
during  the  day  been  above  the  freezing  point,  was  then  certainly 
below  it.  Over  the  hill  on  which  this  phaenomenon  appeared,  was 
slowly  spreading  the  lightest  possible  veil  of  vapour,  so  thin  that 
a  casual  observer  would  have  stated  that  the  rays  were  painted  on ' 
the  most  transparent  air.  It  has  been  suggested,  that  the  pheno- 
menon was  produced  by  an  image  of  the  sun  reflected  from  some 
of  the  clouds  behind  the  orb  itself,  and  it  certainly  appears  to  me 
highly  probable  that  such  was  the  case  ;  and  from  its  similarity  to 
some  of  the  phsenomena  I  have  observed  in  my  experiments  on 
polarized  light,  I  am  almost  inclined  to  look  upon  it  as  an  instance 
of  atmospheric  polarization. 

I  expect  the  frost  bows,  of  which  some  accounts  have  recently 
been  given,  are  of  analogous  character  to  the  bow  I  have  described. 
I  remain*  Oentlemen,  yours,  &c. 

RoBBRT  Hunt, 
Falmouth,  Jan.  2, 1841.  Secretary  Royal  Com.  Polytechnic  Societ}*. 

HETEOBOLOOIOAL   OBSBRVATIONS  FOR  D£C.  1840, 

Otitwick. — Dec.  1.  Haiy :  orercast  and  mild.  8.  Very  fine.  3.  Frosty :  fine, 
4.  Sharp  frost :  overcast.  5,  6.  Hasy.  7.  Overcast.  8.  Rain.  9.  Fh>sty : 
dear.  10.  Thawing:  hasy.  II.  Hazy.  IS,  IS.  Overcast  and  cold.  M.Sharp 
frost  15.  Dry  frosty  air.  16.  Overcast:  snowing,  17.  Snowing:  cloudy: 
seven  fhwt  at  ntcfat.  18.  Frosty :  overcast  and  cold.  Id.  Haty :  rsin.  90^  81. 
Overcast  and  cold.  88 — 84.  Severe  tntL  35.  Intense  frost  t  Dense  fog.  86. 
Thick  hoar  frost  27 — 29.  Foggy.  SO.  Clear:  cloudy:  rain  at  night  31. 
dondy :  clear  and  fine. 

The  incen  temperature  of  this  month  was  lower  than  that  of  any  December 
within  at  least  the  last  forty  years. 

Boston. — Dec.  1.  Cloudy:  rain  early  A.if.  8 — 4.  Fine.  S — 7.  Cloudy.  8. 
Bain:  rain  early  A.ir.  9*  Fine.  10— >13.  Cloudy.  14.  Cloudy:  snow  f.m. 
15.  Cloudy :  snow  A.M.  16.  Snow.  17,  18,  Cloudy.  19.  Rain.  80^81. 
Cloudy.    88^84.  Fine.    85^89.  Cloudy,    sa  Fine:  rain  r.v.     SI.  Fine. 

This  is  the  coldest  December  since  1889. 

AppUffuih  Mante,  Dumfnes-^/dre^—Dec  1.  Rawbutfiur.  8,  S.  Kne  and 
fair.  4.  Slight  showers.  5, 6.  Drissling.  7.  Wet  and  stormy.  8.  Fair,  but 
cloudy.  9,  la  Fair,  but  wet  preceding  night  11— IS.  Fair  throu(^out 
14—16.  HardfVeat  17.  Thaw,  with  slight  driale.  18.  Fhwt  again.  19. 
Sli|^t  frost  A.if.  :  driisle.  80.  Frost :  Aurora  Borealis.  91— S4.  Froet  85. 
Frost  Ajc. :  thaw  r.ic  86.  Frost  egain,  but  cloudy.  87.  Thaw  a«ic.  :  cloudy 
and  dark.  88.  Frost  but  slight.  89.  Fyost^modente.  SO.  Thaw  and  snow. 
SI.  Raw  and  drissly. 

Sun  shone  out  81  days.    Rain  foil  9  days.    Snow  1  day.    Fh>st  14  days. 

Wind  north  1  day.  North-north-^aat  1  day.  North-east  7}  days.  £ast.nortfa. 
east  1  day.  East  4  days.  £ast-south«east  S  days.  South-east  S  days.  South* 
south-east  1  day.  South  1  day.  South-west  3}  days.  West-south-west  1  day. 
West  8  days.     North-west  2  days. 

Calm  IS  dqra.  Moderate  S  dayi.  Brisk  6  days.  SCroDg  hieeze  1  day. 
BobtcrouB  4  dayiu 
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XXXII.  Oa  certain  points  in  the  Theory  of  Undulations^  re- 
lated  to  the  Sfypothesis  of  the  Symmetrical  Arrangement  of 
the  Molecules.  By  the  Rev.  Baden  Powell,  Jlf.il.,  F.R,S., 
4rc.9  Savilian  Professor  of  Geometry,  Oxford*. 

(].)  A  MONO  the  numerous  and  important  accessions 
^^  which  have  of  late  years  been  made  to  oar  know- 
ledge of  the  theory  of  light,  and  the  chief  of  which  have  from 
time  to  time  found  a  place  in  the  pa^es  of  this  Journal,  not 
the  least  valuable  have  arisen  out  of  the  free  discussion  of 
points  of  difficulty  or  objection,  whether  affecting  the  stability 
of  the  theory  itself  or  referring  to  the  structure  of  some  of  its 
subordinate  parts. 

Among  such  topics,  my  present  remarks  relate  to  one 
which  some  time  since  struck  me  as  of  peculiar  importance  j 
originating  in  the  first  instance  in  the  researches  of  Mr.  Tovey 
on  elliptic  polarizationt,  and  further  illustrated  by  several 
communications  from  Sir  J.  Lubbock  %,  yet  involved  in  some 
di£5calties,  from  which  I  do  not  think  anything  hitherto  pub- 
lished has  completely  relieved  it. 

(2.)  More  precisely:  Mr.  To vey's  investigation  §  involves  an 
important  principle,  viz.  the  existence  of  a  relation  between 
the  peculiar  supposed  arrangement  of  the  molecules  of  the 
aetherial  medium  in  space,  and  the  nature  of  the  vibration  as 
elliptic  or  rectilinear.  The  character  of  such  arrangement  is 
indicated  mathematically  by  the  presence  or  evanescence  of 
certain  terms  in  the  differential  equations.     These  terms  had 

•  Communicated  by  the  Author. 

t  L.  &  E.  Phil.  Mag.  vol.  xii.  No.  7\.  Jan.  1838. 

t  Vol.  xi.  No.  69.  Nov.  1837;  Vol.  xii.  No.  71.  Jan.  1838;  Vol.  xv. 
No.  97.  Nov.  1839. 

§  While  this  sheet  was  passing  through  the  press  I  have  been  informed 
by  a  friend,  that  Fresnel  adverts  to  a  similar  principle;^  but  the  time  does 
not  allow  of  my  referriBg  to  it  now  more  particularly. 

Phil.  Mag.  S.  3.  Vol.  18.  Na  116.  March  1841,       M 
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been  regarded  as  evanescent  by  M.  Cauchy  and  others :  and 
this  as  a  consequence  derived  from  the  hypothesis  of  a  unl- 
farm  distribution  of  the  setherial  molecules  in  space.  Mr. 
Tove/s  object  in  the  paper  referred  to  is  to  show  that  when 
this  is  not  the  case,  elliptic  polarization  is  the  result. 

Highly  valuing  this  investigation,  but  conceiving  that  the 
remarkable  conchision  was  not  so  fully  explained  as  its  im* 
portance  seemed  to  render  desirable,  in  a  paper  inserted  in 
the  Phil.  Trans,  for  1838,  part  ii.*,  I  endeavoured  to  establish 
and  further  elucidate  the  conclusion  by  what  seemed  to  me  a 
more  direct  and  perspicuous  method. 

The  intimate  connexion  between  these  theoretical  views 
and  the  important  points  discussed  in  the  brief  but  masterly 
papers  of  Sir  J.  Lubbock,  was  soon  rendered  evident.  The 
direct  object  of  these  papers  was  chiefly  the  illustration  of 
FresneFs  views  respecting  the  axes  of  elasticity  and  the  wave 
surface;  and  there  appeared  at  first  sight  some  degree  of  con- 
tradiction between  these  deductions  and  the  views  just  re- 
ferred to.  I  endeavoured  to  draw  attention  to  the  difficul^  in 
a  short  communication  to  the  British  Association  at  Birming- 
ham, 1839t. 

In  consequence  of  some  correspondence  and  further  dis- 
cussion, I  drew  up  a  supplement  to  my  last-named  paper, 
which  was  inserted  in  the  Phil.  Trans.  1840,  part  i.,  in  which 
I  pointed  out  the  modifications  which  the  former  conclusions 
would  receive  in  connexion  with  the  principles  thus  elucidated. 

This  supplement,  however,  was  very  brief:  other  poinls 
also  appeared  to  call  for  further  notice,  and  the  whole  inves- 
tigation seemed  to  require  re-casting.  My  present  object  is 
therefore  to  offer  in  the  first  instance  a  general  review  of  the 
main  investigation  in  such  a  form  as  I  trust  may  meet  all  the 
difficulties  which  have  been  urged ;  and  further,  to  point  out  its 
bearing  on  the  several  topics  with  which  it  stands  connected. 

(3.)  To  express  undulations  we  shall  suppose  the  common 
formulas  adopted  for  the  vibration  of  a  single  molecule  of 
aether,  the  assemblage  of  which  expressed  by  the  summation 
S,  represents  a  ra^  of  light :  and  as  in  all  the  investigations 
oa  this  subject,  if  0  «2  (  be  the  displacement  of  a  molecule  in 
the  direction  of  the  three  rectangular  axes  of  j?^  ;e,  and 
further  if  we  take  the  ray  as  coinciding  with  the  axis  or,  then 
on  the  principle  of  transverse  vibrations,  we  have 
f=0 

1}  a  S  [a  sin  (« t-^k  x)^  ,,  * 

$=  S  |>sin(«/-Aj:)]  .     ^*'' 

[*  Of  which  an  abstract  appeared  in  L.  &  £.  Phil.  Mag.  vol.  ziii,  p.  9SB2, 
— Edit.] 
t  See  Sectional  Ph>ceedingB,  p.  3. 


Digitized 


by  Google 


in  the  UndulatOfy  Theory.  163 

where  t  i$  the  time  from  the  commencement  of  the  disturb- 
ance^  while  the  velocity  of  the  propagation  of  the  wave  is 

expressed  by      «;  =  -=-  =  —     (2.)  and    k  =  — -  (3.) 

X  being  the  wave-length  in  the  medium. 

In  common  or  unpolarized  light  the  vibrations  are  in  all 
possible  azimuths  round  ;r;  hence  the  coefficients  a  and  |3 
are  wholly  arbitrary  and  independent 

In  plane  polarized  light  we  have^  on  Fresnel's  principles, 

a  se  A  cos  %        /3  ^  A  tin  2  (4.) 

whence  i  is  the  angle  formed  by  the  plane  of  vibration  with 

another  plane,  which  he  terms  the  plane  of  polariisation:  also 

the  squares  of  the  amplitudes  expressing  the  bitensities  of  light, 

««  H-  /3«  =  A*. 

The  Ibrmolas  in  this  case  represent  two  rays  polarized  in 

planes  at  right  angles. 

If  we  consider  only  one  ray  wholly  polarized  in  either 

ir* 
plane,  it  is  equivalent  to  supposing  either  i  =:  0,  or  i  ^  -^ 

or  that  one  of  the  formulas  disappears.  (5.) 

M.  Cauchy,  Professor  Maccullagh,  Mr.  Tovev,  and  other 
mathematicians  term  the  plane  of  polarization  that  in  which 
the  vibration  is  performed.  M.  Fresnel  uses  the  same  term 
to  signify  the  plane  perpendictdar  to  this.  This  difference  in 
terms,  however,  involves  consequences  which  affect  the  sub- 
sequent applications  of  the  theory*.  But  this  will  not  influence 
our  present  investigation. 

In  the  case  of  elliptical  vibrations  we  have  to  consider  no/, 
as  in  the  other  cases,  a  rectilinear  displacement  and  its  re- 
solved parts,  but  a  curvilinear  displacement,  which  is  the  re- 
sult of  two  virtual  rectilinear  displacements  at  right  angles  to 
each  other,  and  in  a  plane  perpendicular  to  the  ray,  and  one 
of  which  is  retarded  behind  the  other  by  an  interval  b.  Thus 
the  expression  will  be  • 

?  =  2[^sin(n/-Aar^£)l,  <^-) 

m  which,  taking  a  sinffle  term,  and  substituting,  we  readily  find 
the  equation  to  the  ellipse  described  by  a  vibrating  molecule, 
the  origin  being  at  the  centre,  the  conjugate  axes  parallel  to 
the  coordinate  axes  of  ^  and  Zj  and  their  values  being 

a  sin  i  33  I  axis  /9  sin  6  ac  ^  conj.  axis        (7.) 

•  See  L.  &  E.  Phil.  Mag.  and  Journal  of  Science,  vol.  xii.  No.  74.  p.  !^9. 
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This  constitutes  elliptically  polarized  light:  if  a  s=  fi/iiia  cir- 
cularly polarized. 

The  retardation  b  is  constant  for  the  whole  ray ;  and  if  we 
suppose  that  for  all  the  ellipses  the  values  of  a  and  of  /3  re- 
spectively are  equal,  these  quantities  will  become  constant  co- 
efficients in  the  summation,  and  we  may  write 

Sa  =  A«  S/3  =  Aj3  (8.) 

And  the  formulas  (6.)  will  become 

n  =«2(sin(n^-ix))  .   . 

?  =  j3  2(sin(n^-i«-fi)).  ^^'^ 

(4.)  In  order  to  obtain  the  equations  which  express  the 
motions  of  a  system  of  molecules,  connected  by  their  attractive 
and  repulsive  forces  so  as  to  form  an  elastic  medium,  (which  is 
the  idea  originally  pursued  by  M.  Navier  and  since  by  M. 
Cauchy  and  others,)  I  will  suppose  the  same  method  followed 
as  in  all  these  investigations,  and  which  it  will  not  be  neces- 
sary here  to  repeat ;  these  ecjuations  in  their  general  form  will 
be  found  in  several  papers  m  this  Journal,  as  in  my  abstract 
of  M.  Cauchy*  (though  in  a  different  form) ;  in  Mn  Tovey*s 
paper  f ;  or  again  in  my  paper  in  the  Phil.  Trans.  1888,  part  ii. 
eq.  (18.),  and  in  Mr.  Kelland's  memoir,  Camb.  Trans.,  vol.  vi. 
p.  158. 

When  we  adopt  the  supposition  of  the  ray  coinciding  witli 
Xj  as  above,  the  equations  in  question  are 

^  =  7ii2  [♦  (r)  A,,+^^  (r)  Ay{Ay  A,  + A  ;.  A §)]        (10.) 

^  =  i»2[<Kr)A5+vKr)A;r(A;.A?+AyA,)],       (n.) 

where  m  is  the  unit  of  force,  r  the  distance  from  the  molecule 
first  agitated,  Ay  Az  the  differences  of  coordinates  of  the 
molecules  from  the  first,  A  ij  A  ^  the  corresponding  differ- 
ences of  the  displacements. 

It  is  also  material  to  observe,  that  these  equations  have  been 
obtained  without  any  particular  supposition  being  made  as  to 
the  arrangement  of  the  molecules  in  space:  they  consequently 
apply  if  we  imagine  the  molecules  distribtUed  i/i  the  most  irre^ 
gular  or  unsymmetrical  manner. 

(5.)  If  we  consider  the  two  component  displacements  i|  ( 
which  enter  the  above  equation  as  related  in  the  way  ex- 
pressed by  the  formula  (6.), 

ij  =  2  [a  sin  (n/— ia:)] 
?  =  2[/3sin(n/-A:Jc-ft)] 
(in  which,  if  a  /3  and  b  are  assumed  as  before  explained^  we 

«  L.  &  E.  Phil.  Mag.  and  Journal  of  Science,  vol.  vi.  No.  31,  p.  25. 
t  Ibid.  vol.  viii.  No.  43. 
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can  express  the  varieties  of  elliptically  or  circularly  polarized 
li^ht,)  it  is  easy  to  show  this  formula  is  the  solution  of  the 
differential  equations  in  the  form  just  given  (10.)  (IIO9  if  ^ 
have  a  certain  value,  which  we  proceed  to  determine. 
Taking  the  increments  of  these  expressions,  we  have 


Aij  =  2^ 


2  sin*  — ^ —  sin  (« t'^kx) 


(12.) 


A?= 


kis.) 


[- 

—sin  iA  X  cos  (« t^kx)    I 

S  |/3  cos  fi  [  -2  sin«  ^ sin  (» t^k^) 

—sin  A  Ax  cos  (»  ^— Aor)!  \ 
+  2  -T/S  sin  J  r     sin*Aarsin(«^— Arar) 

—2  sin*  —g—  cos  («^— *ar)  1  \. 
Also  differentiating  them,  we  find 
^=  —  n«Sasin(«^— ij:)  (I4J 

j^=s  — ii«2{/3cos  Jsin(«^— Aa:)— /3sinicos(n/— A:a:)}(15.) 
Now  for  brevity  writing 

P  =  ♦  (r)  +  ^^  (r)  A^  ^ 
y  =<Kr)  +  ^^(r)A2r«  I 
y    «  ^(r)  Aj^Aa  r  (^6.) 

2^=:*Aar 
the  equations  (10.)  and  (11.)  will  be  expressed  by 


^  =  m[2(;)Ai,)+2(gA0] 
^=w[2(p'A5)  +  2(yAi,)]. 


(17.) 
(18.) 


And  here  substituting  the  above  values  of  A  ij  A  (^  and  ar- 
ranging the  terms,  these  equations  become 

r+sinft2[/3g     sin2^"1 
-  cos  6  2  [/3  g  2  sin« .  ^J  Uin  (n  t^kx) 
|^^=J-  2[«i>2sin^^j^ 


—  2[«p     sin  2^]^ 

—  cos  ft  2  [/3  y     sin  2  ^  l-cos  in  t-^k  x) 
L-  sini2[^?2sin«    ff]j 


(19.) 
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"+  sin6  2[/3y  sin  3^^ 

-cosftSfja//  2  8m«^  Yan(nt-lcs) 

I  —  2  [«y  28in«f|J 

]  -  2  fay  sin 2^1 

—  cos 6 2  [|3p'  sin  20]  S-cos  («<—*«). 

I — sinA21>i/  2sin*^J 


(SO.) 


On  comparing  these  expressions  with  those  for  the  same 
functions  (14.)  {\5\  which  muKt  be  identical,  and  equating 
the  respective  coefficients  of  sin  {nt—k  x)  and  of  cos  (n  t'^kxjl 
since  they  must  hold  good  fbr  all  values  of  those  terms,  we 
have  the  following  equations: 

{+  sin  &  S  [fig  sin  2  I 
—  cos  6  2  [i3  J  2sin'^ 


2  lap  2  sin*^ 


(21.) 


r —  2  [»p  sin  2^ 

=  m<  —  cos  5  2  r/3c  sin 2^ 


(22.) 


— »'  cos  6  2  5 


-n*  sin  J  2  ^ 


-n«2/3 


=  m<  — 

■4 

last  forms 
ain  ' 

=  m«<  —  CO 
L—  sic 


cos  6  2  [fiq  sin 2^ 
sin  6  2  [^q^sin^ff 

sin  6  2  r/3psin2^ 
cos  6  2  [^y2sin«^  (23.) 

2  [a  y  2  sin*  ff] 

2  [a  9  sin  2  ^ 

cos 6  2  [fii/  Bin2ff\  (24.) 

sin  6  2  [/S//  2  sin*^ 
From  the  two  last  forms  (23.)  (24.)»  by  multiplication  and  ad- 
dition, we  obtain  ' 

2  r^y  28in»i^ 
cos  6  2  [aq  2  8in«q  (25.) 

sin  d  2  [a  ?      sin* 

In  the  case  of  elliptic  polarization  from  the  conditions  be- 
fore stated  (7,  8,  9),  we  can  obtain  from  the  forms  (21.)  and 
(25.), 

fi«-_J5_r      ^  2[y28in«^ 

"    -  A  (a«+j3«)  <  -^  cfl  2  [p  2  sin«^  (26.) 

|^  +  2cos6a/32  [q  28in*fi] 
Also  the  form  (24.)  gives,  on  transposing, 
.    ,  _  w  [a2  (g  sin  2  g)-h/3  cos 6  £  (j/  sin  2  g)] 
^"*^""  n«Aj3-m^2(y2  8in*tf] 

Upon  the  whole,  then,  we  see  that  the  formula  (9.)  for  el- 
liptically  polarized  light,  involving  the  above  value  of  n,  is  the 
solution  of  the  differential  equations  (10.)  (11.)  for  the  motion 
of  a  system  of  molecules  constituted  aa  at  first  supposed. 


(27.) 
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It  is  important  to  bear  in  mind  that  this  solution  has  been 
obtained  solely  from  the  conditions  of  elliptic  polarization,  the 
original  equation  being  in  the  forms  (10.)  (IL)  retaining  all 
its  terms. 

(6.)  If  instead  of  the  formula  (9.)  we  had  taken  the  ex- 
pressions for  the  component  displacements  ij  ^^  as  not  in- 
volving such  a  relation,  but  simply  as  in  the  original  expres- 
sions (I.))  or  supposing  6  ss  0  in  the  forms  ^6.),  we  might 
still  pursue  steps  analogous  to  those  above  exhibited,  though 
with  different  values.  To  trace  these  results  we  have  only  to 
alter  these  formulas  agreeably  to  the  new  conditions.  Thus, 
for  unpolarized  light,  on  making  sin  6  =  0  cos  d  s  1,  we 
have 


from  (21.) 


from  (22.) 


»p2  sin* 
y  2  sin« 


% 


} 


from  (24.)    0  =/ 


2 

2 

S 
2 


[»psia2  0] 
03  9  sin  2  ^ 

r/3p'sin2 


(28.) 


(29.) 
(80.) 


from  (2S.) 


} 


(31.) 


q  sm2 

-mS  r/3p'2sin« 
-m  2  [»q2  sin* 

Now  in  all  these  equations  it  is  evident  that  since  a  and  /3 
are  by  the  original  condition  wholly  arbitrary  and  independent 
both  of  each  other  and  of  the  other  quantities,  these  equations 
can  only  hold  good  for  all  values  whatever^  of  a  and  j3,  if  each 
of  the  terms  involving  respectively  a  and  /3  are  separately 
sx  0,  that  is,  we  must  have 

S 


from 

(29.) 

To  = 

from 

(80.) 

{S= 

from 

(28.) 

0  = 

from 

(31.) 

Os 

from 

(28.) 

Os 

from 

(31.) 

0  a. 

'ap  sm  2 
'fi  q  sin  2 

fipfsm2ff 
\a  q  sin  2  ^ 

fiq^soi^ff 

[aq  2  sin*  6f 


n*  2  «— m  2  [«l>  2  sin*  ^ 
n*2/3-i»2[j3y2sin*^. 


(82.) 
(88.) 

(84.) 
(35.) 

(86.) 
(S7.) 
(88.) 
(89.) 


Hence  the  formula  for  unpolarized  lieht  is  only  a  solution, 
provided  those  conditions  are  fulfilled  in  the  original  equa- 
tions. 
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From  the  last  two  forms  (38.)  (39.)  we  have 

n«  =  ^  2  [«p  2  sin^  0].  (40.) 

n*=^2[j3p'2sin*«].  (41.) 

For    plane  polarized  light  from  the  conditions  (5.)  let 
/3  =  0»  and  the  form  (22.)  will  become 

0  as  2  [«psin2^.  (42.) 

In  like  manner  (23.)  will  give 

0  =  2  [«  g  2  sin*  ^  (43.) 

and  (24.)  0  =  2  [« ?  sin  2  ^ ;  (44.) 

while  from  (21.)  we  find 

n«  =  ^  2  [up2sin^0].  (45.) 

Hence  the  formula  for  plane  polarized  light  is  onfy  a  solution, 
provided  these  conditions  are  fulfilled  in  the  original  equa- 
tions. 

Since  A  i]  and  A  (  are  both  of  the  form 
Msin2«-tN2sin*«, 
the  above  conditions  give 

2(?Aij)  =  0  (46.) 

2(?A?)  =  0.  (47.) 

Thus  when  they  are  fulfilled  in  the  terms  of  the  original 
equations,  those  equations  become,  for  unpolarized  light, 

^  =  S[l.A,]  (48.) 

-^  =  2|yA{0,  (49.) 

while  for  plane  polarized  light  the  second  of  these  forms  dis- 
appears. 

(7.)  Now  recurring  to  the  supposed  constitution  of  the  me- 
dium, to  examine  the  conditions  under  which  these  terms  can 
vanish,  we  may  first  observe,  that  since  none  of  the  factors 
can  separately  become  =  0,  the  terms  can  only  become  no- 
thing bv  sums  with  opposite  signs  being  equal  and  destroying 
each  other. 

That  this  may  happen  depends  on  an  hypothesis  respect- 
ing the  arrangement  of  the  athetial  molecules  in  spaces,  viz. 
that  they  are  distributed  uniformly.  This  is  the  supposition 
adopted  by  M.  Cauchy  and  other  writers. 
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On  tbis  hypothesis  the  axis  x  passing  through  the  first 
molecule  m  in  any  direction,  the  sums  of  the  corresponding  di- 
stances of  all  the  other  molecules  on  each  side  of  it,  whether 
in  the  plane  of  y  or  Zy  will  be  equal  for  all  positions  of  x  in 
the  medium. 

It  is  easily  seen  that  the  respective  sums  of  products 

^r  sin 2  0      ^r £iy^  sm2  0      4fr  A  2*sin  2 5 

4f  r  A^  A  z  sin  2  0 

with  opposite  signs  will  be  equal.  Thus  we  shall  always  have 

2  [«  g  sin  2  ^  =0" 
2  [«  /?  sin  2  0' 
2  [«//sin2^ 

Whenever  these  terms  are  evanescent,  it  is  easy  to  show 
that  we  always  have  also 

2  [ag2sin«^  =  0;  (51.) 

and  similarly  for  the  like  terms  involving  )9,  by  a  simple  trans- 
formation of  coordinates,  as  explained  by  Sir  J.  Lubbock  in 
his  valuable  paper*.  That  paper  indeed  relates  to  the  more 
general  views  of  the  subject,  to  which  I  shall  refer  in  the  se- 

3uel ;  but  the  particular  process  in  question  is  independent  of 
lese  views. 
Thus  the  hypothesis  of  symmetrical  distribution  gives 

2  [?Aij]  =0  2  [gAfl  =  0  (52.) 

and  the  original  equations  are  reduced  to 


:•}■- 


-^  =  2[pA,] 

(53.) 

#  =  2[;''A?]; 

(54.) 

or  restoring  the  original  values, 

^  =S[(*(r)  +  ,Kr)Ay«)A,] 

(55.) 

^   =2[(*(r)+<,(r)A.')A<]. 

(56.) 

That  is,  the  equations  are  reduced  to  precisely  the  same 
form  by  the  hypothesis  of  uniform  distribution,  as  they  are  on 
the  hypothesis  of  unsymmetrical  distribution,  by  the  condi- 
tions of  plane  polarized  and  unpolarized  light 

Thus  the  formulas  iov  plane  polarized  and  unpolarized  light 
are  only  solutions  of  the  original  equations  when  in  the  same 
form,  to  which  they  are  reduced  by  symmetrical  distributioti. 

*  L.  &  E.  Phil.  Mag.  and  Journal  of  Science^  vol.  xv.  November,  1839. 
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For  elliptically  polarized  light,  on  the  hypothesis  of  synt- 
metrical  distribution,  ive  can  follow  out  results  analogous  to 
those  above  obtained.  We  should  have  instead  of  the  form 
(21.), 

n«A  =  mS|>2sin««];  (57.) 

and  instead  of  (25.)) 

n«  A  =  wi  S  [;/  2  sin"  ^],  (58.) 

which  is  identical  with  the  former,  whence  we  have  p  =  j^; 
also, 

»'  =  -?  2[>2sin«fi].  (59.) 

The  formula  (27.)  is  thus  reduced  to 

sin  6  -  ^  (60.) 

Thus  (although  with  altered  values)  the  formula  for  elliptic 
polarizatiofi  is  a  solution  of  the  original  equation  equalfy  in 
the  form  (10.)  (ll.)»  and  when  reduced  to  the  form  {55.) 
(56.)  by  the  hypothesis  oi  symmetrical  distrihUion.  In  other 
words,  of  the  equations,  in  the  form  (10.)  (1  !.)>  the  formula  for 
elliptic  polarization  is  the  only  solution:  in  the  form  (55.) 
{56.)  the  formulas  for  elliptic  vibrations  or  rectilinear  in- 
differentlv  are  solutions. 

(8.)  Thus  it  follows,  that  if  we  suppose  the  astherial  mole- 
cules unsymmetricaUtf  distributed,  then  elliptic  polarization 
alone  is  the  result.  Mther  so  constituted  cannot  admit  recti" 
linear  vibrations.  Light,  therefore,  entering  such  a  portion  of 
sether  necessarily  becomes  elliptically  polarized. 

If  we  suppose  the  molecules  symmetrically  distributed,  this 
is  compatible  with  either  elliptic  or  rectilinear  vibrations  in- 
differently. Either  therefore  will  be  propagated  according 
to  the  condition  of  the  intromitted  ray. 

Thus  elliptic  polarization  is  traced  to  its  cause  in  the  simple 
consideration  that  the  vibrations  which  constitute  it  are  neces* 
sarily  produced  when  waves  are  propagated  through  any 
portion  of  aether  in  which  a  symmetrical  arrangement  of  the 
molecules  does  not  subsist. 

The  investigation  conducted  by  Mr.  Tovey's  method*,  is  di- 
rected to  showing  by  the  equations  (4.)  of  his  paper,  that  when 
the  sums  involving  the  odd  powers  of  the  differences  are  not 
evanescent,  the  quantities  b  and  p  (the  ratio  of  the  semiaxes  of 
the  ellipse)  are  determinate ;  or,  in  other  words,  the  expressions 
must  belong  to  ellipses,  or  in  a  medium  so  constituted  as  to 
make  those  sums  finite,  elliptical  polarization  will  result  When 

•  L.  &  £.  Phil.  Mag.  and  Journal  of  Sdence,  vol.  xu.  p.  10. 
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the  sums  jast  mentioned  vanish,  then  it  is  seen  that  those 
quantities  are  altogether  arbitrary,  and  the  movements  will  be 
Uie  same  as  those  expressed  by  the  author's  formulas  in  his 
other  paper  * ;  or  such  a  medium  will  propagate  elliptic  or 
rectilinear  vibrations  indifferendyt. 

(9.)  Mr.  Whewell  %  had  observed  the  diflSculty  of  conceiving 
any  mechanical  conditions  for  the  production  of  elliptic  polari- 
zation, and  that  not  even  a  plausible  hypothesis  had  been 
proposed  so  as  to  give  a  physical  interpretation  to  the  lan- 
guage of  analysis,  especially  as  conveyed  in  the  equations  ob- 
tained by  Prof.  MaccuUagn. 

From  what  has  just  been  stated,  this  difficulty  appears  now 
to  be,  at  least  in  a  general  way,  overcome  by  the  conclusion 
of  Mn  Tovey. 

It  is  easy  to  conceive  the  physical  possibility  of  a  portion 
of  the  sether  possessing  an  unsymmetrical  arrangement  of  its 
molecules.  For  example,  at  the  bounding  surface  of  a  me- 
dium and  of  vacuum,  or  generallv  of  two  media  of  different 
densities,  we  can  hardly  suppose  the  change  of  density  in  the 
sther  to  take  place  abruptly ;  but  must  from  all  analogy  ima- 
gine a  thin  stratum  on  either  side,  within  which  there  is  a 
gradual  alteration  in  the  arrangement  of  the  molecules ;  and 
lis  more  considerable  as  the  difierence  of  the  refractive 
powers  is  greater.  It  is  conceivable  that  this  variation  may 
m  some  instances  be  of  sufficiently  great  amount  to  sive  the 
requisite  conditions  of  unsymmetrical  distribution  within  this 
stratum,  though  on  either  side  of  it  the  symmetrical  arrange- 
ment may  subsist 

(10.)  With  regard  to  the  value  of  w,  experiment  shows 
that  the  state  of  the  same  ray  as  to  polarization  produces  no 
difierence  in  the  magnitude  of  its  refractive  index.  Hence  it 
follows  that  in  all  the  preceding  diffisrent  cases  in  which  the 
value  of  n  has  been  expressed  (whether  on  the  hypothesis  of 
unsymmetrical  or  of  symmetrical  distribution)  the  terms  in- 
volved must  vary  in  magnitude,  so  that  the  whole  expression 
shall  remain  constant,  or  the  values  (26.  40.  41.  45.  59.)  all 
equal.  Thus,  in  general,  writing  h  for  the  sum  of  the  ar- 
bitrary terms  a  and  j3,  we  express  the  value  of  n  by  the  for- 
mula n»  s=  ^  2  [«p  2  sin«d3.  (61.) 

*  L.  &  El.  Pbil*  Mag.  and  Journal  of  Science,  vol.  viii.  p.  426  and 
p.  608. 

f  See  also  the  tame  author's  paper  on  the  nature  of  the  vibrations  in 
quaru,  vol.  xiv.  1839,  pp.  169  and  323, 

X  Hist,  of  Ind.  Science,  vol.  n.p.  448:  1837. 
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If  we  return  to  the  values  (2.>(3.)j 


(63.) 


we  have  obviously 

—  =      ^"^       _  1  f^^^^      _  l>Aa^ 

and  on  substituting  in  the  form  (61.)  we  obtain 

^'=  S2|«(M'-)+<'(r)Ay)2^^^!^^;iU  (64.) 

which  for  abridgement  may  be  expressed  by 


(^)- 


m' 


(65.) 


the  formula  for  the  dispersion. 

(11.)  I  have  here  confined  my  remarks  strictly  to  the  illus- 
tration of  the  one  primary  question  of  the  criterion  of  elliptic 
polarization ;  but  in  all  that  has  been  said  relative  to  the  evane- 
scence of  the  terms  on  the  hypothesis  of  symmetrical  arrange- 
ment, by  the  transference  to  new  axes,  &c.,  I  have  touched 
upon  the  far  more  extensive  relations  between  our  immediate 
subject  and  that  of  the  axes  of  elasticity  and  the  wave-suriace : 
some  remarks  on  these  must  be  reserved  to  a  future  commu- 
nication ;  meanwhile  1  will  venture  to  hope  that  the  particular 
subject  of  the  preceding  observations  has  now  been  placed  in 
sucn  a  light  as  to  free  it  from  the  ambiguity  and  doubt  in 
which  it  seems  to  have  been  involved. 

XXXIII.  On  LigktningConductorSi  and  on  ExperimetUs  relate 
ing  to  the  Defence  ^^  Shipping  from  Lightning.  By  "W. 
Snow  Harris,  Esq.^  F.R.S, 

To  the  Editors  of  the  Philosophical  Magazine  and  Journals 
Gentlemen, 

VOU  will  greatly  oblige  me,  by  allowing  the  following  com- 
-*-  munication  to  appear  in  the  pages  of  your  Journal,  being 
the  concluding  observations  I  have  to  offer  on  Mr.  Sturgeon's 
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Memoir  on  Marine  Lightning  Conductors,  to  which  I  have 
alluded  in  former  papers  *. 

Had  the  question  been  one  of  private,  rather  than  of  public 
interest,  I  should  certainly  have  followed  the  course  pursued 
by  others,  who  have  been  honoured  with  Mr.  Sturgeon's  cen- 
sure, and  have  shown  by  my  silence  how  little  I  care  to  de* 
prive  him  of  any  advantage  which  he  may  consider  he  de- 
rives by  his  coarse  treatment  of  me.  Such,  however,  is  not 
the  case :  my  method  of  defending  shipping  from  lightning 
by  permanent  conductors  of  electricity  fixed  in  their  masts, 
being  still  carrying  out  in  several  of  H.M.  ships,  I  feel  my- 
self called  on  to  anbrd  a  clear  elucidation  of  certain  circum- 
stances intimately  associated  with  this  highly  important  ques- 
tion, which  have  been  lately  much  misrepresented ;  moreover, 
the  subject  is  one  of  increasing  interest,  and  intimately  con- 
nected with  an  important  department  of  physical  science. 

In  the  year  1780,  the  French  began  to  turn  their  attention 
to  the  more  effectual  defence  of  their  buildings  and  shipping 
from  the  effects  of  lightning. 

Mons.  Le  Roi  was  sent  to  visit  Brest  and  the  various  sea* 
ports  of  France  for  that  purpose.  His  memoir  in  the  Histoire 
de  FAcadhnie  des  Sciences  for  the  year  1790,  will  be  read 
with  advantage  by  every  one  interested  in  the  subject. 

Impressed  with  the  necessity  of  adopting  some  more  per« 
manent  security  than  was  derived  from  the  use  of  chains, 
temporarily  applied  in  the  rigging,  he  endeavoured  to  place, 
he  says,  such  conductors  in  ships  as  might  be  deemed 
**  fixed  and  durable."  With  this  view  long  linked  rods  of 
small  dimensions  were  led  from  a  point  at  the  mast-head 
along  a  part  of  the  rigging,  and  fixed  to  plates  of  metal  at 
the  ship's  side  communicating  with  the  sea.  These,  however, 
he  admits  did  not  stand  the  working  of  the  rigging,  and  were 
broken  in  a  storm ;  so  that  he  was  induced  to  change  them  for 
similar  linked  rods  of  small  size  led  in  divided  stages  along 
the  masts. 

This  form  of  conductor  was  fixed  in  the  French  ships  of 
war  Etoile,  Resolution,  Experiment,  Boussole,  Astrolabe, 
and  in  some  ships  destined  for  America.  Although  Mons. 
Le  Roi  had  reason  to  believe  that  it  was  sufficiently  secure 
from  the  effects  of  mechanical  violence,  yet  it  was  eventually 
abandoned  in  the  French  service,  probably  from  its  still  be- 
ing found  inconvenient  and  ill  calculated  to  meet  the  violent 
forces  incidental  to  a  ship's  mast  and  rigging.  "The  only  kind 

•  L.  &  £.  Phil.  Mag.,  December  1839^  February  1840,  May  1840. 
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of  conductor  ever  generally  used  by  the  Enelisb,  consists  of 
links  of  small  copper  rods  under  the  form  of  a  flexible  chain 
triced  up,  as  occasion  required,  to  the  roast-head  and  al- 
lowed to  touch  the  sea,  a  contrivance  recommended  by  the 
learned  Dr.  Watson  in  the  year  1762,  in  a  letter  to  Lord 
Anson,  then  First  Lord  of  the  Admiralty* 

The  damage,  however,  which,  notwithstanding  every  sug- 
gestion of  the  kind,  continued  to  occur  to  shipping  from  at- 
mospheric electricity,  and  especially  to  our  navy,  showed  that 
such  methods  had  not  fully  met  all  the  circumstances  of  the 
case;  hence  the  necessity  of  resorting  to  some  system  of  de- 
fence, differing  essentially  from  those  hitherto  tried.  Now 
that  system  which  experience  indicated  evidently  embraced 
the  following  principles. 

1.  The  conductor  should  be  permanently  fixed^  so  as  to  be 
always  in  place,  and  at  all  times  ready  to  meet  the  most  un- 
expected danger. 

2.  It  should  be  continuous  and  of  considerable  electrical 
capacity,  so  as  to  admit  of  a  rapid  equalization  of  the  electrical 
action. 

S.  It  should  in  no  way  interfere  with  the  standinff  or  run- 
ning rigging;  should  admit  of  the  motion  of  the  slidms  masta 
without  deranging  its  existing  state;  and  in  case  of  either  be- 
ing removed  by  accident  or  design,  the  remaining  portion  of 
the  conductor  should  be  still  as  efficient  as  before. 

4.  It  should  be  independent  of  the  crew  of  the  ship,  and 
not  be  left  to  them  to  put  in  place  or  not,  as  may  be  deemed 
requisite ;  or  require  any  handling,  to  their  great  annoyance^ 
— under  many  circumstances  to  their  imminent  peril. 

5.  It  should  be  so  applied  that  a  discharge  of  lightning 
falling  on  the  vessel,  could  not  enter  into  any  circuit  of  whicn 
it  did  not  form  a  part. 

The  desirableness  of  such  a  plan  as  that  which  in  the  year 
1820 1  proposed  to  the  Admiralty^  embracing,  as  it  did,  evety 
required  condition,  was  admitted.  The  doubts,  however,  ex- 
isting at  the  time  were,  whether  it  was  fully  borne  out  in  all 
its  oetails  by  a  sufficient  number  of  facts  in  science;  and 
whether  it  could  be  carried  out  so  perfectly  as  to  meet  the 
many  variable  circumstances  in  whicn  the  general  fabric  in  all 
its  casualties  might  become  placed  ]  but  no  doubt  existed  of 
the  propriety  of  adopting  such  a  form  of  conductor,  were 
these  questions  satisfactorily  disposed  of* 

Your  readers  are  no  doubt  aware,  that  the  method  I  pro- 
posed, was  to  make  the  masts  themselves  perfect  conductors 
of  electricity,  by  incorporating  with  them  in  a  peculiar  way 


Digitized 


by  Google 


and  OH  the  Dtfence  qfShippitigfrom  Lightning.        175 

two  laminaB  of  copper  sheet  of  considerable  thickness  and  ex* 
tension  ;  uniting  tnem  with  the  metallic  masses  in  the  hull  by 
other  lamin83,  and  giving  the  whole  a  perfectly  free  communi- 
cation with  the  sea  in  all  directions.  The  reasonableness  of  this 
as  an  abstract  question  in  electricity  is  quite  evident;  since  all 
the  damage  found  to  occur  on  ship-lDoard  from  lightning 
arises  principally  from  the  effects  of  expansion,  where  the 
electrical  discharge  passes  over  or  through  bad  conducting 
matter.  If  we  could  conceive  for  an  instant  that  the  vessel 
sails»  rigging,  &c.  were  metallic  throughout,  the  possibility  of 
its  receiving  any  damage  from  lightning  would  be  inconceiv- 
able. 

This,  in  fact,  has  been  shown  by  the  perfect  way  in  which 
the  iron  steam-vessels  in  Lander's  last  voyage  met  discharges 
of  lightning  whilst  the  timber  vessels  were  damaged.  The 
nearer,  therefore,  we  can  approximate  to  this  condition,  the 
more  perfect  the  security. 

I  satisfied  the  Navy  Board,  together  with  many  eminent 
scientific  men  of  that  day,  of  the  completeness  of  my  views, 
and  of  their  practical  application  to  the  variable  conditions  of 
a  ship's  mast;  and  the  celebrated  Dr.  WoUaston,  in  a  letter  to 
the  (JomptroUer  of  the  Navy,  gave  my  plan  his  ^^  decided  ap- 
provaL"  Under  these  circumstances  it  was  at  last  ordered 
to  be  carried  out  in  ten  of  H.M.  ships,  including  line-of- 
battle  ships,  frigates  and  corvettes;  a  small  brig  of  10  guns 
was  subsequently  added  to  the  list;  and  thus  the  conductors 
were  tried  in  the  navy  from  the  largest  to  nearly  the  smallest 
vessel  in  it.  After  a  period  of  ten  years,  during  which  time 
these  vessels  had  been  exposed  to  several  storms  of  lightning 
in  all  parts  of  the  world,  the  Lords  Commissioners  of  the 
Admiralty  appointed,  under  the  countenance  of  the  House  of 
Commons,  a  commission  of  nautical  and  scientific  men  to 
investigate  and  report  on  this  momentous  topic.  The  mem- 
bers of  the  commission  were  all  named  without  any  reference 
to  myself,  and  were  all  men  of  unquestionable  integrity  and 
abiiitv.  When  the  names  of  Admiral  Griffith,  Sir  James 
Gordon,  K.C.B.,  Captain  J.  C.  Ross,  Professor  Daniell,  Mr. 
Fincham,  and  Mr.  Clifton  of  the  Admiralty,  are  mentioned^ 
no  one  of  the  least  character  in  society  would  question  the 
fairness  of  any  investigation  placed  under  their  direction. 

The  Commission,  in  carrying  out  this  measure,  called  in 
evidence  the  officers  who  had  commanded  the  ships  in  which 
my  conductors  were  tried,  and  obtained  valuable  information 
from  various  others  who  had  witnessed  the  effects  of  light- 
ning at  sea.    They  also  invited  the  opinions  of  men  acknow* 
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ledged  to  be  the  best  acquainted  with  this  department  of  sci- 
ence; and  they  examined  various  other  forms  of  lightning 
conductors  for  ships.  But  upon  the  whole  evidence,  they 
conclude  with  an  earnest  recommendation  to  the  Board  to 
carry  out  the  plan  fully  in  the  Royal  Navy*. 

No  sooner  had  this  report  been  laid  on  the  table  of  the 
House  of  Commons,  than  several  persons  interested  in  super- 
seding niy  plan,  endeavoured  in  various  ways,  notwithstand- 
ing its  ten  years'  trial,  to  get  it  set  aside ;  hence  arose  what 
Mr.  Sturgeon  calls  Experimental  and  Theoretical  Researches 
in  Electricity,  Fourth  Memoir  on  Lightning  Conductors ; 
especially  addressed  to  the  British  Association,  and  to  ail 
learned  societies  in  Europe  and  America, — a  list  of  which  is 
ostentatiously  displayed  at  the  head  of  the  memoir. 

Mr.  Sturgeon's  production  having  been  thus  paraded 
forth,  we  should  of  course  expect  to  find  it  contain  new  and 
important  facts  in  science,  commensurate  with  so  loud  an  an- 
nouncement, and  with  its  pretensions,  to  arrest  the  attention  of 
all  the  various  learned  bodies  above  mentioned,  and  as  he  states 
in  another  place,  <^  the  ablest  electricians  which  the  world  can 
produce."  After  so  great  an  advancing  shadow,  we  should  na« 
turally  expect  sometning  like  an.  adequate  substance. 

The  following  brief  outline  of  the  memoir  is  sufficient  to 
show  how  little  such  expectations  are  realized. 

The  first  five  pages,  consist  of  unhandsome  insinuations  of 
a  want  of  honesty  and  ability  on  the  part  of  the  members  of 
the  Commission,  of  pretensions  on  his  own  part  to  put  **  the 
question  in  a  proper  light,"  and  of  deceptive  statements  of 
the  nature  and  objects  of  my  experiments,  called  by  him  an 

•  "  Having  now  completed  our  remarks  on  the  several  points  to  which 
their  Lordships'  instructions  directed  our  attention,  we  trust  we  have 
shown,  from  the  evidence  of  facts  derived  from  the  experience  of  many 
years,  as  well  as  by  the  opinions,  not  only  of  scientific  but  professional 
men,  the  efficacy  of  Mr.  Harris's  lightning  conductors ;  and  considering  the 
number  of  lives  which  have  been  lost  by  lightning,  the  immense  amount 
of  property  which  has  been  destroyed,  as  shown  by  Mr.  Harris,  and  is  still 
exposed  without  adequate  protection,  the  inconvenience  which  has  arisen, 
and  is  still  liable  to  arise  from  the  loss  of  the  services  of  ships  at  moments 
of  great  critical  importance,  the  diffictdtif  of  procuring  new  tpars  in  tmea 
of  war  on  foreign  itoHons  (not  to  mention  the  great  expense  of  wases  and 
victuals  for  the  crews  of  ships  while  rendered  useless  till  repaired), — we 
again  beg  to  state  our  unatmtout  opinion  of  the  great  advantages  possessed 
by  Mr.  Harris's  conductors  above  every  other  plan,  affording  permanent 
security  at  all  times,  and  under  all  circumstances,  against  the  injurious  ef^ 
fects  of  lightning,  effecting  this  protection  without  any  nautical  incon- 
venience or  scientific  objection  whatever ;  and  we  therefore  most  earnestly 
recommend  their  general  adoption  in  the  Royal  Navy." 
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^^  examination/'  The  next  eight  pages  consist  of  notices  of 
the  damage  done  to  the  Rodney,  copied  from  the  newspapers 
of  the  day,  of  a  few  extracts  from  the  statements  made  by 
naval  officers  who  had  witnessed  the  jirotecting  effects  of  my 
conductors,  and  of  a  few  desultory  remarks  on  those  state- 
ments; here  then  are  thirteen  pages  to  begin  with,  containing 
no  kind  of  scientific  research  whatever.  The  next  tliree  pages 
and  a  half  contain  a  few  ill-contrived  repetitions  of  Priestley 
aiid  Cavallo's  exj>eriments,  made  above  fitly  years  since,  on 
the  residual  electricity  of  a  Leyden  jar,  and  wnich  Mr.  Stur- 
geon, by  a  most  unhappy  blunder,  has  taken  as  a  lateral  dis- 
charge produced  at  the  instant  of  the  primary  discharge  *. 
<*  This  residual  electricity  (observes  Cavalio)  should  be  care- 
fully considered  in  performing  delicate  experiments  f  "• 

Tne  remaining  15  pages  contain  merely  ill-digested  remarks, 
resting  on  the  above  fallacy;  designing  appeals  to  the  fears  of  the 
uninformed;  an  account  of  a  few  common-place  and  inevitable 
results  of  ordinary  electrical  action  on  a  kite ;  and  a  proposal 
to  place  copper  rods  in  various  ways  about  the  rigging  of  a 
ship  as  a  defence  against  lightning,  in  open  defiance  of  his  own 
previous  admissions;  with  a  few  considerations  of  the  expense 
attendant  on  it. 

How  such  a  paper  as  this  can  fairly  come  under  the  deno- 
mination of  ^^Theoretical  and  Experimental  Researches  in 
Electricity,"  when  not  above  two  out  of  thirty-two  pages,  or 
about  one  sixteenth  of  the  whole,  contain  any  experiment  at 
all, — the  experiments  not  original,  and  the  reasoning  upon 
them  a  fallacy, — I  am  really  at  a  loss  to  determine. 

In  my  former  communications,  which  appeared  in  this 
Journal  in  December,  1839,  and  February  and  May,  1840, 
I  have  given  a  complete  exposition  of  these  and  other  points 
contained  in  this  memoir;  so  that  but  little  more  remains  to 
notice  than  the  deceptive  colouring  in  which  Mr.  Sturgeon 
has  thought  fit  to  disguise  my  experiments,  and  his  illiberal 
dealing  with  every  one  holding  opinions  adverse  to  him- 
self. 

The  simplicity  and  convenience  of  my  fixed  conductors 
having,  as  I  have  already  stated,  been  in  the  year  1820  fully 
admitted,  the  Navy  Board  at  that  time  thought  proper  to 
call  upon  me  to  illustrate  and  investigate  experimentally,  so 
far  as  possible,  iheir  probable  operation  through  the  ship. 

•  Lond.  and  Edinb.  Phii.  Mag.  for  December,  1839. 

t  Mr.  Sturgeon  appears  to  be  well  aware  of  the  great  mistake  he  has 
made  on  this  point,  in  no  place,  so  far  as  I  know,  has  he  attempted  to 
defend  it. 

Phil.  Mag.  S.  3.  Vol.  18.  No.  116.  March  1841.      N 
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I  was  called  upon,  for  instance,  to  show  what  had  been  the 
general  laws  of  the  action  of  lightning  on  ship-board;  that  the 
connexion  of  my  conductors  with  the  sea  through  the  metallic 
masses  in  the  hull  was  in  no  way  detrimental  to  their  action, 
or  liable  to  objection;  that,  in  short,  electrical  discharges  might 
find  their  way  and  become  as  safely  dispersed  in  the  sea  by 
the  metallic  bolts  driven  through  the  keel  and  keelson,  and 
other  parts  of  the  vessel,  as  by  a  chain  in  the  rigging. 

I  was  further  called  upon  to  show,  so  far  as  possible,  how 
a  system,  such  as  I  proposed,  would  operate  in  this  way  under 
various  positions  of  the  masts,  and  that  the  circumstance 
of  their  motion  upon  each  other  would  in  no  way  interfere 
with  the  action  of  the  conductor.     In  order  to  meet  the  views 
of  the  officers  of  the  Board,  I  naturally  enough  resorted  to 
such  practical  illustrations  as  were  within  my  reach.     By  way 
of  showing  the  operation  of  my  conductors  through  the  bolts 
in  the  hull,  strong  charges  from  twenty-five  square  feet  of 
coated  glass  were  passed  over  a  vessel's  mast  fitted,  with  the 
conductors  and  floating  in  the  sea,  the  negative  side  of  the 
battery  being  connected  with  an  interrupted  circuit  passing 
over  a  smallgun  placed  in  a  boat  (in  some  instances)  forty 
fathoms  from  the  vessel.     Percussion   powder  was  placed 
over  the  joints  of  the  conductor  on  the  mast,  and  in  an  in- 
terrupted circuit  at  the  mast  head.     The  sliding  masts  were 
placed  in    various    positions,    and    occasionally  were    put 
m  motion  at  the  time  of  the  experiment;  but  in  all  cases 
at  the  instant  of  completing  ^the  circuit,  the  whole  charge, 
equivalent  to  fuse  fifteen  feet  of  small  iron  wire,  passed  freely 
through  the  conductor  and  the  sea  in  all  positions  of  the  masts 
without  igniting  the  powder  placed  over  the  joints,  but  firing 
the  powder  at  the  mast-head,  and  the  gun,  instantaneously, 
thereby  showing  that  the  charge  had  reached  from  the  mast 
head  to  the  water. 

Any  one  will,  I  think,  perceive  that  these  experiments  illus- 
trated, so  far  as  they  went,  the  points  in  question,  viz. 
1st.  The  operation  of  the  conductor  through  the  hull. 
2nd.  Its  perfect  continuity  on  the  masts. 
3rd.  Its  complete  operation  under  every  possible  position, 
&c.  of  the  masts. 
4th.  The  reception  of  the  charge  by  the  sea. 
Now  Mr.  Sturgeon  fairly  shuts  nis  eyes  to  the  unpretend- 
ing nature  and  object  of  these  experiments,  and  perverting 
their  meaning,  tells  his  readers  that  they  prove  nothing  pecn-  ^ 
liar  to  my  system,  and  serve  only  to  show  that  copper  is  a 
conductor  of  electricity,  and  that  detonating  powder  can  be 
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ignited  by  the  electrical  spark.  This  he  calls  a  fair  and 
cafidid  explanation  of  my  experiments  before  the  Navy  Board 
at  Plymouth. 

As  he  gives  every  one  who  in  any  way  treated  this  question 
with  fairness,  a  most  liberal  credit  for  ignorance,  he  thinks  I 
ought  to  have  explained  to  the  Board  that  a  wire  could  be 
made  red-hot  by  electricity^  and  if  then  brought  into  contact 
with  gunpowder  would  ignite  it;  together  with  some  other 
truisms  of  a  similar  form.  Now,  however  ignorant  Mr.  Stur- 
geon may  suppose  the  officers  of  the  Board  to  have  been, 
they  certainly  understood  the  question  much  better  than  he 
appears  to  do ;  they  entered  very  completely  into  its  merits, 
and  left  no  point  unexplored ;  they  required  of  me  informa- 
tion relative  to  the  conducting  power  of  different  metals;  their 
respective  resistance  to  fusion  by  electricity;  the  ratio  in 
which  they  became  heated,  either  by  the  same  or  by  different 

auantities,  the  relative  Quantities  required  to  heat  wires  of 
ifferent  diameters  to  the  same  degree.  Sec,  &c. ;  for  the 
perfect  elucidation  of  which  new  experiments  and  apparatus 
were  invented,  and  the  results  exhibited  in  a  way  not  before 
done. 

Among  other  points  to  wliich  the  Board  directed  my  atten- 
tion, was  the  electrical  effect  of  the  incorporation  of  the  con- 
ductor with  the  mast  and  hull,  and  the  certainty  of  its  con- 
fining the  course  of  the  discharge  to  certain  lines  and  to  the 
surface  of  the  masts  without  being  productive  of  any  lateral 
effect  upon  the  masses  of  the  metal,  such  as  iron  hoops,  bolts, 
&c.  which  either  entered  into  the  body  of  the  mast,  or  were 
otherwise  connected  with  it;  points  which  Mr.  Sturgeon,  in 
the  happy  consciousness  of  his  own  superior  sagacity,  says 
were  either  '*  not  known  or  unaccountably  neglected.'' 

My  first  illustrations  were  confined  to  small  models  about 
six  inches  in  length,  which  could  be  splintered  by  artificial 
discharges,  and  defended  by  small  lines  of  metallic  leaf  placed 
along  them,  in  imitation  of  the  continuous  conductor.  But 
being  desirous  to  exemplify  how  completely  the  conductor 
would  direct  and  confine  the  discharge  upon  itself,  I  placed 
the  experiment  under  new  and  very  delicate  circumstances ; 
and  as  I  consider  this  experiment  an  important  one,  as  bearing 
on  the  theory  of  lightning  conductors,  and  direcdy  applicable 
to  all  the  objections  made  to  them  on  account  of  lateral  dis- 
charges, I  may,  I  hope,  be  excused  for  giving  a  particular 
account  of  it 

A  model  of  a  mast,  M,  about  ten  feet  in  length,  was  made  in 

Earts,  and  an  interrupted  line  of  metal,  a,  b,  c,  c/,  placed  in  the 
eart  of  it.  Percussion  powder,which  it  is  well  known  inflames 
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# 
with  the  least  spark  of  electricity,  was  placed  between  these 
interruptions*    On  its  surface  M  was  placed  ^ 

a  continuous  conductor  eMJ*,  and  the  in- 
terior and  exterior  lines  of  metal  connected 
with  common  points  of  junction  at  a  and  d. 
To  make  the  experiment  more  complete, 
bands  of  metallic  leaf,  &c.  were  made  here 
and  there  to  surround  the  mast,  together 
with  other  metallic  bodies,  which  could  en- 
ter into  the  mast  itself  and  touch  the  me- 
tallic line  within,  as  at  1,  2,  8. 

An  intense  electrical  accumulation  from 
four  jars  of  five  sauare  feet  each,  highly 
charged,  was  now  allowed  to  fall  upon  a  ball 
at  a,  with  a  view  of  discovering  (since  the  elec- 
tric matter  had  a  choice  of  two  lines)  whether 
it  would  pass  upon  the  metal  within  in 
preference  to  that  without,  or  upon  both,  or 
whether  it  could  in  passing  down  the  exterior 
conductor  cause  a  lateral  discharge  to  enter 
the  mast,  or  affect  the  interior  by  any  other 
lateral  result 

Now  the  extreme  facility  with  which  per- 
cussion powder  becomes  inflamed  by  the 
most  minute  spark,  rendered  it  a  very  severe 
test  of  the  presence  of  passing  electricity,  so 
that  if  the  least  action  had  taken  place  upon 
the  metallic  bodies  adjacent  to  the  conductor, 
it  would  have  been  immediately  shown  by 
an  explosion  within  the  substance  of  the  mo- 
del. Almost  every  one  must  I  think  perceive 
that  this  was  a  fair  experiment,  and  as  good 
a  one  as  could  have  been  resorted  to  under 
the  circumstances  of  the  case.  Even  Mr. 
Stur^on  himself  must  allow  that  it  com- 
pletely meets  the  very  points  he  has  insisted 
on,  and  which  he  thinks  I  had  so  much  over- 
looked. Thus  in  sect.  202  of  his  memoir,  ^ 
mistaking  the  residual  electricity  of  a  discharged  surface  for 
what  he  calls  a  lateral  discharge  produced  by  the  passing 
shock,  he  says,  <<  this  kind  of  lateral  discharge  will  always 
take  place  when  the  vicinal  bodies  are  sufficiently  capacious, 
and  near  to  the  principal  cofiductor  which  carries  the  primitive 
discharge^  or  to  any  of  its  metallic  appendages'^^  and  in  sects. 
198  and  199,  he  says  he  can  produce  lateral  discbarges 
Imlfan  inch  long^  though  the  jar  be  of  the  capacity  of  a  quart 
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only»  &c.  &c«,  and  *^  at  a  distance  of  fifty  feet  from  the  di- 
rect discharge;"  and  in  sect.  200^  he  admits  that  a  discharge 
from  such  a  jar  would  '<  imitate  a  flash  <^  lightning  striking 
a  similar  conductor  on  the  mast" 

Here  then  is  an  experiment  which  at  once  brings  to  the 
bar  Mr.  Sturseon's  own  position  ;  and  I  appeal  to  any  one,  if 
what  he  has  tnus  advanced  has  any  foundation,  whether  ^'  an 
electrical  accumulation  not  merely  from  ajar  of  a  quart  ca- 
pacity, but  from  twenty-five  square  feet  of  coated  glass  highly 
charged,  and  equivalent  to  destroy  fifteen  or  twenty  feet  of 
small  iron  wire,  should  not  have  ignited  the  powder  and 
caused  the  mast  to  be  blown  in  pieces.  Yet  such  was  not 
the  case,  and  never  can  be  so  long  as  the  continuous  con- 
ductor remains  on  its  surface.  When  the  exterior  conductor, 
however,  was  removed  and  a  similar  charge  thrown  on  the 
models  then  the  mast  was  blown  in  pieces,  proving,  that  if  the 
ducharge  had  under  any  form  pervaded  the  interior,  this 
effect  would  have  resulted  in  the  first  case. 

Now  Mr.  Sturgeon  roundly  asserts,  that  ^^  this  experiment 
happens  to  have  no  bearing  on  the  subject  whatever^'  not- 
withstanding that  in  sect.  200  he  actually  refers  to  the  passing 
of  electricity  over  conductors  placed  in  given  directions,  and 
says,  *'  that  the  discharge  of  a  jar  of  only  a  quart  capacity 
would  imitate  a  flash  of  lightning  striking  a  similar  conductor 
on  the  mast ;''  this  is  very  one-sided  reasoning  indeed. 

In  a  subsequent  communication  he  inquires  if  <*  I  mean  to 
be  considered  as  a  philosopher  or  necromancer  by  endeavour- 
ing to  persuade  the  British  Association  that  blowing  asunder 
two  pieces  of  wood  by  gunpowder  was  a  true  representation 
of  the  effects  of  lightning  on  a  ship's  mast." 

This  may  be  all  very  well  as  the  best  means  Mr.  Sturgeon 
had  of  parrying  the  direct  bearing  of  the  experiment  in  ques- 
tion on  his  own  position  ;  he  must,  however,  necessarily  feel 
how  immediately  it  involves  all  the  conditions  he  has  himself 
pointed  out  as  essential  to  the  exhibition  of  his  imaginary  re- 
sults, by  which  he  pretends  to  have  illustrated  and  proved  the 
effects  of  lateral  discharges  of  liffhtning. 

How  does  it  happen,  if  nis  views  have  the  slightest 
foundation,  that  the  heaviest  ^' primitive  discharges,"  to  use 
bis  own  phraseology,  can  be  passed  along  the  exterior  con- 
ductor of  the  mast  without  in  any  way  affecting  the  detonat- 
ing powder  within,  even  though  connected  with  the  interior 
metals  by  short  metallic  nails?  it  surely  should  do  so,  if  what 
he  says  in  sect.  198  be  true,  viz.  *Hhat  bv  this  kind  of  lateral 
discharge  a  dense  spark  may  be  produced  when  the  bodies  are 
half  an  inch  apart,  though  the  jar  be  only  of  a  quart  capacity 
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that  chemical  decompositions  are  easily  performed  bv  it,  and 
every  other  class  of  electrical  phaenomena,  exhibited  with  a 
su£Eiciently  larse  apparatus,  as  decidedly  as  by  the  primitive 
discharge  itself."  Now  the  plain  truth  is,  there  is  no  such 
effect  as  he  describes  produced  by  a  passing  charge  of  elec- 
tricity. It  is  altogether  a  fallacy,  arising  out  of  his  being 
very  ill  informed  on  the  subject,  and  from  his  having  mis- 
taken the  common  result  of  the  residual  accumulation  for  a 
lateral  explosion,  as  I  think  I  have  fully  shown ;  Cavallo  and 
the  old  writers  have  taken  great  pains  to  guard  the  tnexpe- 
rienced  manipulator  against  this  source  of  error. 

In  short,  if  Mr.  Sturgeon  will  look  at  Cavallo^  Prieatiey 
and  other  writers  of  above  half  a  century  since,  he  will  find 
his  theoretical  and  experimental  researches  very  perfedhg 
imitaied;  by  a  most  extraordinary  coincidence,  the  experi* 
ments  are  virtually  the  same ;  the  deductions,  however,  firom 
them  are  widely  different.  With  such  careless  manipulation, 
and  such  a  great  lack  of  knowledge  of  his  subject,  it  is  not  sur- 
prising that  Mr.  Sturgeon  should  deem  others  ignorant  of  iL 

These  experiments  were  not  the  only  experiments  which 
were  made  matters  of  discussion  by  the  Board.  Thus,  to 
show  that  in  the  case  of  the  sliding  masts  being  entirely,  or 
partially  lowered,  that  part  of  the  conductor  below  the  caps 
would  be  the  same  in  respect  of  the  discharge  as  if  it  did  not 
exist,  strips  of  gold-leaf  were  laid  on  paper  in  the  same  re- 
lative positions  as  the  conductors  would  assume  on  the  masts, 
and  powerful  discharges  sufficient  to  disperse  the  gold  passed 
over  them. 

These  strips  were  affected  in  certain  parts  only,  showing 
how  completely  the  discharge  was  confijQed  to  such  parts, 
and  the  total  absence  of  all  lateral  explosion. 

Experiments  on  the  expansive  effects  of  electricity  on 
bodies,  the  fusion  and  heating  of  metals,  &c»  &c.  were  also 
entered  upon.  In  short,  the  series  was  as  complete  as  could 
well  be  desired.  The  experiments  were  all  original,  or  other- 
wise new,  of  their  kind,  and  many  t)f  them  embraced  points 
not  before  considered ;  such  experiments  had  for  the  most 

?art  never  been  tried  before;  and  the^  were  considered  by 
)r.  Wollaston  and  others  who  investigated  them  to  be  of 
great  interest,  and  to  have  an  important  bearing  on  the  ques- 
tion of  lightning  conductors  in  ships. 

I  suppose  it  will  be  admitted  that  Dr.  Wollaston  had  at 
least  as  clear  a  comprehension  of  this  subject  as  Mr.  Stur- 
geon, and  was  just  as  likely  to  have  detected  the  ^<  necromancy" 
to  which  Mr.  Sturgeon  alludes,  had  such  existed. 

This  explanation  of  the  practical  nature  of  the  experiments. 
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aod  which,  amongst  other  considerations,  led  the  Navy  Board 
to  try  my  plan  for  defending  ships  from  lightninff  in  the  navy, 
I  have,  for  the  reasons  already  assigned,  thougnt  proper  to 
o0isr ;  thev  at  the  same  time  show  the  scrupulous  care  which 
the  Boara  exhibited  on  the  occasion,  and  how  much  they 
were  alive  to  the  question, 

[To  be  continued,] 

XXXIV.   Remarks  on  Prof.  Whewell's  Paper  on  the  Mean 
Level  qfthe  Sea.    By  Richabd  Thomas,  Civil  Engineer*. 

f  OBSERVE  that  Mr.  Whewell  has  in  the  Philosophical 
^  Magazine  for  November  honoured  with  his  notice  my  ob- 
servations relative  to  the  mean  level  of  the  sea,  which  were 
inserted  in  the  Magazine  for  August.  I  should  not  have 
thought  it  needful  to  say  another  word  about  it,  but  leave  the 
matter  to  be  determined,  as  I  think  it  ought  to  be,  by  extending 
the  levels  westward  to  the  Land's-end,  connecting  these  levels 
with  others  which  might  be  taken  at  convenient  places  across 
from  the  north-west  coast  to  the  south-east  of  Cornwall ;  but 
it  appears  that  Mr.  Whewell  has  mistaken  the  drift  of  my 
argument,  by  which  I  endeavoured  to  show,  that  owing  to 
the  tides,  the  sea  at  Axmouth  might  be  kept  up  to  a  higher 
mean  level  than  on  the  coast  of  Cornwall,  I  do  not  draw  such 
inference  from  the  mere  narrowing  of  the  English  Channel 
by  the  projection  of  Cape  la  Hoffue,  but  by  that  projection  in 
combination  with  the  aeeplv  embayed  form  of  the  opposite 
coast  of  England  between  the  Start  and  the  Bill  of  Poitland, 
giving  such  directions  to  the  tide-currents  as  would  continually, 
both  on  the  flood  and  ebb,  tend  to  set  them  over  against  that 
part  of  the  coast  on  which  Axmouth  is  situated,  and  conse- 
quently tend  to  keep  up  the  level  of  the  water  there ;  for  it 
must  be  kept  in  mind  that  at  the  time  of  high  water  at  Ax* 
mouth,  the  tide  is  strong  flood  in  the  Channel,  and  at  low 
water  the  ebb  tide  is  strong;  and  there  appears  to  be  strong 
evidence  that  the  flood  sets  in  the  way  I  state,  from  the  velo- 
city with  which  it  passes  along  by  the  back  of  Portland  Island 
and  occasions  the  *^  Race  "  off  the  Bill. 

Mr.  Whewell  says,  **  If  the  surface  of  low  water  were  a 
level  surface,  as  Mr,  Thomas  supposes,''  &c. ;  and  in  reference 
to  a  comparison  of  the  tides  of  Plymouth  and  Axmouth,  that 
**  Mr,  Thomas  has  no  authority  either  from  theory  or  observa- 
tion for  assuming  the  high  waters  to  coincide,"  &c,  &c.  The 
best  answer  I  can  give  to  these  remarks,  is  a  reference  to  my 
paper  as  printed  in  your  Magazine, 

However,  as  Mr,  Whewell  agrees  with  me  in  the  propriety 
*  Commanioited  by  the  Author. 
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of  settling  die  question  by  extending  the  levels  as  above  stated, 
I  need  not  say  more,  but  leave  the  question  to  be  decided,  as 
I  hope  it  soon  will  be,  by  such  extension  of  the  levels. 

I  do  not  mean  to  dispute  Mr.  Whewell's  theory  as  to  the 
mean  levels  of  the  tides,  supposing  there  were  no  obstructions 
to  their  free  action  ;  but  I  do  conceive  that  it  is  very  possible 
that  circumstances  may  operate  to  prevent  the  mean  level  of 
the  tides  from  being  at  the  same  elevation  at  every  part  of  the 
coast. 

My  object  is  to  prevent  any  general  conclusion  with  respect 
to  tide-levels  from  being  acted  on  until  the  fact  be  placed  be- 
yond doubt;  and  whatever  may  be  the  result  of  the  inquiry, 
the  levels  which  may  be  determined  will  be  available  for  esta- 
blishing the  elevations  of  certain  fixed  points  or  bench-marbj 
which  will  always  be  much  more  useful  for  reference  than  any 
determination  depending  on  the  tides. 

Falmontb,  Jan.  4, 1841. 

XXXV.  Analysis  of  the  Oils  ofElemi  and  Olibanum. 
By  John  Stenhouse,  Esq.* 
IVl  OST  of  the  resins  contain,  as  is  well  known,  volatile  oils, 
^^  to  which  they  owe  their  peculiar  odours.  A  considerable 
number  of  these  oils  have  been  carefully  examined,  but  there 
are  several,  and  among  the  rest  those  of  elemi  and  olibanum, 
which,  as  far  as  I  am  aware,  have  not  previously  been  sub- 
jected to  analysis. 

I  was  induced  therefore  to  prepare  a  quantity  of  each  of 
them  for  this  purpose. 

Elemi  Oil. — Preparation.  A  quantity  of  pulverized  elemi 
resin  was  distilled  with  water  in  the  usual  way.  The  larger 
portion  of  the  oil  came  over  at  an  early  period  of  the  distilla- 
tion, and  collected  on  the  surface  of  the  water  in  the  receiver, 
from  which  it  was  easily  separated  by  means  of  a  sucker.  It 
was  then  allowed  to  remain  some  days  over  fused  chloride  of 
calcium  to  render  it  anhydrous,  and  afterwards  rectified.  It 
is  stated  in  most  systems  of  chemistry,  on  the  authority  of 
Bonastre,  that  elemi  resin  yields  12^  per  cent,  of  volatile  oil, 
but  though  I  operated  on  an  apparently  fresh  and  unadulter- 
ated specimen,  I  did  not  succeed  in  obtaining  more  than  3^ 
per  cent 

Properties. — Elemi  oil  is  a  transparent  colourless  liquid  of 
an  agreeable  smell,  similar  to  that  of  the  resin,  and  of  a  pun- 
gent taste.     Its  specific  gravity  is  0*852  at  +24^  C.     It  boils 
at  140°  C.    It  burns  with  a  bright  smoky  flame,  like  oil  of 
*  Communicated  by  the  Author. 
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turpentine.  It  does  not  dissolve  in  water.  It  is  very  little  so- 
luble in  weak  spirits,  but  it  dissolves  very  rapidly  in  alcohol 
and  lether.  Potassium  remains  unaltered  in  it,  but  solid  potash, 
with  the  assistance  of  heat,  converts  it  into  a  brown  resin. 
Iodine  acts  on  it  with  energy ;  considerable  heat  is  evolved ; 
part  of  the  iodine  is  driven  off  into  vapour,  and  the  oil  is  con- 
verted into  a  thick  red  magma.  Elemi  oil  absorbs  muriatic  acid 
gas  very  readily,  and  becomes  of  a  dark-brown  colour,  but  I 
did  not  succeed  in  obtaining  an  artificial  camphor.  Nitric  acid 
in  the  cold  quickly  changes  it  to  a  brownish  yellow ;  when 
assisted  by  heat  it  explodes,  evolving  deutoxide  of  azote, 
and  converting  the  oil  into  a  resinous  matter.  Sulphuric  acid 
in  the  cold  gives  it  a  fine  red  colour,  but  when  heated  it 
chars  it 

The  following  are  the  results  of  its  analysis : 
I.  0'4S05  gave  rS69  carbonic  acid,  and  0*453  water. 
11.  0*197  gave  0*625  carbonic  acid,  and  0*208  water. 
Found.  Calculated. 

•I.  II. 

Carbon 87*93  87*72  88*46  =  5  at. 

Hydrogen...  11*69  11*73  11*54  =  8  — 

99*62  99*45  10000 

From  this  it  is  evident,  that  elemi  oil  has  a  similar  constitu- 
tion with  oil  of  turpentine,  oil  of  lemons,  copaiba  balsam  oil, 
and  several  others,  too  numerous  to  be  mentioned. 

Oil  of  Olibanum. — Olibanum,  the  frankincense  of  the  an- 
cients, yields  an  oil  which  is  prepared  in  the  same  way  as 
that  of  elemi.  The  quantity  I  could  obtain  was  4  per  cent. 
of  the  resin  employed ;  it  is  a  transparent,  colourless  and  verv 
limpid  oil.  Its  smell  resembles  that  of  oil  of  turpentine,  but  it  is 
much  more  agreeable.  Its  specific^gravity  is  0*886  at  +  24^  C., 
and  its  boiling  point  is  162^.  It  Durns  with  a  strong  bright 
flame,  and  emits  much  smoke.  The  action  of  reagents  upon 
it  is  almost  identical  with  that  of  the  oil  of  elemi,  so  that  it  is 
unnecessary  to  enter  into  details.  The  following  are  the  re- 
sults of  its  analysis : 

1-0015  carbonic  acid,  and  0*330  water. 
1*061    carbonic  acid,  and  0*351  water, 
0*931    carbonic  acid,  and  0*307  water. 
Found.  Calculated. 

I.  II.  III. 

Carbon ...     85*07         84*66         85*23  85*61 

Hydrogen     11*26         11*25         11-29  1M8 

Oxygen...       3*67         4-09  3*48  3*23 


I.  0*3255  gave 
Ji.  0*3465  gave 
III.  0*302    gave 


100*00       10000 


100*00 


100*00 
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This  gives  the  formula 

Carbon   35  =  2675*2«5 

Hydrogen  56  =     849*426 

Oxygen  1   =     100-000 

8124*651. 
It  is  somewhat  singular  that  this  is  precisely  the  corapoisi* 
tion  which  Dr.  Kane  found  for  the  oil  of  Mentha  viridis. 

XXXVI.    Chemical  Examination  of  Palm  Oil  and  Cacao 
Butter^    By  John  StenhousEi  Esq.* 

Palm  Oil. 
^T^HIS  oil  has  of  late  years  become  rather  an  important  ar- 
^  tide  of  commerce,  from  the  great  extent  to  which  it  is 
employed  in  the  manufacture  of  soap.  It  is  chiefly  imported 
from  the  coast  of  Africa,  and  is  derived,  according  to  some 
botanists,  from  the  Cocus  Butyraceay  according  to  otners  from 
the  Avoira  Elais.  It  is  extracted  by  boiling  the  bruised 
fruit  in  water ;  the  oil  collects  as  a  cake  on  the  surface,  from 
which  it  is  easily  removed.  It  has  a  butyraceous  consistence, 
is  of  a  reddish  yellow  colour,  and  has  an  agreeable  aromatic 
odour.  When  lon(^  kept  it  becomes  readily  rancid,  and 
whitens  at  the  same  time,  especially  if  exposed  to  the  influence 
of  the  light  and  air.  Soap  made  with  the  unbleach^  oil  is 
of  a  yellow  colour,  but  white  soap  may  be  made  from  it  if  the 
oil  has  been  previously  bleached.  This  may  be  done  in  va- 
rious ways ;  by  melting  the  oil  in  hot  water  and  treaUng  it 
with  peroxide  of  manganese  and  sulphuric  acid,  or  by  keepmg 
it  melted,  spread  out  in  thin  layers  on  iron  plates.  It  has 
also  been  proposed  to  bleach  it  with  hypochlorite  of  lime 
and  dilute  sulphuric  acid;  and  bichromate  of  potash  and 
muriatic  acid  have  more  recently  been  employed  for  the  same 
purpose. 

It  was  first  observed  by  Zier,  and  the  observation  has  been 
since  confirmed  by  Messrs.  Pelouze  and  Boudet,  that  palm  oil 
is  strongly  acid,  and  that  its  acidity  increases  with  the  age  of  the 
oil.  T%e  quantity  of  free  acid  it  contains  is  very  great,  often 
amounting  to  nearly  a  third  of  its  weight.  It  is  owing  to  this 
circumstance  that  palm  oil  is  so  remai^ably  easily  saponifiable. 
Indeed,  a  very  tolerable  soap  may  be  made  from  it  by  boiling 
it  for  a  short  time  with  the  alkaline  carbonates.  Soap  made 
from  palm  oil  and  soda  is  of  a  firm  consistence,  has  an  aromatic 
odour,  and  forms  an  excellent  and  agreeable  detergent.     The 

•  Communicated  by  the  Author. 
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greater  portion  of  the  common  brown  soap  made  in  Great 
witain  contains  no  tallow  at  all,  but  consists  of  a  mixture  of 
palm  oil  and  common  resin.  The  melting  point  of  the  speci- 
men of  palm  oil  I  examined  was  99^  Fahr.  It  appeared  to 
be  pretty  old.  Palm  oil  was  formerly  supposed  to  contain 
margaric  and  oleic  acids ;  but  Mr.  Fremy  has  lately  subjected 
it  to  examination,  and  found  it  to  contain  a  new  acid»  to  which 
he  has  given  the  name  of  the  palmitic.  I  am  happy  in  being 
able  to  confirm  the  truth  of  his  observations. 

The  mode  of  proceeding  to  examine  the  constituents  of 
palm  oil  is  to  saponify  it  with  caustic  potash  or  soda,  and  then 
to  decompose  the  soap  with  muriatic  or  tartaric  acid.  The 
mixture  of  palmitic  ana  oleic  acids  thus  obtained,  is  to  be  dis* 
solved  in  boiling  spirits  of  wine,  in  which  it  is  very  soluble, 
and  allowed  to  crystallize.  The  crystals  are  to  be  collected 
and  strongly  pressed  between  foldfs  of  blotting  paper,  and 
again  dissolved  in  alcohol.  These  operations  are  to  be  re- 
peated eight  or  nine  times  till  the  palmitic  acid  crystallizes  quite 
free  from  the  oleic  acid,  which  remains  dissolved  in  the  mother 
liquors.  Before  being  subjected  to  analysis  it  was  once  more 
saponified,  and  the  soap  decomposed  by  muriatic  acid.  The 
palmitic  acid  had  then  a  melting  point  of  liO°  Fahr.  The 
following  are  the  results  of  its  analyses. 

gramme. 

I.  0*3025  gave    0*827  carbonic  acid,  and  0*S38    water. 

II.  0'S147     „        O'SeO         „         „  0*3545     „ 

III.  0*2950    „        0*8076       „         „  0*3305     „ 

IV.  0*2662    „         0*7262       „         „  0*3007    „ 

This  is  per  cent. 

I.  II.  III.  IV. 

Carbon...     75'48  75*56  75*69  75*46 

Hydrogen     12*41  12*51  12*48  12*51 

Oxygen...     12*11  11*93  11*83  11*83 

100*00  100*00  100*00  100*00 

In  order  to  determine  the  atomic  weight  of  the  acid  the 
silver  salt  was  prepared  by  precipitating  an  alcoholic  solution 
of  the  soda  soap  with  nitrate  of  silver. 

gnmmt.  Oxide  of  silver. 

I.   0*4992  salt  gave  0*1456  silver  =  31*31  p.  cent,  oxide. 

II.  0*8204     „     „       0*2414     „       =  31*59         „ 

III.  0-6228     „     ,»       0*183       „       =^31*55         „ 

IV.  0*5375    „     „       0*1585     „       =a  31*43  *     „ 

V.  0*5385     „     „       0*1575    „       =  31*41         „ 
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Combustion  with  oxide  of  copper  gave  the  following  results: 

I.  0'3205  salt  gave  0*62 1    carbonic  acid  and  0*249  water* 

II.  0*3305     „     „     0-6395         „         „  0*257     „ 

III.  0*2885     „     „     0*559  „         „  0*222     „ 

I.  II.  III. 

Carbon 53*57  53*50  5358 

Hydrogen 8-63  8*64  8*54 

Oxygen •...       6*35  6*4.1  643 

Oxide  of  silver...     31*45  31*45  31*45 


100*00  10000  10000 

The  analyses  of  the  hydrate  agree  best  witli  the  following 
formula : 

Per  cent. 

66  atoms  of  Carbon  5044  75*67 

128       „         Hydrogen  ,..     824  12*33 

8       99         Oxygen  800  12*00 

6668  100-00 

From  the  determination  of  the  quantity  of  oxide  of  silver  in 
the  silver  salt,  however,  I  am  disposed  to  prefer  Mr.  Frem^s 
formula  for  the  hydrate  as  the  more  probable.     It  is 

Per  cent 

32  atoms  of  Carbon 2446  75*37 

64       „          Hydrogen...       399  12*40 

4      ,9  Oxygen 400  12*23 

3245  100*00 
The  formula  C^  U^  O3+ Ag  O  gives  the  followmg  num- 
bers for  the  silver  salt :  Per  cent 

32  atoms  of  Carbon 2446  53*35 

62      „         Hydrogen......      387  8*44 

3       „         Oxygen 300  6*54 

1       „         Oxide  of  silver    1452  31*67 


4585  100*00 

The  hypothetical  composition  of  the  anhydrous  acid  is  con- 
sequently as  follows : 

Per  cent 

32  atoms  of  Carbon 2446  78*08 

62        „       Hydrogen..       387  12*35 

3        99       Oxygen  . ...       300  9*57 

3133  100*00 

The  number  3133  agrees  very  nearly  with  the  mean  of 
five  determinations  of  the  silver  salt,  which  gave  3165  for  the 
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atomic  weight  of  the  anhydrous  acid.  The  baryta  salt  was 
prepared  in  the  usual  way  by  precipitating  an  alcoholic  solu- 
tion of  the  soda  soap  witn  cnioride  of  barium. 

Per  cent,  baryta. 

I.  0-5080  salt  gave    0-150  carb.  of  baryta  =  22-90 

II.  0*4947     „     „       0-1462       „        „         =  22-92 
The  calculated  quantity  is  28-39  per  cent,  baryta.     The 

atomic  weight  3221,  which  this  gives  for  the  anhydrous  acid, 
does  not  dmer  essentially  from  that  found  by  the  silver  salt. 

The  following  is  the  mode  of  preparing  Palmitin,  the  com- 
pound of  palmitic  acid  and  glycerine.  Palm  oil  is  to  be  sub- 
jected to  pressure  between  folds  of  linen,  to  separate  the  more 
fluid  portion.  The  solid  part  is  to  be  treated  six  or  seven 
times  with  boiling  spirits  of  wine  to  remove  the  palmitic  and 
oleic  acids,  whicn  are  yery  soluble  in  that  liquid.  Palmitin, 
which,  on  the  contrary,  b  nearly  insoluble  in  hot  spirits  of 
wine,  is  to  be  then  dissolved  in  hot  aether  and  filtered,  to  se- 
parate it  from  the  impurities  which  accompany  it,  and  which 
remain  on  the  filter.  On  the  cooling  of  the  solution  the  palmi- 
tin  is  deposited  in  very  small  crystals.  These  are  to  be  pressed 
between  folds  of  blotting-paper  and  recrystallized  out  of 
aether.  These  operations  are  to  be  repeated  six  or  seven 
times  till  the  palmitin  is  free  from  every  trace  of  olein.  It  is 
then  to  be  kept  melted  on  the  water-bath  till  the  aether  is 
driven  off.  Pure  palmitin  melts  at  120^  Fahr.^  and  when  sa- 
ponified yields  palmitic  acid  with  the  ordinary  melting  point 
of  140^  Fahr.  Palmitin  is  quite  neutral ;  on  being  melted  and 
not  allowed  to  cool  it  does  not  crystallize,  but  forms  a  half 
transparent  mass  like  white  wax,  but  which  differs  from  wax 
in  being  easily  reducible  to  powder.  It  is  almost  insoluble  in 
ordinary  spirits ;  but  absolute  alcohol  dissolves  a  little  of  it  at 
a  boiling  temperature,  which  precipitates  in  white  flocks  on 
the  cooling  of  the  liquid.  It  is  soluble  in  aether  in  every 
proportion.  In  its  appearance  and  properties  generally  it 
yery  much  resembles  stearin ;  palm  oil  contains  only  a  few 
parts  per  cent,  of  palmitin. 

The  following  are  the  results  of  its  analysis. 

I.  0-3235  gave    0*896  carbonic  acid,  and   0*8485  water. 

II.  0-3384     „       0-9397         „         „  0*3744      „ 

III.  0-8317     „       0-9195         „         „  0-3665      „ 

or  per  cent. 

I.                  II.  III. 

Carbon 76*58  76*78  76-65 

Hydrogen.. 11'99  12-29  12*27 

Oxygen  ,„...,>,>.«     11*48  10-93  11-08 

100-00  10000  100-00 
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The  calculated  numbers  are, 

35  atoms  of  Carbon    2675  .            76*73 

66       „          Hydrogen   ...  412  11 '80 

*       99         Oxygen   400  11-47 

3487  100-00 

and  consequently  palmitin  must  be  regarded  as  consisting  of 

1  atom  of  Palmitic  Acid  =  C^  Hgg  O3 
1     „  Glycerine         »  C3  H4  O 

1  atom  of  Palmitin  s:^  C35  H^  O4 

It  is  evident  that  this  gives  a  venr  different  formula  for 
glycerine  from  the  ordinary  one,  Cg  H14  O5.     This,  however, 

E'ves  a  much  simpler  view  of  its  constitution,  proving  it  to  be- 
ng  to  the  class  of  simple  organic  oxides,  like  those  of  ethule 
and  methule.  This  formula  also  affords  a  very  simple  ex* 
planation  of  the  decomposition  which  glycerine  undergoes 
when  treated  with  peroxide  of  manganese  and  sulphuric  acid. 
It  is  then,  as  is  well  known,  converted  into  formic  and  carbonic 
acids,  as  under : 

C3H4O+  05  =  C^H^Og+HaO-hCOy 

Palmitin  when  distilled  gave  acrolein,  but  no  sebacic  acid ; 
palm  oil,  on  the  contrary,  when  subjected  to  distillation,  yielded 
sebacic  acid  in  abundance.  This  shows  that  the  other  add 
which  palm  oil  contains  is  the  oleic,  as  it  is  the  only  fat  acid 
known  to  yield  sebacic  acid  by  distillation. 

Messrs.  Pelouze  and  Boadet  discovered  that  palm  oil  con- 
tains free  glycerine,  which  can  be  obtained  from  it  by  treating 
the  oil  with  hot  water  and  filtering.  I  have  also  succeeded 
in  obtaining  it  by  this  process.  The  acid  which  accompanied 
it  was  neutralized  with  carbonate  of  soda^  and  the  fflyoerine 
extracted  by  alcohol.  Its  quantity  was  very  inconsiderable. 
The  presence  of  free  glycerine  in  palm  oil  is  what  might  have 
been  expected  from  its  containing  so  large  a  quantity  of  free 
palmitic  and  oleic  acids. 

Palm  oil  also  contains  small  quantities  of  a  blucish-green 
colourinff  matter.  It  is  heavier  than  the  oil,  and  forms  a 
thinnish layer,  which  adheres  to  the  lower  part  of  the  cake 
which  palm  oil  forms  when  it  is  melted  in  water  and  allowed 
to  cool;  I  thought  at  first  it  was  owing  to  the  palm  oil  having 
been  prepared  in  copper  vessels,  but  on  examination  I  found 
that  it  was  wholly  of  a  vegetable  nature.  Hydrosulphate  of 
ammonia  had  no  effect  upon  it ;  caustic  alkalies  rendered  it 
colourless;  muriatic  and  nitric  acid  had  a  similar  efiect,  but 
sulphuric  acid  blackened  and  apparently  charred  it 
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Butter  of  Cacao. — Cacao  butter  is  obtained  from  chocolate 
beansy  the  fruit  of  the  Theombra  Cacao  \  either  by  subjecting 
the  bruised  beans  to  pressure  between  hot  iron  plates,  or  by 
boiling  them  in  water  and  scumming  off  the  oil  as  it  collects 
on  the  surface.  One  pound  of  beans  usually  yields  from  three 
to  four  ounces  of  the  oil.  When  first  prepared  it  has  usually 
a  yellowish  colour,  but  this  can  be  easily  removed  by  boiling 
it  with  water,  or  still  more  completely  by  treating  it  with  hot 
alcohol.  The  taste  of  cacao  butter  is  mild  and  agreeable ;  and 
its  smell,  which  resembles  that  of  the  beans,  is  owing  to  the 
presence  of  an  oily  matter,  which  may  be  easily  removed  by 
one  or  two  digestions  with  alcohol.  With  caustic  soda  cacao 
butter  forms  an  excellent  soap ;  but  it  is  by  no  means  very 
easily  saponified.  The  melting  point  of  cacao  butter  is  stated 
by  most  chemical  authors  at  122^  Fahr.  I  found  that  of  (he 
specimen  I  examined  only  86°  Fahr.  MM.  Pelouze  and  Boudet 
state  it  at  85°  Fahr.  Cacao  butter  is  remarkable  for  the 
lenffth  of  time  it  may  be  kept  without  becoming  rancid. 

In  order  to  subject  the  acids  which  cacao  butter  contains 
to  examination,  it  was  saponified  by  caustic  potash  and  the 
soap  decomposed  by  muriatic  acid.  The  melting  point  of  the 
mixed  acid  was  125°  Fahr.;  they  were  then  dissolved  in 
hot  spirits  of  wine  and  allowed  to  crystallize,  when  the  cry- 
stals were  collected  and  carefully  dried  by  pressure.  These 
solutions  and  crystallisations  were  repeated  nine  or  ten  times 
to  free  ihem  from  the  less  crystallizable  acids,  which  remained 
dissolved  in  the  alcoholic  mother  liquors.  The  crystals  had 
then  a  melting  point  of  157^  Fahr.,  and  on  analysis  they 
proved  to  be  stearic  acid.    The  following  are  the  results. 

I.    0-318  gave   0*8835  carbonic  acid,  and  0*3622  water. 


II. 

0'«595    „ 

0'719        „ 

»> 

0-300 

III. 

0«99     „ 

0-883        „ 

n 

0'S47 

or  pel  cenU 

I. 

II. 

III. 

Carbon    .. 

....    76-82 

76-61 

76-85 

Hydrogen 

...     12-65 

12-84 

12-86 

Oxygen ... 

...     10-52 

10-65 

10-29 

J> 


10000  100*00  100-00 

This  gives  the  following  formula  for  the  hydrous  acid  : 

Per  cent. 

68  atoms  of  Carbon 5197*6  77*04 

132         „       Hydrogen...     848-6  12*58 

7        19       Oxygen 700*0  10*38 


6746*2  100*00 
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In  order  to  determine  the  atomic  weiffht  of  the  acid  the  aether 
wasprepared  in  the  usual  way,  by  dissolving  a  portion  of  stearic 
acid  in  alcohol  and  saturating  it  with  muriatic  acid  gas. 

The  aether  is  a  semi-transparent  crystalline  body,  very  like 
stearin.  It  was  repeatedly  washed  with  hot  water  to  free  it 
from  muriatic  acid.  It  was  then  carefully  dried  and  sub- 
jected to  analysis ;  the  following  are  the  results. 

I.    0-2715  gave    0-7595  carbonic  acid,  and  0*3155  water, 

n.  0*240      „         0*671         ,9         „  0*2805      „ 
or  per  cent. 

I.  n. 

Carbon 77*35  77»SO 

Hydrogen 12*91  12*94 

Oxygen 9*79  9*76 

100*00  100*00 

The  formula  dedueible  from  these  analyses,  C^^  H,44  O^,  is 
equivalent  to  1  atom  acid,  1  atom  aether,  and  1  atom  water. 

Per  cent. 

72  atoms  of  Carbon...     5503*3  77*49 

144      „  Hydrogen       898*5  12*62 

7       „  Oxygen...       700*0  9*86 

7101*8  100-00 
When  one  atom  of  aether  and  one  of  water  are  subtracted 
from  the  above,                   C72  H^^  O7 
— C4    Hja  Og 
we  obtain  the  numbers         Cga  Hja^  O5 

as  the  formula  of  anhydrous  stearic  acid :  *          Per  cent. 

68  atoms  of    Carbon 5197*7  79*70 

132       „            Hydrogen 823-6  12-58 

5         „            Oxygen    500*0  10-38 

lOO-OO 
When  cacao  butter  is  distilled  it  yields  no  appreciable 
quantity  of  sebacic  acid,  but  when  the  uncrystallizable  acid 
which  remains  in  the  alcohol  out  of  which  the  stearic  acid 
has  crystallized  is  subjected  to  distillation,  traces  of  sebacic 
acid  are  readily  obtained.  This  indicates  that  the  quantity 
of  oleic  acid  contained  in  cacao  butter  is  by  no  means  very 
considerable. 

I  have  every  reason  to  believe  that  besides  the  stearic  and 
oleic  acids,  cacao  butter  contains  a  tliird  acid,  which  has  a 
melting  point  of  about  140°  Fahr.,  and  which  may  probably 
be  the  margaric.  ?  Its  nature,  however,  must  be  the  sabject 
of  some  future  investigation. 
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XXXVII.  Examination  of  a  Fourth  Experiment  adduced  ly 
Professor  Faraday  in  support  of  M.  de  la  Rive's  Theoiyy 
and  regarded  by  Dr.  Fusinieri  to  be  demonstrative.  By  Dr. 
Stephen  Mariamini,  Acting  Professor  of  Particular  and 
Experimental  Physics  in  the  University  ofModena^  ^c.  SfcJ^ 

*' senza  il  corredu  dell'esperienza  non  siamo  sicuri  che  la  na- 
ture sia  con  noL" — Romagnosi^  DelTindol^e  deifattori  deWincivilmente,  p.dL 

T^HEN  in  the  summer  of  1835  I  undertook  the  researches 
*^  which  form  the  subject  of  the  preceding  memoir  4th  f 
upon  the  theory  of  electromotors,  I  intended  to  treat  of  only 
two  of  the  experiments  adduced  by  Professor  Faraday  in  sup- 
port of  the  tneory  of  M.  de  la  Rive;  namely,  of  the  electric 
currents  obtained  by  the  immeraion  of  platina  and  zinc  in  suU 
phuric  acid,  not  placed  in  contact  with  each  other  in  those 
parts  not  immersed  in  the  liquid ;  and  of  the  spark  obtained 
by  bringing  the  copper  wire  attached  to  a  large  copper  plate 
immersed  in  acid,  in  contact  with  the  zinc  wire  attached  to  a 
zinc  plate  immersed  in  the  same  liquid.  The  third  fact  brought 
forward  by  Professor  Faraday  is  the  positive  electrization  of 
copper,  when,  joined  with  iron,  it  is  immersed  in  a  solution  of 
sulphuret  of  potassa.  I  did  not  wish  to  speak  of  this  as  being 
at  all  analogous  to  the  other  facts  already  adduced  by  M.  de 
la  Rive,  and  which  I  had  already  shown  in  no  way  favoured 
the  new  theory.  But  having  seen  that  Dr.  Fusinieri  laid 
great  stress  upon  this  same  fact,  I  began  to  examine  it,  and 
with  the  assistance  of  clear  and  easy  experiments,  1  think  I 
have  shown  that  this  also  was  not  more  favourable  than  the 
others  to  the  theory  of  the  learned  Genevan. 

I  did  not  write  of  the  fourth  experiment  pointed  out  by  Pro- 
fessor  Faraday,  because,  not  only  did  it  appear  to  me  less  con- 
clusive than  the  others,  but  I  also  thought  that  it  must  appear  so 
to  whoever  is  acquainted  with  what  fhave  already  published 
on  electromotors.  I  now  see  that  I  partly  deceived  myself,  for 
Dr.  Fusinieri  in  the  discussion  into  which  he  enters  in  some 
pages  of  the  Annate  delle  Scienze  del  Regno  Lombardo-VenetOj 
relative  to  my  aforesaid  memoir,  attaching  not  a  little  import^ 

*  From  the  author*s  Memoria  de  Finca  ^crimentale  scrilia  dopo  il }  836. 
Annosectmdo,  1838.  Modena,  1838,  8vo. 

i'  The  memoir  here  mentioned  is  inserted  in  yohime  2]  of  the  Memoirs 
of  the  Italian  Society  of  Sciences  of  Modena.  Of  the  other  three  upon  the 
same  subject,  the  first,  read  at  the  Athenseum  at  Venice  on  the  22nd  of  May, 
1828,  was  afterwards  published  in  the  20th  volume  of  those  Memoirs;  the 
second  was  printed  in  Venice  by  Alvisopoli  in  1830,  and  in  the  45th  volume 
of  the  Annates  de  Chimie  et  de  Physique;  and  the  third,  in  the  first  bimestre 
for  1836  of  the  Scientific  Annals  of  the  Lombardo- Venetian  Kingdom. 

PhiL  Mag.  S.  S.  Vol.  18.  No.  116.  March  1841.       O 
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ance  to  this  experiment,  declaring  it  of  itself  demonstrative. 
And  as  after  such  a  judgement  it  may  be  believed  by  some 
that  I  am  of  the  same  opinion,  and  that  for  this  reason  I  have 
been  silent  on  the  subject,  I  think'  it  incumbent  on  me  to  dis- 
cuss it  in  this  article,  which  may  therefore  be  considered  as  a 
continuation  of  the  foregoing  memoir  4th. 

The  experiment  now  under  consideration  is  that  in  which, 
by  agitating  with  a  feather  the  liquid  in  which  are  immersed 
the  zinc  ami  the  copper  of  a  voltaic  pair,  the  electric  current 
is  strengthened.  And  to  explain  such  increase  of  strength. 
Professor  Faraday  observes  that  the  neutralized  acid  stratum 
adhering  to  the  zinc  is  removed,  the  acid  stratum  in  contact 
with  it  is  renewed,  and  thence  the  chemical  action  acquires 
new  force. 

By  stirring  with  a  feather  the  liquid  in  which  the  voltaic 
pair  is  immersed,  the  neutralized  acid  stratum  adhering  to  the 
zinc  is  removed  when  the  electromotor  has  been  a  short  time 
in  action;  but  when  the  electric  current  operates  for  some 
time,  half  an  hour,  for  example,  the  greater  part  of  the  neu- 
tralized acid  stratum  remains  still  adhering  to  the  zinc,  not- 
withstanding the  agitation  of  the  liquid.  I  will  suppose,  then, 
that  an  experiment  is  here  treated  of  in  which  the  circuit  is 
completed  only  for  a  few  minutes,  in  which  case,  by  this  agi- 
tation, the  neutralized  acid  stratum  covering  the  zinc  is  in 
great  part  removed. 

By  means  of  the  above-mentioned  operation,  if  it  is  per- 
formed when  the  electric  circuit  is  interrupted,  the  current  is 
considerably  strengthened  when  the  circuit  is  again  completed; 
but  whenever  the  circuit  is  completed  many  times,  and  espe- 
cially when  the  liquid  is  water,  acidulated  or  strongly  saline, 
the  uquid  may  be  agitated  with  a  leather  as  much  as  may  be 
desired,  since  the  electric  current  does  not  acquire  more 
strength,  as  is  shown  by  the  constantly  decreasing  deviation 
of  the  galvanometer.  And  this  is  very  natural,  since  if  on 
the  one  hand,  the  agitation  of  the  liquid  removes  some  of  the 
neutralized  acid  stratum  from  the  surface  of  the  zinc,  the  elec- 
tric current  causes  it  to  adhere  again,  and  probably  in  greater 
quantity  than  the  agitation  of  the  liquid  subtracts.  It  is  other- 
wise, \ti  instead  of  stirring  the  liquid  with  a  feather,  the  sur- 
face of  the  zinc  is  lightly  scraped  with  the  angle  of  a  plate  of 
glass ;  since,  in  that  case,  detaching  from  the  metal  more  neu- 
tralized acid  than  that  which  the  current  causes  to  adhere  to 
it  in  the  same  time,  the  electric  current  is  in  a  degree  visibly 
strengthened.  But  here  it  is  said  that  the  current  is  strength- 
ened by  agitating  the  liquid  with  a  feather ;  we  will  therdore 
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isuppose  that  such  an  operation  must  be  made  with  the  circuit 
interrupted. 

When  the  force  of  an  electromotor  becomes  weakened  by 
keeping  the  circuit  complete  for  some  time,  we  know  that  by 
suspending  the  communication  between  the  poles  it  recovers 
by  itself  its  primitive  force,  either  entirelv  or  in  part,  without 
the  liquid  being  agitated  in  the  smallest  degree*^.  In  order  to 
estimate  the  true  value  which  in  the  present  question  ought 
to  be  attached  to  this  experiment,  it  will  be  useful  to  know 
how  much  of  the  strength  is  owing  to  the  agitation  of  the  li- 
quid, and  how  much  to  the  repose  of  the  electromotor. 

For  this  purpose  I  procured  forty  plates  of  zinc,  and  as 
many  of  copper ;  I  tried  five  pairs,  one  after  the  other,  taken 
at  hazard,  and  all  produced  an  equal  deviation  of  the  galvano- 
meter ;  all  in  similar  circumstances  electrized  to  an  equal  ten- 
sion the  electrometer  furnished  with  a  condenser.  I  made 
these  first  trials  to  be  certain  that  the  other  pairs  also  would 
produce  the  same  effects  under  similar  circumstances,  and 
thus  to  be  able  to  make  use  of  new  plates  in  every  experi- 
ment, in  order  the  better  to  obtain  the  necessary  similarity  of 
circumstances. 

I  have  made  other  preliminary  experiments  to  ascertain 
what  force  such  pairs  would  lose  when  kept  in  action  for  a 
given  time,  and  how  much  of  it  they  would  regain  by  being 
left  in  repose  for  a  like  given  time.  These  things  being  pre- 
mised, I  came  to  the  examination  of  the  experiment. 

II.  I  took  therefore  a  plate  of  copper  and  one  of  zinc  con- 
nected by  means  of  the  wire  of  the  galvanometer,  and  plunged 
them  two  thirds  of  their  height  into  the  acidulated  water.  The 
galvanometer  deviated  quickly  full  eighty  degrees,  but  after 
three  minutes  the  deviation  was  only  twenty-one  degrees. 
Having  interrupted  the  circuit,  and  left  it  so  for  twenty  mi- 
nutes without  agitating  the  liquid,  the  deviation  which  followed 
on  first  re-completing  it  was  thirty-two  degrees,  and  it  stopped 
at  last  at  twenty-one.  After  three  minutes  the  needle  was  nearly 
stationary  at  nineteen.  I  interrupted  the  circuit  for  twenty 
seconds,  and  agitated  the  liquid,  and  then  completing  the  cir- 
cuit, the  first  deviation  was  of  thirty- eight  degrees,  and  when 
the  needle  no  longer  vibrated  it  pointed  to  about  twenty- 
three. 

In  another  experiment  I  left  the  circuit  closed  during  an 
hour  and  five  minutes.  The  needle  of  the  galvanometer 
pointed  thirteen  degrees;  I  opened  the  circuit,  and  after  five 

*  See  Memoir  upon  the  loBii  of  tension,  &c.  in  the  Anntdet  de  Chimie  ei 
de  PhjfHque,  August,  18^. 
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minutes  of  repose  I  dosed  it;  the  needle  pointed  exactly  to 
thirty-five,  and  stopped  at  the  eleventh  degree.  The  circle 
being  again  interrupted,  and  the  liquid  stirred  with  a  feather, 
the  needle  deviated  to  thirty-nine,  and  finally  stopped  at 
about  thirteen  degrees. 

From  these  and  other  similar  experiments  I  have  seen  that 
the  agitation  of  the  liquid,  after  the  electromotor  has  acted  for 
some  time,  produces  an  increase  of  strength  in  the  current 
independent^  of  the  repose.  Since  in  the  first,  for  example, 
of  the  above  experiments,  by  the  inaction  only  the  pair  would 
have  recovered  strength  to  make  the  needle  deviate  thir^-two 
degrees,  whilst  with  tne  repose  and  the  agitation  of  the  liquid 
combined  the  force  was  such  as  to  make  it  deviate  thirty* 
eight  degrees.  Therefore  six  degrees  of  deviation  above  the 
thirty-two,  or  the  degree  of  strength  expressed  by  them,  was 
procured  by  the  agitation  of  the  liquid.  In  the  second  expe- 
riment, then,  the  force  recovered  by  the  agitation  of  the  liqaid 
is  expressed  by  four  degrees  of  deviation  above  the  thirty- 
five. 

III.  I  convinced  myself  in  another  way  also  of  this  advan- 
tage, which  agitating  the  liquid  with  a  leather  confers  upon 
the  current,  by  observing  the  time  required  for  the  needle  of 
the  galvanometer  to  recede  a  given  number  of  degrees  from 
the  point  where  it  had  ceased  to  oscillate ;  since  when  the 
liquid  was  agitated  the  time  was  generally  greater  than  when 
it  was  not  agitated,  and  especially  if  the  liquid  itself  was  in 
any  degree  a  conductor,  as  for  example,  spring  water,  or 
water  rendered  slightly  saline,  which  also  shows  that  with  the 
agitation  of  the  liquid  we  put  an  obstacle  to  the  cause  which 
tends  continually  to  slacken  the  current  when  the  circuit  is 
complete. 

It  is  true  that  this  increase  of  strength  caused  by  agitating 
the  liquid  is  but  trifling  when  compared  with  that  which  is 
caused  by  repose.  At  all  events  the  proposition  of  Faraday 
is  not  the  less  true,  although  he  may  not  have  remarked  that 
the  greater  part  of  the  increase  of  strength  is  owing  to  the  re- 
pose, and  the  less  to  the  agitation  of  the  liquid :  and  so  much 
the  more  founded  is  the  proposition  of  the  learned  Englishman, 
tliat  these  two  causes  of  increase  of  strength  resolve  them- 
selves into  one;  since  even  simple  repose  causes  the  voltaic 
pair  to  acquire  force,  probably  because  the  liquid  freeing  the 
neutralized  acid  detaches  it  from  the  zinc. 

IV.  The  liquid  being  agitated,  the  chemical  action  acquires 
new  vigour,  because  a  new  stratum  of  acid  comes  into  contact 
with  the  zinc.  When  indeed  this  experiment  is  made  by  im- 
mersing the  pair  in  distilled  water  (in  which  case  the  efiects 
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are  the  same^  except  that  they  are  very  slow  and  small)  it  is 
not  a  new  acid  stratum  that  comes  to  act  upon  the  zinc ;  yet 
it  will  be  a  stratum  of  something  which  will  take  its  place; 
that  is  to  say,  which  causes  the  chemical  action  exercised  by 
the  liquid  upon  the  zinc  to  take  new  vigour.  I  limit  myself, 
thereftNTe,  very  willingly  to  the  experiment  esteemed  by  Pro* 
fessor  Faraday  "  of  itself  convincing,"  in  which  there  is  no 
doubt  that  when  the  liquid  is  agitated  in  the  said  circum- 
stances these  two  facts  follow, — the  restoration  of  the  chemical 
action,  and  the  strengthening  of  the  current. 

But  from  both  these  phaenomena  arising  when  the  liquid  is 
agitated,  does  it  follow  immediately,  as  a  necessary  conse- 
quence, that  the  second  is  occasioned  by  the  first  ?  To  ad- 
mit this  is  to  acknowledge  that  the  chemical  theory  may  be 
proved  independently  of  this  experiment.  Then  this  experi- 
ment cannot  be  proclaimed  ^^  of  itself  convincing,"  because 
some  other  is  necessary  to  prove  the  truth  of  the  theory  of 
M.  de  la  Rive. 

V.  If  it  is  not  of  itself  sufficient  to  demonstrate  the  truth 
of  the  sud  theory,  let  us  see  if  at  least  the  aforesaid  experi- 
ro^it  may  serve  to  confirm  it,  on  the  hypothesis  that  it  may 
already  be  otherwise  proved. 

The  Delarivian  theory  being  therefore  supposed  true,  that 
is,  it  being  supposed  that  the  current  in  the  voltaic  pair  be- 
comes stronger,  by  the  chemical  action  exercised  by  the  liquid 
upon  the  zinc,  than  upon  the  copper ;  it  is  easily  understood, 
it  is  true,  bow  by  renewing  the  acid  stratum  upon  the  surface 
of  the  zinc,  the  current  may  be  rendered  more  powerful.  But 
together  with  the  zinc,  the  copper  also  is  immersed  in  this  li- 
quid, and  this  metal  is  attacked  itself  also  by  the  liquid;  and 
if  proofs  of  this  were  wanted,  the  same  chemical  theory  would 
immediately  furnbh  them;  because  when  copper  is  joined 
with  gold,  platina,  charcoal,  it  becomes  more  highly  electri- 
cal. Then  by  stirring  that  liquid  the  chemical  action  upon 
the  copper  is  also  increased,  and  this,  if  the  theory  of  M.  de 
la  Rive  be  just,  must  be  to  the  injury  of  the  current. 

Is  it  not  possible  that  the  trifling  increase  of  power  ob- 
served on  agitation,  depends  on  the  chemical  action  on  the 
copper  being  also  increased  in  power,  in  consequence  of  which 
the  efiect  that  is  apparent  is  only  that  which  is  due  to  the  ex- 
cess of  the  increase  of  action  on  the  zinc  above  that  of  the  in- 
crease of  action  on  the  copper  ?  Had  this  been  the  case  it 
would  have  been  very  easy  to  see  it  in  the  experiment  I  am 
about  to  relate. 

VL  Instead  of  placing  the  two  plates  of  the  pair  in  the 
same  cop,  I  put  the  copper  into  one  and  the  zinc  into  another ; 
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in  each  cup  was  contained  the  usual  acidulated  water,  and  in 
each  was  immersed  one  end  of  the  galvanometrical  wire,  which 
was  of  copper.  The  circuit  being  complete,  making  the  two 
plates  to  communicate  with  each  other  metallically,  after  the 
needle  was  quiet  (it  pointed  to  twenty-five  degrees]  I  stirred 
the  liquid  in  the  cup  where  the  zinc  was,  but  I  did  not  per- 
ceive any  increase  in  the  deviation.  I  interrupted  the  circuit, 
and  agitated  the  liquid,  but  after  it  was  closed  the  needle 
showed  no  greater  deviation,  or  at  least  the  increase  was  not 
perceptible.  Then  at  least  the  increase  of  power  waa  less 
than  when  the  liquid  was  agitated  whilst  the  two  plates  were 
in  the  same  cup ;  and  still,  according  to  the  tlieory  of  M. 
de  la  Rive,  in  this  last  case,  the  increase  of  power  ought,  on 
the  contrarv,  to  be  greater,  because  the  chemical  action 
upon  the  zinc  was  increased,  while  that  on  the  copper  re- 
mained unaltered. 

But  again,  if  the  experiment  is  repeated,  leaving  the  liquid 
in  which  the  zinc  is  immersed  always  quiet  and  agitating  that 
in  which  the  copper  is  immersed,  almost  the  same  increase 
in  the  deviation  is  observed  which  was  obtained  in  the  ex- 
periments in  which  the  plates  were  in  the  same  cup ;  yet  ac- 
cording to  the  new  theory,  by  6trengthening  the  chemical 
action  upon  the  copper  and  not  upon  the  zinc,  the  copper 
ought  to  become  less  negative,  and  thence  the  current  be- 
come weakened  instead  of  strengthened ;  therefore,  according 
to  the  results  of  the  examination  hitherto  made,  the  experi- 
ment treated  of  contradicts  the  chemical  theory,  instead  of 
confirming  it. 

VII.  Shall,  then,  this  litde  increase  in  the  force  of  the  cur- 
rent which  follows  upon  the  agitation  of  the  liouid,  or  upon 
such  a  cleaning  [pulimentOi  Fr.  dicape)  of  the  plates,  remain 
without  explanation  ?  I  believe  it  will,  so  long  as  no  other  effect 
is  required  to  take  place  from  that  agitation  than  the  increase 
of  the  chemical  action  of  the  liquid  on  the  metal. 

Since  by  this  action  either  electricity  is  not  developed,  or 
even  if  it  is  developed  it  is  not  that  which  circulates  in  the 
electromotors,  at  least  in  ordinary  cases,  as  I  have  shown, 
with  many  experiments  in  my  second  memoir  upon  this  sub- 
ject^: thus  the  strengthening  of  this  action  on  either  metal 
causes,  of  itself,  no  change  in  the  current,  as  the  preceding  ex- 

Eeriments  may  show.    But  if  from  this  agitation  of  the  liquid, 
esides  the  strengthened  chemical  action  of  the  liquid  itself 
upon  the  metals,  we  se^  result  also  an  increase  in  the  con- 

*  Memoir  upon  the  chemical  theory  of  Voltaic  Electromotors,  simple 
and  compouncl.  Venice,  1830. — Annalei  dt  CkMe  ei  de  Fhysique,  Sep- 
tember and  October,  1830. 
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ductibiltty  of  the  apparatus,  an  increase  observed  and  noted 
by  M.  de  la  Rive,  and  by  myself  many  years  ago  %  the  ex- 
planation of  the  phfenomenon  will  become  easy  and  natural ; 
and  whoever  wishes  to  see  this  verified  has  only  to  repeat  the 
experiment,  which  I  now  proceed  to  describe. 

Having  plunged  a  voltaic  pair  into  two  cups  of  acidulated 
water,  as  in  the  experiment  of  the  preceding  paragraph,  I  put 
the  liquid  of  the  cup  in  which  the  copper  was  plunged  in 
communication  with  a  third  cup,  containing  some  of  the  same 
liquid,  by  means  of  an  arc  formed  by  a  plate  of  copper;  and 
in  this  cup  was  plunged  another  plate  of  copper,  which  formed 
one  of  the  extremities  of  the  galvanometric  wire ;  whilst  the 
other  was  dipped,  by  means  of  a  plate  of  copper,  into  the  cup 
containing  the  zinc  plate  of  the  pain  All  being  thus  arranged, 
I  closed  the  circuit,  and  the  needle  deviated  nearly  to  the 
fortieth  degree,  and  then  stopped  at  the  eighth ;  and  after  a 
minute,  I  interrupted  the  circuit  and  held  it  open  for  half  a 
minute ;  after  which  time  the  needle  was  stationary  at  zero, 
and  having  completed  the  circuit  again  the  needle  deviated 

auickly  to  thirty  degrees,  and  then  stopped  again  at  the  eighth 
egree.  Hitherto  the  liquid  was  not  agitated;  but  a  minute 
after  the  needle  became  stationary,  I  opened  the  circuit,  I 
stirred  the  liquid  in  the  third  additional  cup,  that  namely,  in 
which  was  plupsed  one  end  of  the  arc  of  copper  joined  to  the 
pair,  and  one  plate  of  copper  attached  to  one  end  of  the  wire 
of  the  galvanometer,  and  after  half  a  minute,  the  circuit  being 
completed,  the  needle  deviated  to  the  thirty-fifth  degree,  and 
stopped  afterwards  upon  the  ninth. 

If  instead  of  stirring  the  liquid  the  plates  immersed  in  it 
are  slightly  touched  with  a  feather,  the  increase  of  strength  is 
observed  without  interrupting  the  circuit.  In  one  of  the  ex- 
periments made  in  this  manner,  the  needle  was  stationary  at 
the  sixth  degree,  and  after  brushing  the  plate  of  copper  an- 
nexed to  one  end  of  the  galvanometric  wire  and  immersed  in 
the  third  cup,  the  needle  moved  to  nine  degrees,  whence  it 
turned  quickly  to  six.  The  same  thing  happened  upon  brush- 
ing gently  the  plate  which  served  as  an  arc  in  the  part  im- 
mer^  in  the  cup  containing  the  zinc  plate  of  the  pair. 

Now  in  such  experiments  those  plates  of  copper  served  only 
to  convey  the  electricity  put  in  motion  by  the  voltaic  pair ; 
then  the  agitation  of  the  liquid  or  that  light  friction  upon  the 
plates  of  copper,  strengthens  the  current  in  proportion  as  the 
power  of  conducting  or  transmitting  the  electricity  is  strength- 
ened in  the  apparatus. 

*  Memoir  upon  the  loss  of  teniion  which  electromotors  undergOi  &c. 
Section  15. — Annaiei  de  Chitme  eide  Pkynque^  August,  IdSS. 
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VlII.  We  may  conclude  from  vhat  has  been  said^  that  the 
fourth  experiment  of  Professor  Faraday,  which,  according  to 
Signor  Fusinieri,  is  itself  demonstrative  of  the  truth  of  M.  dela 
Rive's  theory,  is  at  least  inconclusive. 

And  here  it  may  be  asked,  whence  then  comes  that  altera- 
tion in  the  conductibility  of  the  apparatus  ?  And  M.  de  la 
Rive  will  reply  that  the  agitation  of  the  liquid  or  the  cleansing 
of  the  plates  increases  the  transmissibility  for  the  electricity 
of  the  same;  and  I  shall  add  that  the  alteration  in  the  relative 
electromotive  faculty,  or,  which  is  the  same  thing,  in  the  elec- 
trotism  of  the  plates,  also  concurs  in  this.  By  the  current, 
indeed,  the  electrotism  of  those  plates  in  which  the  electricity 
enters,  becomes  positive,  and  those  from  which  it  proceeds  to 
pass  into  the  liquid  negative,  and  that  alteration  proceeds 
from  the  matter  which  die  current  collects  upon  the  plates 
themselves.  Now  by  the  agitation  of  the  liquid,  and  brushing 
the  plates  gently  with  a  leather,  all  or  a  part  of  this  matter 
which  alters  the  electrotism  of  them,  and  hence  necessarily 
strengthens  the  voltaic  current,  is  removed.  I  was  convinced 
that  this  was  connected  with  the  phsenomenon,  by  observing 
that  in  the  second  experiment  of  the  preceding  paragraph,  if 
any  one  of  the  plates  in  which  the  electrotism  oecomes  nega- 
tive is  brushed  with  a  feather,  there  is  an  increase  of  the  cur- 
rent much  greater  than  when  one  of  those  in  which  the  elec- 
trotism become  positive  is  brushed ;  and  we  know  that  the 
changes  in  electrotism  to  positive  are,  ceteris  paribus,  more 
trifling  than  the  changes  to  negative'^'. 

IX.  The  above  remarks  relative  to  the  experiments  in 
question  are  those  which  are  most  obvious,  and  which  suflSce 
to  show  the  little  or  no  importance  which  it  has  relatively  to 
the  theory  of  the  electromotors.  It  may,  however,  assist  those 
who  desire  to  repeat  that  experiment  and  to  study  it,  brieflv 
to  bring  under  ^eir  notice  some  other  phaenomena  which 
may  present  themselves,  and  which  do  not  escape  the  atten- 
tive observer. 

Sometimes  the  feather  is  scarcely  introduced  into  the  liquid 
when  the  force  of  the  current  is  increased,  and  at  other  times 
it  is  lowered.  At  times  the  said  force  decreases  when  the  feather 
is  scarcely  withdrawn  from  the  liquid,  at  others  it  increases. 

In  two  cases  the  force  of  the  current  is  seen  to  increase  at 
the  moment  when  the  feather  is  introduced  into  the  trough 
or  cup  in  which  are  plunged  the  plates  of  the  voltaic  pair. 

1  St.  When  the  vessel  being  small,  the  level  of  the  liquid 
increases  by  the  immersion  of  the  feather,  and  this  is  not  in- 

*  See  the  Memoir  upon  the  alterationn  produced  by  the  voltaic  currents 
in  the  electrotinn  of  the  principal  metals,  1837»  p.  HO. 
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troduced  between  the  two  plates.  In  order  that  such  increase 
of  level  might  not  be  sensiole,  I  made  use  for  the  experiments 
above  described,  of  rather  large  cups,  so  that  the  two  plates  of 
the  pair  remained  distant  from  each  other  four  centimetres. 

2ndly.  In  the  second  place  the  force  of  the  current  is  in- 
creased on  the  first  insertion  of  the  feather,  when  this  being 
wet,  one  of  the  plates  is  touched  with  it;  because  it  is  as  if  of 
these  plates  another  part  was  immersed  in  the  liquid  besides 
that  wnich  is  already  immersed;  and  in  this  case  if  it  is  the 
plate  of  copper  which  is  touched  by  the  wet  feather,  the  in- 
crease of  force  is  much  greater  than  when  the  plate  of  zinc  is 
touched ;  and  this  is  very  intelligible  after  what  we  know  re- 
lative to  the  voltaic  pair  with  unequal  plates*. 

The  deviation  of  the  galvanometer  which  indicates  the  force 
of  the  current,  decreases  in  some  degree  when  the  feather,  is 
introduced  between  the  two  plates,  and  parallel  to  them,  or 
but  little  inclined;  for  in  this  case  the  feather  intercepts 
part  of  the  current,  or,  to  speak  more  correctly,  obliges  part 
of  the  current  to  run  through  a  greater  distance  before  ar- 
riving at  the  other  plate. 

Whenever  the  feather  is  in  the  liquid,  but  not  between  the 
plates,  or  if  it  is  between  them,  remains  there  so  as  not  to  in- 
tercept the  current  in  any  great  measure ;  in  tliis  case,  the 
feather  being  withdrawn,  the  current  itself  slowly  diminishes 
in  some  little  degree. 

Finally,  when  the  feather  has  been  for  some  minutes  im- 
mersed between  the  plates,  and  so  as  to  cause  the  deviation 
of  the  galvanometer  to  diminish  in  some  degree,  and  has  been 
left  there  without  amtating  the  liquid,  upon  withdrawing  the 
feather,  or  even  only  drawing  it  aside,  the  deviation  is  imme- 
diately seen  to  increase  an  equal  number  of  degrees,  and  the 
needle  to  stop  above  that  to  wnich  it  pointed  before  the  feather 
was  placed  between  the  plates. 

In  one  of  such  experiments,  in  which  the  liquid  conductor 
was  water  very  slightly  saline,  the  circuit  was  scarcely  closed, 
when  the  needle  deviated  eighty  degrees;  after  an  hour  the 
needle  was  for  several  minutes  stationary  at  twenty-eight ;  the 
feather  being  introduced  between  the  plates,  the  needle  itself 
moved  to  twenty-five.  After  a  space  of  three  minutes  I  re- 
moved the  feather,  and  the  needle  oscillated  to  thirty-three 
and  then  stopped  at  thirty.  This  is  an  experiment  at  first  sight 
very  singular,  'and  for  which  it  would  be  difficult  to  assign  a 
reason,  unless  it  be  remembered  that  when  an  electromotor 
has  lost  force  by  the  circuit  remaining  complete  for  some  time, 

*  Essay  before  quoted,  §$,  129  and  following.— ilnno^,  4"^.,  Oct.  1826. 
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not  only  does  it  regain  its  strength  when  the  circuit  is  inter- 
rupted, but  it  recovers  a  part  of  it  also,  when  instead  of  inter- 
rupting the  circuit  the  current  itself  is  only  slackened*. 
[To  be  continued.] 


XXXVIII.  Notices  of  the  Besults  qfthe  Labours  of  Continental 
Chemists.    By  Messrs.  W.  Francis  and  H.  Croft. 

To  Richard  Taylor^  Esq. 
Dear  Sir, 
Tl^E  have  the  honour  to  forward  to  you  for  insertion  in 
^^  your  valuable  Journal,  the  accompanying  notices  of  the 
researches  of  Continental  chemists.  We  trust  that,  however 
brief  and  imperfect,  they  may  prove  acceptable  to  English 
readers,  as  but  little  of  what  is  done  abroad,  especially  in  Ger* 
many,  seem  )  to  find  its  way  into  England,  or,  at  least,  until 
after  the  lapse  of  some  years.  As  instances  of  this,  we  need 
only  refer  to  some  papers  by  English  chemists  recently  pub- 
lished in  the  Philosophical  Magazme,  which  in  a  great  mea- 
sure have  been  but  repetitions  of  what  has  been  done  long 
since  on  the  Continent.  Thus  Professor  Apjohn  would  have 
been  spared  a  great  deal  of  labour  had  he  been  earlier  ac- 
quainted with  the  works  of  Liebig  and  Pelouze,  and,  still 
more,  with  those  of  Mulder.  Professor  Johnston  might  have 
been  enabled  to  shorten  his  experiments  on  the  Benzoe  resins, 
and  probably  would  have  modified  his  results,  if  he  had  known 
of  the  researches  of  Van  der  Vloet  on  the  same  subiect,  with 
whose  formulas  some  of  Professor  Johnston's  results  agree. 
Our  next  communication  shall  furnish  some  comparison  of 
these  two  excellent  investigations.  The  double  oxalates,  or 
at  least  several  of  them,  which  have  been  so  well  described  by 
Professor  Graham  in  his  celebrated  paper  on  the  constitution 
of  the  Melates,  &c.  had  been  described  already  by  Professor 
Mitscherlich.  The  fact  that  aldehyd  is  contained  in  nitrous 
aether,  as  lately  stated  by  Dr.  Golding  Bird,  was  known  years 
before  in  Germany  from  the  labours  of  Heinrich  Rose. 

It  is,  however,  needless  to  multiply  instances :  our  object  is 
to  assist  in  preventing  their  occurrence,  and  to  save  English 
chemists  some  little  unnecessary  trouble.  It  would,  it  is  true;, 
be  better  to  give  full  translations  of  the  papers,  but  our  own 
studies  do  not  allow  us  time  for  this:— the  extracts,  which 
are  made  in  our  few  leisure  hours,  are  intended  to  give  an 

.  •  See  }.  1 1  of  the  Memoir  already  cited,  upon  the  low  of  tension  which 
electromotors  undergo  when  the  circle  remains  closed,  and  upon  the  re- 
gainiDg  of  the  primitive  teosion  when  the  communication  between  the 
poles  15  suspended. 
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ides,  not  of  #bat  has  been  done,  but  merely  of  what  is  ac- 
tually going  on  in  the  Continental  chemical  world. 

Should  our  attempt  meet  your  approval  and  that  of  your 
readers,  we  shall  with  pleasure  continue  our  communication 
monthly.        We  have  the  honour  to  remain, 

Dear  Sir,  yours  truly, 
William  Francis. 
BerliD,  Dec.  13, 1840.  Henry  Croft. 

PJS.  The  Journals  consulted  are  Posgendorff  §  Armaien  der  Pkytik  und 
Chemie ;  Liebig**  Annaien  der  Chende  und  Pkarmacie  |  Erdmann's  Journal 
fur  PrtikUsche  Cheme ;  Archiv  der  Pharmacie ;  Annales  de  Chimie  et  de 
Phynquei  Journal  de  Pharmacie;  Berzelius's  AnberatieUe,  and  the 
German  translation  by  Wdhler. 

MM.  Dumas  and  Stas  have  published  a  second  treatise 
on  chemical  types  *.  The  principal  subject  of  this  treatise 
is  the  action  of  potassa  on  the  various  kinds  of  alcohol, 
both  those  which  are  evidently  similar  to  the  wine  alco- 
hol, and  also  on  those  substances  which  have  been  consi- 
dered as  analogous  to  alcohol,  as  for  instance,  glycerin,  &c. 
In  many  cases  it  is  possible  to  convert  an  alcohol  into  its 
equivalent  acid ;  but  yet  chemists  have  not  been  able  to  con- 
vert an  acid  into  its  corresponding  alcohol.  The  discovery 
and  examination  of  these  alcohols  is  much  more  important 
than  that  of  any  acid ;  for  the  acid  is  only  interesting  in  as 
far  as  its  combinations  with  inorganic  bases  are  concerned, 
while  an  alcohol  is  the  head  of  a  numerous  family.  A  new 
alcohol  may  be  compared  to  a  new  metal.  The  formula  of 
the  alcohol  of  any  acid  is  found  by  substituting  H'  for  O'  in 
the  hydrated  acid. 

In  the  experiments  on  the  action  of  hydrate  of  potassa,  it 
was  found  convenient  to  employ  a  mixture  of  equal  parts  of 
fused  potassa  and  well-burnt  lime.  This  substance  affected 
the  glass  vessels  much  less  than  potassa  alone ;  it  may,  for 
shortness'  sake,  be  called  lime-potassa. 

If  this  substance  be  moistened  with  alcohol  and  subjected 
to  a  gentle  heat,  a  gas  is  developed  which  consists  chiefly  of 
hydrogen,  and  a  litde  carburetted  hydrogen  and  carbonic 
oxide.  The  residue  contained  a  quantity  of  acetic  acid,  pro- 
portional to  the  quantity  of  alcohol  employed.  If  the  heat  is 
increasedi  carbonate  of  potassa  remains  behind,  and  marsh 
gas  (light  carburetted  hydrogen)  is  given  ofi^;  for  under  the 
influence  of  alkalies,  acetic  acid  is  decomposed  into  carbonic 
acid  and  marsh  gas,  O  H*  O*  =  C^  CH  -f  C«  H^  In  the 
usual  preparation  of  acetic  acid,  two  atoms  of  hydrogen  are 

*  Annaien  der  Chemie  und  Pharmacie,  xxxv.  p.  129,  from  Annales  de 
Ckimie  ei  de  Phytique,  vol.  Ixvi.  p.  113. 
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replaced  by  two  atoms  df  oxy^n ;  by  the  action  of  alkalies 
chloracetic  acid  C^HCl'O^  is  decomposed  into  carbonic  acid 
and  chloroform  C*CH+  C*  H  Ci^;  acetic  acid  is  decomposed 
kito  C  *  O*  -h  C*  HS  or  C«  O*  +  C«  H^  H.  Alcohol  may 
therefore  be  considered  as  composed  of  two  bodies  represent- 
ing carbonic  acid)  one  the  methylic  aldehyde  the  other  marsh 
gas,  C^H^O*  =  C^H^  -h  C^  H^0«  =*  6o*  H-  C?0*.  In 
the  usual  method  of  forming  acetic  acid  C^  H*  O*  loses  H% 
and  takes  up  0\  there  then  remains  C*  O*  O*  +  C*  H* 
ss  C^  H^  0\  or  acetic  acid.     By  the  action  of  alkalies  H'^  is 

fiven  off;  the  water  of  the  hydrated  alkali  is  decomposed, 
I*  is  developed  and  O^  assimilated.  If  the  hydruret  of  po- 
tassium be  treated  with  dilute  sulphuric  acid}  the  hydrogen  of 
the  hydruret  is  developed)  and  also  that  of  an  atom  of  water, 
the  oxygen  of  which  combines  with  the  potassium  to  form  po- 
tassa.  So  it  is  with  the  body  C^  H^  O^,  C^  H^  0«  -  H«  +  O^ 
=  C'0S  we  then  have  C«  O*  +  C^H*  =  acetic  acid,  as  before. 
With  pyroxylic  spirit  it  is  the  san^e;  two  atoms  of  water 
are  decomposed,  C«  H*  O*--  H*  +  O^  (from  H^O^)  gives 
C*  H^  O*  +  H*.  In  the  residue,  however,  is  found  a  large 
(]^uantity  of  oxalic  acid.  Peligot  has  shown  that  by  the  ac- 
tion of  alkalies  formic  acid  is  converted  into  oxalic  acid.  Hy- 
drogen is  thereby  developed,  C  H«  O*  -  H  =:  C*  H  O; 
the  oxalic  acid  in  its  turn  may  lose  H^  and  become  C^  0\ 
or  carbonic  acid. 

One  part  of  ethal  treated  with  5-6  parts  of  lime-potassa, 
gave  at  210^  to  220°  C.  a  considerable  quantity  of  hydrogen. 
The  residue,  treated  with  hydrochloric  acid,  gave  a  flocky  pre* 
cipitate;  this  was  combined  by  boiling  with  hydrate  of  baryta, 
and  the  salt  thus  formed  freed  from  excess  of  etluil  by  boiline 
alcohol,  and  then  decomposed  by  meaps  of  hydrochloric  acid! 
The  precipitate  is  ethalic  acid.  The  mixture  for  preparing 
it  must  not  be  heated  above  220^  C,  and  must  be  kept  at 
that  temperature  for  five  or  six  hours.  Ethalic  acid  is  co- 
lourless, tasteless,  inodorous,  lighter  than  water,  easily  fusible, 
solidifies  at  55^  C,  and  forms  fine  shining  needles;  insoluble 
in  water,  soluble  in  boiling  alcohol  and  asther ;  volatile.  For- 
mula C*  H'2  O*.    The  salts,  excepting  those  of  the  alkalies, 

are  insoluble  in  water  and  alcohol.     Fe^  £th  is  daric  yellow, 

Co  Eih  is  rose-coloured,  Cu  Eth  light  green,  Ag  Eth  easily 
decomposed.  The  potash  salt  is  formed  by  fusing  ethalic 
acid  with  carbonate  of  potassa,  and  extraction  with  alcohol ;  it 
is  white,  with  a  pearly  lustre,  decomposed  by  excess  of  water ; 

*  The  sign  here  should  represent  equivalency^  but  not  at  all  equality.'^R,  K. 
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insoluble  in  aether;  formula  C^^H'^  O^  +  K.  Soda  salt  cry* 
stallizes  in  large  tabular  crystals. 

One  part  otpotatoe  spirit  oil  treated  at  SOO^  with  ten  parts 
of  lime-potassa,  gave  hydrogen  and  valerianic  aldehyd ;  this 
is  further  decomposed  into  valeric  acid,  C*^  H*<  O^  — H^ 

=  C»«  H'*>  O^  k  -  H  +  O  =  C»o  H^  O'.  K.  The  residue 
is  distilled  with  sulphuric  acid,  the  vapours  condensed  in  a 
solution  of  carbonate  of  soda;  out  of  this  the  pure  valerianic 
acid  may  be  procured  by  distillation  with  phosphoric  acid. 
Specific  gravity  of  the  hydrated  acid  at  16°'5  C.  =  0*937; 
boils  at  175^,  is  not  solid  at  —  1 S*;  decomposed  by  chlorine,  not 
by  iodine  and  bromine;  by  anhydrous  phosphoric  acid  is  de- 
composed into  inflammable  gases  and  valeron,  &c.  &c.  For- 
mula C'o  H^o  0«  =  C'^  H'  O'  -f  HO;  density  of  vapour 
=  8*55 ;  found  by  experiment  ^  3*67.  There  is  also  a  hy- 
drate with  three  atoms  of  water.  Many  salts  do  not  crystal- 
lize.    The  silver  salt  is  anhydrous. 

Chlorovalerisic  acid  is  formed  when  dry  chlorine  is  passed 
into  valerianic  acid  without  the  aid  of  sunshine :  the  reaction 
is  violent  The  acid  is  semifluid,  transparent,  heavier  than 
water,  inodorous,  burning  taste;  at  — 18^  stili  fluid;  decom- 
posed at  100-120°,  with  (levelopment  of  hydrochloric  acid; 
combines  with  water ;  the  impure  acid  must  therefore  not  be 
washed.     Formula  C*^  H'  Cl^  O*. 

Chlorovalerosic  acid.  Formed  by  passing  chlorine  through 
valerianic  acid  in  the  sunshine :  the  chlorine  is  driven  out  by 
a  stream  of  carbonic  acid.  Semifluid,  inodorous,  burning 
bitter  taste,  heavier  than  water;  not  solid  at  —18^;  decom- 
posed above  150^  With  water  forms  a  hydrate.  Aqueous 
solutions  not  precipitated  by  acid  nitrate  of  silver,  but  the 
solutions  in  alcohol  and  sther  are  after  a  short  time.  For- 
mula C'«H*C1*0*.  Potash  salt  is  similar  to  the  valerianate. 
The  acid  is  decomposed  by  an  excess  of  alkali.  The  silver 
salt  decomposes  in  the  dark;  chloride  of  silver  and  a  peculiar 
body  C*^  H^  Cl»  O*  are  formed.     Formula  of  the  silver  salt 

C*o  H*  CI*  O'.  Ag.  The  oily  hydrate  contains  three  atoms 
of  water.  The  boiling  point  ot  valerianic  acid  varies  with 
the  quantity  of  water  it  contains ;  all  three  acids  form  hy- 
drates widi  three  atoms  of  water,  and  are  herein  similar  to 
the  triacetate  and  triphocenate  of  lead.  By  continued  distil- 
lation of  potatoe-oil  with  nitric  acid  the  valerianic  aldehyd  is 
formed,  also  by  acting  on  it  with  sulphuric  acid  and  chromate 
of  potassa,  or  binoxide  of  manganese.  The  aldehyd  has  the 
formula  O^  H»o  0\ 
Glycerin  treated  with  lime-potassa  in  the  same  manner 
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gave  liydrogen,  and  in  the  residue  formic  and  acetic  acids;  a 
glycerinic  acid  could  not  be  obtained. 

Aceton  is  decomposed  into  carbonic  acid  and  mansh  gas, 
as  Persoz  has  already  stated. 

By  passing  the  vapours  of  aldehyd  over  the  heated  lime-* 

f)otassa,  hydrogen  is  developed,  and  the  residue  contains  a 
arge  proportion  of  acetic  acid,  C^  H«  O^  lose  H  and  takes 
O  =  C*  H^  O' ;  aldehyd  therefore  resembles  the  oil  of  bitter 
almonds. 

Oxalic  aether  treated  with  potash  gives  hydrogen  and  acetic 
and  carbonic  acids;  oxalate  of  potash  and  alcohol  are  first 
formed,  out  of  these  are  produced  carbonate  of  potash,  acetic 
acid,  and  free  hydrogen.  Acetic  tether  gives  h^droeen  and 
acetic  acid ;  benzoic  aether  gives  hydrogen,  benzoic  and  acetic 
acids;  iodide  of  ethyl  gives  iodide  of  potassium  and  olefiant  gas, 

C*H*P-h  k=xC*H*fkP+ HO*.     This  lether  forms 

with  chlorine;   chloride  of  ethyl  and   iodine   is   separated, 

4 

,Q  £  F  is  exactly  similar  to  R  F.     Chloride  of  aethyl  gives 

water,  olefiant  gas,  and  chloride  of  potassium ;  the  vapour 
treated  with  ammonia  gives  chloride  of  ammonium  and  de- 
fiant gas,  O  H*  Cl«  +  N  H»  =  C*  H*  +  N  H*  CI.  Com- 
mon  ffither  gives  carbonic  acid,  marsh  gas,  and  hydrogen ; 
treated  with  chromate  of  potash  and  sulphuric  acid  it  forms 
acetic  acid. 

Acetate  of  maethyKoxide  gives  hydrc^en,  formic  and  acetic 
acids ;  chloride  of  maethyl  gives  hydrogen,  chloride  of  po- 
tassium and  formic  acid,  which  is  afterwards  decomposed. 
C*H3Cl  -h  KO  +  H«0^=  C*H  0»+  KCl  +  H*.  Oxide 
of  msethyl  gives  hydrogen  and  formic  acid.  When  the  va- 
pour of  alcohol  is  passed  over  heated  baryta,  the  following 
decompositions  take  place :  first,  hydrate  of  baryta  and  ole- 
fiant gas  are  formed ;  in  the  second  stage,  the  produced  hy- 
drate decomposes  the  alcohol  into  acetic  acid  and  hydrogen  ; 
and  in  the  third,  the  acetate  of  baryta  forms  carbonate  and 
marsh  gas.  The  gas  eiven  off  contains  olefiant  gas,  marsh 
gas,  and  hydrogen,  and  perhaps  some  carbonic  oxide. 

It  appears,  therefore,  that  several  alcohols  are  capable  of 
producing  their  own  peculiar  acid.  According  to  the  re- 
searches of  the  late  M.  Delalande,  camphor  when  treated  with 

•  I  do  not  know  whether  this  method  of  writing  organic  bodies  is  known 
in  England.  Berzelius  proposes  to  write  the  cart)on  above,  the  hydrogep 
below,  the  nitrogen  in  the  middle;  the  oxygen  to  be  expreiied  by  dotSy  as 

before.    Tartaric  acid  is  ^  f  ,'  Benzoic  |^  Bz,  &c.,  &c.— H.  C. 
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potash  ferms  a  peculiar  acid,  s  camphor  +  water.  C^^H^^O^ 
forms  C^  H»»  O. 

A  tabular  view  of  several  acids,  with  their  hypothetical 
types,  which  here  follow,  we  have  not  thought  necessary  to 
add ;  the  above  short  extract  of  this  very  important  paper  is 
only  an  outline,  those  who  wish  for  more  information  must 
refer  to  the  original  paper. 

The  oil  obtained  by  distilling  the  fresh  plants  of  Ruia 
graveolens  is  yellowish-green,  smells  like  the  plants,  tastes 
bitter  and  aromatic;  sp.  gr.  s=  0*887  at  18^  C.  If  allowed  to 
stand  some  time  over  chloride  of  calcium  and  then  distilled,  it 
boils  at  218^,  and  the  boiling  point  rose  to  245^  The  sp.  gr. 
of  the  colourless  product  varies  from  0*831  to  0*838.  Ra- 
tional formula  C^  H^^  +  O.  Specific  gravity  of  the  vapour 
was  found  to  be  7*892,  ought  to  be  7*690;  therefore  tiie  atom 
is  equal  to  four  volumes.  The  oil  is  soluble  in  sulphuric 
acid,  and  is  precipitated  by  water ;  hydrochloric  acid  gas  has 
no  action;  by  chlorine  and  nitric  acid  it  is  decomposed. 
These  experiments  have  been  made  by  Dr.  H.  Will  in 
Giessen.     (Annalen  der  Pharmacies  xxxv.  235.^ 

Erdmann  has  examined  the  action  of  chlorine  and  bromine 
on  indigo.  The  indigo-blue  used  for  these  experiments  con- 
tained a  little  indigo*red,  which  is,  however,  of  no  consequence. 
Dumas's  formula  for  indigo-blue  is  C*^  H*  N  O*;  Erdmann's 
is  C^^  H*^  N^  O^  When  chlorine  is  passed  into  indigo-blue 
suspended  in  water,  the  blue  colour  changes  to  a  grayish*- 
green,  and  then  to  yellow.  Hydrochloric  acid  remains  in 
solution.  It  is  best  to  efnploy  a  low  temperature.  When 
this  mass  is  distilled  with  water  a  volatile  substance  passes 
over ;  it  is  called  chlorindopten,  or  chloride  of  indopten  ;  it 
is  formed  in  very  minute  quantities;  it  may  be  purified  by 
repeated  distillations  with  water  and  sublimation ;  it  is  then 
obtained  in  the  form  of  fine  needles  of  a  peculiar  unpleasant 
smell;  fuses  to  a  colourless  oil;  i^not  very  volatile;  soluble  in 
hot  water,  but  very  little  in  cold;  soluble  in  alcohol.  Formula 
C»  H*  Cb  O.  It  is,  however,  a  compound  of  two  substances. 
When  heated  with  caustic  potassa  or  its  carbonate  the  dis- 
agreeable smell  disappears,  a  substance  passes  over  similar  in 
appearance  to  chloride  of  indopten,  but  differing  from  it  in 
not  giving  a  sour  solution  with  water.  Erdmann  calls  it 
chlorindatmit(!),  from  ar/x^^.  It  is  formed  in  venr  small  quan- 
tities; its  formula  is  C»*H*Cl3  0^.  The  residfue,  after  di- 
stilling off  the  chlorindatmit,  is  crystalline,  soluble  in  water, 
less  so  in  alcohol ;  it  is  allowed  to  stand  in  the  air  and  then 
extracted  with  alcohol.     Out  of  this  solution  acids  precipitate 
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cbloriDdoptenic  acid.  This  body  has  a  disagreeable  .smell, 
behaves  similar  to  chlorindopteii,  reacts  acidi  gives  with  a  salt 
of  silver  a  voluminous  yellow  precipitate,  wim  lead  a  white 
one.  Formula  of  silver  salt  is  C^^  H*  Cb  •  Ag ;  formula  of 
free  acid  O'H^Cl^O. 

After  the  chloride  of  indopten  has  been  distilled  off,  the 
residue  is  boiled  with  a  large  quantity  of  water,  a  resinous 
matter  remains  behind,  and  the  filtered  solution  depo»ts  a 
a  red  body ;  on  evaporation  more  is  obtained,  but  less  pure. 
This  substance  is  dissolved  in  boiling  alcohol ;  on  cooling, 
reddish-yellow  or  brown  crystals  are  depositee!;   these  are 
chloride  of  isatin,  with  a  little  bichloride  of  isatin  and  resin  : 
by  repeated  crystallizations  it  may  be  obtained  pure.     It  is 
inodorous,  bitter,  may  be  heated  to  J  60°  C.  without  decompo- 
sition, above  that  temperature  it  is  partly  decomposed  and 
partly  sublimed ;  100  parts  of  alcohol  of  0*83  dissolve  0*455 
parts  of  it.     It  is  neutral,  not  altered  by  hydrochloric  or 
sulphuric  acids;  is  decomposed   by  nitric  acid.     Formula 
C'^H^NCIO'.     Treated  with  caustic  potassa  it  is  dissolved 
with  a  yellow  colour;  it  takes  up  an  atom  of  water  and  forms 
chlorisatinic  acid.     The  potash  salt  crystallizes  easily,  is  pu- 
rified by  solution  in  alcohol,  &c.;  the  acid  cannot  be  separated 
when  precipitated  by  an  acid  out  of  the  potash  salt;  it  decom* 
poses  and  forms  chloride  of  isatin,  which  body  may  in  this  man* 
ner  be  obtained  perfectly  pure.     Potash  salt  explodes.    For- 
mula C'«  H^  N  CI  O*. K.    Silver  salt  is  C' H*  N  CI  O*.  Ag. 
There  are  two  salts  with  baryta,  one  with  one  atom  of  wa- 
ter, the  other  with  three.     The  lead  salt  is  at  first  yellow 
and   gelatinous,  but  becomes  flocculent  and  of  a  splendid 
red  colour.      The  copper  salt  is  at  first  yellowish-brown » 
but  becomes  granular  and   blood-red,  &c.,  &c.,  &c.      Bi- 
chloride of  isatin  remains  in  the  alcoholic  solution  out  of 
which  the  chloride  has  been  obtained  ;  out  of  this  it  may  be 
obtained :  of  course  the  latter  crystallizations  are  the  freest 
from  the  protochloride.     These  two  bodies  are  extremely 
similar ;  the  bichloride  differs  from  the  other  in  being  more 
soluble  in  alcohol,  and  the  bichlorisatinate  of  potash  gives 
with  lead  salts  a  yellow  precipitate,  which  does  not  become 
red  like  the  chlorisatinate.     Bichloride  of  isatin  is,  when  oh* 
tained  from  its  aqueous  solution,  a  vellowish-red  granular 
powder;  out  of  alcohol  it  crystallizes  ni  red  shining  needles 
and  tables ;  sometimes  four-sided  prisms  may  be  recognised ; 
it  may  be  partlv  sublimed,  but  the  greater  part  is  decom- 
posed ;  more  soluble  in  water  than  the  protochloride.     100 
parts  alcohol  of  0*83  dissolve  at  14^  8*40  parts.     Formula 
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CwH*NCl*0^  Treated  with  potash  it  forms  a  bichlori- 
satinic  acid,  which  may  be  precipitated  from  its  solution  in 
potash  by  means  of  an  acid,  in  form  of  a  yellow  powder ; 
this  acid  is  tolerably  soluble  in  water;  it  is  easily  decomposed  ; 
its  aqueous  solution  decomposes  at  60%  or  even  in  the  cold ; 
it  contains  one  atom  water  of  crvstallization.  {Journal  Jur 
Praktisehe  Chemie.  Erdmann  and  Marchand,  xix.  S21). 
The  potash  salt  crystallizes  in  needles  and  leaves.     For« 

inula  O^  H^  N  Cl«  0« .  K ;  the  crystallized  salt  contains  two 
atoms  of  water.  The  baryta  salt  crystallizes  in  the  same  form, 
and  contains  two  atoms  of  water.  The  copper  salt  is  at  first  of 
the  colour  of  hydrated  oxide  of  iron,  but  becomes  carmine  red 
and  granular;  when  pressed  assumes  a  golden  lustre.  The 
silver  salt  is  partly  soluble  in  water,  and  may  be  crystallized ; 
it  is  anhydrous. 

The  more  of  the  resinous  substance  is  formed  the  more 
chloride  of  indopten  is  produced ;  it  is  not  formed  by  the 
action  of  chlorine  on  the  proto-  or  bichloride  of  isatin. 
The  resin  examined  was  not  quite  pure,  for  the  product 
formed  by  the  action  of  chlorine  on  indigo-red  was  always 
mixed  witn  it ;  it  is  obtained  in  small  quantities.  The  for-* 
mula  appears  to  be  C'^  W  Cb  N*  O^,  or  C^oH»«  CI*  N  0»o. 

It  is  probable  that  the  ammonia  resin^  and  chloride  of 
indopten  are  unimportant  and  variable  products. 

By  the  action  qf  bromine  similar  substances  are  produced^ 
bromide  of  indopten;  and  by  potassa,  bromindatmit  and  bro^ 
mindoptenic  acid.  They  have  apparently  the  same  formula  as 
the  chlorine  compounds ;  also  bromide  of  isatin  and  bromi- 
satinic  acid,  bibromide  of  isatin  and  bibromisatinic  acid:  they 
have  the  same  composition,  and  are  in  other  respects  very 
similar  to  the  chlorine  compounds. 

In  a  second  paper  Professor  Erdmann  proinises  to  make 
known  the  action  of  certain  reagents  on  the  bodies  described 
above. 

Formic  asther  may  be  prepared,  according  to  Wcehler,  by 
distilling  a  mixture  of  ten  parts  of  starch,  Uiirty-seven  parts 
finely  powdered  binoxide  of  manganese,  thirty  parts  or  sul- 
phuric acid,  fifteen  parts  of  water»  and  fifteen  of  mere  a!« 
cohoL  In  the  product  of  the  distillation  chloride  of  calcium 
is  dissolved,  and  the  sBther  distilled  off  in  a  water  bath ; 
from  the  solution  of  chloride  of  calcium  in  the  aether,  small 
yellow  crystals  are  sometimes  deposited :  they  have  not  been 
further  examined.  {AnnaUn  der  Chemie  und  Pharmacie,  xxxv. 
238.) 

PAil.  Mag.  S.  9.  Vol.  18.  No.  116.  March  1841.     P 
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According  to  Woehler  telluret  of  ethyl  may  be  formed  by 
distilling  baryto-sulphate  of  ethyl  oxide  (sulphovinate  of  ba- 
ryta) with  telluret  of  sodium;  the  telluret,  as  obtained  by 
fusing  tellurium  or  telluret  of  bismuth  with  carbonate  of  soda 
and  charcoal,  is  thrown  into  the  baryta  solution  in  a  solid 
state.  {PoggendorjPs  AnnaUn^  !•  404.) 

The  aether  is  a  yellowish-red  fluid,  like  bromine,  heavier 
than  water,  in  which  it  is  but  little  soluble ;  has  a  strong  dis- 
agreeable smell,  similar  to  sulphuret  of  ethyl  and  to  tellu- 
retted  hydrogen;  appears  to  be  poisonous;  boib  under  lOO*; 
inflammable,  burns  with  a  white  flame  with  blue  margin^  in 
the  air  changes  into  tellurous  acid.  When  acted  on  by  the  ni* 
trie  and  hydrochloric  acids,  an  oily  body  is  formed:  contains 
68*75  per  cent*  tellurium;  it  should  contain  68*53.  For- 
mula C*  H  Te. 

Mylius  has  found  that  Helix pomatia^nemoralis  nxidhortensis 
(but  no  species  ofLimtK^a  or  Planarbis)  contain  pure  uric  acid 
in  a  free  state;  it  occurs  in  a  glandular  organ  situated  immedi- 
ately beneath  the  shell, — which  is  therefore  without  doubt  the 
urinary  vesicle,—* secreted  in  a  solid  form,  so  that  it  shines 
through  the  covering  membrane.  To  obtain  it,  it  is  merely  ne- 
cessary to  cut  open  the  organ  and  squeeze  out  the  white  paste 
into  a  glass.  When  a  sufiicient  quantity  has  been  collected,  it  is 
shaken  frequently  with  water,  by  which  the  slime  is  suspended 
and  can  be  poured  off,  while  the  uric  acid  is  deposited  at  the 
bottom  of  the  vessel.  This  simple  and  mechanical  operation 
suffices  to  obtain  a  perfectly  pure  product :  it  has  a  puWe- 
rescent  appearance,  and  contains  no  crystalline  particles.  The 
quantity  obtained  from  each  garden  snail  amounts  to  about 
one  and  three-quarter  grains.  {Journal Jur  praktiscke  Chenue^ 
XX.  p.  509.) 

Brucin  is  considered  by  Dr.  Fuss  of  Schonebeck  to  be 
merely  a  mixture  of  strychnia  with  a  resin,  from  which  it 
may  be  separated  by  a  peculiar  method.  Erdmann  has  made 
some  experiments  with  the  products  obtained  by  Dr.  Fuss. 
{Jotirnat fur  praktische  Chemiej  xix.  510.) 

For  preparing  the  chlorate  of  barytes,  Duflos  dissolves 
thirteen  and  a  half  parts  of  chlorate  of  soda  in  double  the 
quantity  of  water,  to  which  he  adds  a  solution  of  ten  parts  of 
tartaric  acid  in  as  much  water,  and  pours  the  whole  into  a 
glass  containing  a  double  volume  of  alcohol.  It  is  then  left 
to  stand  for  twenty-four  hours,  filtered,  the  acid  liquid  neu- 
tralized with  pure  carbonate  of  barytes,  which  has  been  pre- 
viously mixea  with  water  to  a  milk,  the  spirit  left  to  evapo- 
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rate,  then  filtrated  anew  and  evaporated  to  crystallization. 
The  precipitate  effected  by  the  alcohol  is  the  bitartrate  of 
soda,  which  may  again  be  employed  for  preparing  chlorate 
of  soda  by  adding  it  to  a  hot  solution  of  sixteen  parts  of 
chlorate  of  potash  in  four  times  the  quantity  of  water,  leaving 
the  mixture  to  cool,  filtrating  and  evaporating  the  solution  to 
forty  parts.     {Arch,  der  Pharm.^  xxiii.  p.  S06.) 

After  continued  rain,  a  heap  of  coals  which  lay  exposed  to 
the  weather  was  observed  to  smoke,  and  to  be  on  fire  in  the 
interior ;  when  separated  it  was  found  in  the  middle  to  be  in 
fall  combustion.  In  the  neighbourhood  of  this  part  the  coals 
were  half-roasted,  forming  an  almost  compact  mass,  and  be- 
tween them  was  found  a  bright  yellow,  soft,  saltlike  substance. 
This  proved  on  examination  to  be  sulphate  of  magnesia ;  the 
ashes  of  coals  contain  magnesia,  the  burning  pyrites  afforded 
the  sulphuric  acid.  Dr.  Mohr  compares  it  to  the  formation 
of  cyanide  of  potassium  at  the  Clyde  iron-works*.  How  the 
sulphate  of  magnesia  became  collected  into  masses  is  not  so 
easily  explained.     {Annalen  der  Pharmacies  xxxv.  239.) 

Kersten  has  employed  with  advantage  a  mixture  of  hydro- 
chloric acid  and  finely  powdered  chlorate  of  potash,  added  in 
small  portions,  as  proposed  by  Berzelius  for  oxidizing  and 
dissolving  metals  and  metallic  sulphurets,  even  for  the  ana- 
lyais  of  the  native  metallic  sulphurets,  the'  sulphur  being 
quickly  and  easily  converted  into  sulphuric  acid.  M.  Ker- 
sten, moreover,  observed  that  finely  powdered  iron  pyrites 
was  perfectly  decomposed  by  boiling  with  chlorate  of  potash, 
without  any  addition  of  acid,  the  sulphur  being  converted  into 
sulphuric  acid,  and  the  iron  remaining  undissolved  in  the 
form  of  peroxide.     {Berzeliu^s  Jahresfmicht^  xix.  p.  288.) 

The  difficulty  of  obtaining  the  hyposulphite  of  soda  in  j?ood 
crystals,  according  to  the  usual  methods,  has  induced  C.  F. 
Capaun  to  make  known  the  following  modified  plan,  by 
which  in  the  shortest  time  considerable  quantities  of  the 
salt  can  be  prepared,  and  of  a  kind  which  leaves  nothing 
further  to  be  desired.  A  solution  of  caustic  soda  is  boiled  with 
sulphur  so  long  as  any  of  this  is  dissolved,  the  liquid  poured 
from  the  undissolved  sulphur  put  aside  to  cool,  and  then  a 
current  of  sulphurous  acid  gas  passed  through  it,  until  a  test 
filtered  from  the  separated  sulphur  has  still  a  wine-yellow  co- 
lours-it contains  therefore  still  undecomposed  sulphuret  of 
sodium, — and  by  no  means  appears  colourless.  The  liquid 
is  now  filtered  and  evaporated  in  a  porcelain  basin  over  a 

[•  Deseribed  by  Or.  Clark  in  L.  «c  E.  Phil.  Mag.  vol.  x.  p.  329.— Edit.] 
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quick  fire  to  the  consistency  of  a  syrup.  Although  daring 
evaporation  the  atmospheric  air  is  not  excluded,  there  is  no 
fear  of  the  hyposulphite  of  soda  being  more  highly  oxidized, 
as  the  oxygen  of  the  atmosphere  must  first  exert  its  oxidizing 
action  on  the  sulphuret  of  sodium.     The  lic^uid  thus  eva- 

f)orated  is  filtered,  if  necessary,  and  mixed  with  half  its  vo- 
ume  of  alcohol  and  well  shaken ;  in  a  few  minutes  the  liquid 
separates  into  two  layers ;  the  upper  or  alcoholic  one,  which 
has  taken  up  all  the  sulphuret,  is  of  a  gold-yellow  colour,  the 
lower  one  containing  the  hyposulphite  of  soda  dissolved  in 
water,  colourless.  The  vessel  is  now  placed  aside,  that  the 
hyposulphite  may  crystallize  under  the  covering  of  the  alco- 
holic solution  of  the  sulphuret,  which  happens  in  the  course 
of  twelve  hours.  The  crystals  obtained,  when  quantities  not 
too  small  have  been  operated  with,  are  of  considerable  size, 
and  without  any  yellow  tinge ;  and  when  dissolved  in  water 
and  treated  witn  an  acid,  &t  fall  a  considerable  quantity  of 
sulphur  with  disengagement  of  sulphurous  acid.  {Journal 
fur praktische  Chemie^  xxi.  pp.  310-SlS.) 

Marchand  prepares  the  dioxide  of  copper  in  the  following 
manner :  very  thick  wires  of  pure  Russian  copper  were  brought 
in  a  Gay-Lussac's  furnace  immediately  to  a  violent  white  beat, 
which  having  continued  half  an  hour,  was  diminished  to  a  dark 
red  heat :  the  oxide  was  taken  out  after  some  hours ;  it  formed 
black  crystalline  masses,  which  were  in  part  hollow,*  and  gave 
a  beautihil  purple-red  powder.  In  the  greater  part  there  was 
still  metallic  wire  inside,  around  which  the  dioxide  had  ar- 
ranged itself  in  a  crystalline  state.  Another  time  the  dark 
red  heat  was  maintained  during  eight  or  nine  hours.  Both 
products  were  reduced  by  hydrogen ;  the  first  portion  con^ 
tained  88*6  copper  and  11*4  oxygen,  the  second  88*65  Cn. 
and  11*35  O.  {Journal  fur  prakitsche  Chemie^  xx.  p.  505.) 
[To  be  continued.] 


XXXIX.   Proceedings  of  Learned  Societies* 

&£OLOGICAL  SOCIETY. 
[Continued  from  vol.  xvii.  p.  64£.] 
Feb.  26, 1840.  A  PAPER  was  then  read,  "  On  the  characters  of  the 
{Continued,)  '^^  fossil  trees  lately  discovered  near  Manchester,  on 
the  line  of  the  Manchester  and  Bolton  railway ;  and  on  the  forma- 
tion of  Coal  by  gradual  subsidence ;"  by  John  Eddowes  Bowman, 
Esq.,  F.L.S.,  communicated  by  the  President. 

llie  paper  commences  with  a  few  preliminary  remarks  on  the 
theory  of  repeated  subsidences  of  the  land  during  the  carboniferous 
iera;  and  on  the  drift  theory,  the  author  being  of  opinion  that  the 
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former  recdves  much  support  from  the  phsenomena  presented  by 
the  fossil  trees  found  near  Manchester,  and  that  it  affords  in  return 
great  assistance  in  explaining  the  peculiarities  of  their  position. 
Mr.  Bowman  does  not  deny  that  plants  may  have  been  carried  into 
the  water  from  neighbouring  lands,  as  in  the  instances  of  fern-fronds 
and  other  remains  scattered  through  the  sandstones  and  shales ;  but 
he  conceives  it  is  difficult  to  understand  whence  the  vast  masses  of 
Tegetables  necessary  to  form  thick  seams  of  coal  could  have  been 
derived,  if  drifted';  and  how  they  could  have  been  sunk  to  the  hot* 
torn,  without  being  intermixed  with  the  eartliy  sediment  which  was 
slowly  d^>08ited  upon  them.  He  is  of  opinion  also,  that  without  a 
superincumbent  layer  of  mud  or  sand,  to  retain  the  hydrogen  during 
the  process  of  bituminization,  ordinary  caking  coal  could  not  have 
been  formed.  Another  difficulty,  connected  with  the  drift  theory, 
Mr.  Bowman  says,  is  the  uniformity  of  the  distribution  of  the  vege- 
table matter,  throughout  such  great  areas  as  those  occupied  by  the 
seams  of  coal,  extending  in  the  instance  of  the  lower  main  seam  of 
the  great  northern  coal  field,  over  at  least  200  square  miles ;  and  in 
that  of  a  thin  seam  below  the  gannister,  or  rabbit  coal,  in  a  linear 
direction  of  thirty-five  miles  from  Whaley  Bridge  to  Blackburn. 
On  the  contrary,  he  believes,  that  it  is  much  more  rational  to  sup« 
pose,  that  the  coal  has  been  formed  from  plants,  which  grew  on  the 
areas  now  occupied  by  the  seams, — that  each  successive  race  of 
T^petation  was  gradually  submerged  beneath  the  level  of  the  water, 
and  covered  up  by  sediment,  which  accumulated  till  it  formed  an- 
other dry  surfisLce  for  the  growth  of  another  series  of  trees  and  plants, — 
and  that  these  submergences  and  accumulations  took  place  as  many 
times  as  there  are  seams  of  coal.  He  also  explains  the  thinning 
out  of  the  seams  and  other  strata  of  the  coal  measures,  by  irregu- 
larities in  the  mode  or  extent  of  the  depressions. 

Mr.  Bowman  then  proceeds  to  the  examination  of  the  phsenomena 
presented  by  the  fossil  trees  discovered  on  the  line  of  the  Manchester 
and  Bolton  railway,  and  described  by  Mr.  Hawkshaw  in  his  paper 
read  on  the  5th  of  June,  1839,  (see  L.  &  E.  Phil.  Mag.vol.xv.p.539.) 
and  in  the  preceding  communication  (see  vol.  xvii.  p.  541.):  it  will 
be  necessary  to  notice  therefore  only  those  points  which  did  not 
claim  that  gentleman's  more  particular  attention.  Mr.  Hawkshaw 
describes  generally  the  markings  on  the  internal  casts  of  the  trees ; 
but  as  it  is  difficult  to  convey  a  correct  notion  of  their  waved  and 
anastomosing  characters  either  verbally  or  by  reduced  drawings,  Mr. 
Bowman  applied  paper  to  the  surface  of  the  stems  and  carefully 
traced  the  grooves  or  furrows  by  following  them  exactly  with  an  in- 
strument. The  only  indications  of  scars,  which  he  could  find  after  a 
long  and  close  search,  were  at  one  point  near  the  base  of  the  largest 
tree,  and  though  indistinct,  his  practised  eye  recognized  them  to  be 
those  of  a  SigUlaria.  He  detected  also  in  some  parts,  on  the  ribs 
of  the  same  tree,  the  fine  wavy  Hues  so  often  visible  on  decorticated 
^edmens  of  that  family.  In  describing  the  second  tree,  he  alludes 
to  a  deep  wedge-shaped  rift  on  the  south-east  side,  which  had  been 
coated  with  coal,  and  is  strongly  marked  with  wavy  lines,  like  those 
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on  the  surface  of  the  alburnum  of  a  gnarled  oak.  On  the  fifth  tree, 
he  discovered  a  longitudinal  concavity  on  the  north  side,  and  he 
states  that  it  resembles  the  impression  which  would  be  left  in  a  di- 
cotyledonous tree,  by  the  pressure  of  a  parasitic  plant.  The  charac- 
ters of  the  roots  are  also  detailed  at  considerable  length,  particularly 
their  mode  of  bifurcation,  and  position  with  respect  to  the  horizon. 

From  a  careful  consideration  of  the  phssnomena  presented  by  the 
fossils,  Mr.  Bowman  is  convinced  that  ^ey  stand  where  they  origin- 
ally flourished ;  that  they  were  not  succulent,  but  dicotyledonous, 
hard- wooded  forest  trees ;  and  that  their  gigantic  roots  were  mani- 
festly adapted  for  taking  firm  hold  of  the  soil,  and  in  oonjunction 
with  the  swollen  base  of  the  trunks  to  support  a  solid  tree  of  large 
dimensions  with  a  spreading  top. 

Towards  the  close  of  1838,  in  forming  the  railway  tunnel  at  Clay- 
cross,  five  miles  south  of  Chesterfield,  a  number  of  fossil  trees  were 
found,  standing  ftt  right  angles  to  the  plane  of  the  strata.  The  tunnel 
passes  through  the  middle  portion  of  the  Derbyshire  coal  measures, 
which  there  dip  about  8^  to  a  little  north  of  east.  The  bases  of  the 
trees  rested  upon  a  seam  of  coal  fifteen  inches  thick.  The  exterior 
of  the  stems  consisted  of  a  thin  film  of  bright  coal,  fuirowed  and 
marked  like  the  Sigiilaria  rentformU  ;  and  the  interior  consisted  of  a 
fine-grained  sandstone.  Mr.  Conway,  who  supplied  Mr.  Bowman 
with  an  account  of  the  discovery,  infers,  from  the  information  which 
he  obtained,  that  there  must  have  been  at  least  forty  trees  found, 
and  judging  by  the  area  excavated,  he  is  of  opinion  that  they  could 
not  have  stood  more  than  three  or  four  feet  apart.  There  were  no 
traces  of  roots,  the  stems  disappearing  at  the  point  of  contact  with 
the  coal.  Several  specimens  of  Stigmariafiooides  were  also  notioed 
by  Mr.  Conway,  lying  horizontally,  and  about  three  feet  in  lengtih. 

With  reference  to  fossil  trees  in  general,  and  especially  to  those 
near  Manchester,  Mr.  Bowman  proceeds  to  show  still  further ;  Ist, 
that  they  were  solid,  hard- wooded,  timber  trees,  in  opposition  to  the 
common  opinion  that  they  were  soft  or  hollow  ;  2nd,  that  they  ori- 
ginally grew  and  died  where  they  have  been  found,  and  consequently 
were  not  drifted  from  distant  lands ;  and,  Srd,  that  they  became  hol- 
low, by  the  decay  of  their  wood,  from  natural  causes,  similar  to  those 
still  in  operation  in  tropical  climates,  and  were  afterwards  filled  with 
inorganic  matter,  precipitated  from  water. 

1 .  In  statmg  his  reasons  for  believing  that  the  coal  measures'  casts 
were  solid  timber  trees,  Mr.  Bowman  alludes  to  the  rifting  of  the 
bark  of  modem  forest  trees,  in  consequence  of  the  expansion  caused 
by  the  annual  addition  of  a  layer  of  wood  between  the  bark  and  the 
alburnum ;  and  to  the  thickening  or  swelling  of  the  base  of  the  trunk 
and  main  roots,  and  the  apparent  lifting  up  of  the  hitter  out  of  the 
soil,  in  old  trees,  by  the  greater  annual  increase  of  the  upper  part  or 
that  nearest  to  light  and  heat.  These  phsenomena  in  vegetation  were 
illustrated  by  a  diagram,  which  exhibited  the  form  of  the  base  of  the 
stem  and  the  root  of  a  sapling,  and  of  a  full-grown  tree.  The  author, 
in  applying  these  characters  to  the  fossils  of  the  Manchester  and 
Bolton  railway,  alludes  to  the  irregular,  longitudinal  and  diaoonti- 
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niious  or  anaBtomosing  furrows  on  their  surface,  to  the  swelling  out  at 
the  base  of  their  stems,  and  to  the  divergence  as  well  as  the  angle 
of  dip  or  downward  direction  of  their  roots.  These  characters,  he 
says,  are  not  observable  in  soft  monocotyledonous  trees,  their  stems 
never  expanding  lateraUy,  and  being  as  thick  when  only  a  few  years 
old  and  a  foot  high,  as  when  they  attain  the  height  of  60  or  100  feet. 
Their  roots  also,  instead  of  being  massive  and  forking,  generally  pre- 
sent a  dense  assemblage  of  straight  succulent  fibres,  like  those  of  an 
onion  or  hyacinth.  Analogy,  therefore,  as  far  as  outward  shape  and 
habit  are  concerned,  he  adds,  is  strongly  in  favour  of  the  fossils 
having  been  solid  timber  trees. 

Mr.  Bowman  then  combats  the  view,  generaUy  entertained,  that 
fossil  stems  with  perpendicular  furrows,  as  in  the  Sigillaria,  were 
succulent  or  hollow  plants*.  He  states,  that  good  specimens  of  de- 
corticated Sigillarise  exhibit  fine  straight,  and  curled  or  gnarled  stri», 
similar  to  those  on  the  alburnum  of  many  modem  forest  trees ;  and 
that  tliis  character,  in  conjunction  with  others,  renders  it  almost  cer- 
tain, that  the  fossils  had  a  separate  bark, — a  feature  which  is  consi- 
dered in  vegetable  physiology  to  be  a  proof  of  a  woody  structure. 
He  also  alludes  to  the  existence  in  many  of  the  decorticated  parts  of 
these  fossil  trees  of  little  prominences  like  those  in  barked  timber; 
likewise  to  the  scars  left  by  the  disarticulation  of  leaves ;  and  he  ac- 
counts for  the  general  absence  of  the  latter  on  large  and  old  trunks,  by 
their  having  been  obliterated,  in  consequence  of  irregular  expansion 
from  the  deposition  of  new  layers  of  wood :  he  notices  moreover  the 
absence  in  small  Sigillarise  of  the  irregular  furrows  observed  on  large 
specimens,  and  due  in  his  opinion  to  the  unequal  expansion  by  £e 
addition  of  new  layers  of  wood.  In  support  of  these  proofs  6i  the 
original  solid  nature  of  the  trees,  Mr.  Bowman  exhibited  polished 
slices  mounted  upon  glass  of  portiona  of  a  similar  fossil  tree  dis- 
covered in  sinking  a  shaft  300  or  400  yards  N.W.  of  those  found  on 
the  line  of  the  railway.  The  slices  were  made  from  a  portion  which  ex- 
hibited within  the  carbonized  bark,  a  patch  browner,  heavier,  and  more 
compact  than  the  rest.  In  these  slices,  made  under  Mr.  R.  Brown's 
direction,  that  gentlenmn  discovered  in  the  transverse  section,  the 
uniformity  of  vascularity  which  is  evidence  of  coniferous  structure ; 
and  in  the  longitudinal  section  parallel  to  the  medullary  fays,  the  ex- 
utence  of  these  rays.  The  slices  therefore  exhibit  proofe  of  dico- 
tyledonous structure,  and  considerable  probability  of  that  structure 
being  coniferous.  The  important  evidence  however  of  coniferous 
structure  deducible  from  discs  in  sections  parallel  to  the  rays,  was  not 
obtained,  the  vessels  having  apparently  undergone  some  altera- 
tion. 

2.  With  respect  to  the  second  point,  that  the  trees  grew  and  died 

*  Specimens  of  recent  dicotyledonous  wood  from  New  Zealand,  lent  to 
the  author  by  Mr.  R.  Brown,  were  exhibited  on  the  table  of  the  Meeting 
Room.  They  displayed  both  upon  the  bark  and  the  naked  wood,  longitu- 
dinal ribs  and  intermediate  furrows  as  regular  as  those  on  Sipillarise ;  and 
therefore  prove  that  these  characters  are  not  incompatible  with  a  dicotyle- 
donous structure. 
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on  the  spots  where  they  are  now  found,  and  that  they  were  not  drifbed 
from  distant  lands,  Mr.  Bowman  says,  the  arguments  in  fkyoor  of 
the  formation  of  beds  of  coal  by  a  series  of  subsidences  of  the  sur- 
face on  which  the  vegetables  that  produced  the  coal  grew,  naturally 
lead  to  the  inference  that  the  trees  associated  wi^  the  coal  also 
Nourished  on  the  same  spots.  In  opposition  to  the  opinion  that  trees 
would  naturally  float  in  an  upright  position  in  consequence  of  the 
greater  specific  gravity  of  the  base  and  roots,  he  asserts,  that  the 
trees  would  maintain  that  position  only  as  long  as  they  floated,  and 
that  they  would  fall  and  lie  prostrate  when  grounded  on  shofils  or 
cast  ashore.  He  agrees  with  Mr.  Hawkshaw  in  the  opinion,  that 
it  is  more  diflSlcult  to  account  for  a  number  of  great  trunks  being  de- 
posited in  the  position  of  the  fossils  in  the  Manchester  railway,  tiian 
to  imagine  that  they  grew  on  the  surface  of  the  bed  on  which  they 
now  stand.  Their  position  on  a  bed  of  coal  is  another  proof,  Mr. 
Bowman  conceives,  that  the  trees  were  not  drifted,  for  if  they  had 
been  transported  by  currents  of  water  they  might  equally  have  been 
imbedded  in  the  aJtemating  shales  or  sandstones.  If  beds  of  coal 
are  the  accumulated  remains  of  many  generations  of  a  luxuriant  ▼€- 
getation,  the  rich  compost  thus  formed,  Mr.  Bowman  argues,  would 
be  well  suited  for  the  growth  of  trees.  Again,  the  angle  at  which 
the  roots  of  the  fossil  trees,  particularly  of  that  distinguished  by  him 
as  No.  2,  dip  towards  the  bed  of  coal,  is  considered  by  the  author 
evidence  of  the  trees  being  in  their  ori^al  position,  because,  had 
they  been  drifted,  the  roots  would  have  been  bent  upwards,  by  the 
downward  pressure  of  the  trunk,  when  the  water  had  left  them. 
The  appearance  of  the  roots  being  cut  off,  where  in  contact  with 
the  cosd,  he  is  of  opinion,  may  be  explained  by  the  fermentative 
process  having  dissolved  the  vegetable  texture  below  the  suifiace. 
The  stems  and  upper  portions  of  the  roots  standing  above  the  coal, 
he  explains  by  reference  to  similar  phsenomena  in  peat  marsheB,  in 
which  the  bases  of  the  trunks  of  ancient  forest  trees  stand  witii  the 
roots  exposed,  owing  to  the  shrinking  of  the  surrounding  peat. 

3.  In  discussing  the  third  point,  that  the  trees  became  hollow 
from  the  decay  of  their  wood,  and  were  filled  with  sedimentary 
matter  after  their  immersion,  Mr.  Bowman  refers  to  the  facts  re* 
corded  in  the  preceding  paper  by  Mr.  Hawkshaw  (see  vol.xvii.  p.  54 1 ); 
and  in  confirmation  of  them  states,  that  Mr.  Schomburgk  during  his 
four  years'  travels  in  Surinam  repeatedly  observed  similar  phsmo- 
mena.  Mr.  Bowman  then  proceeds  to  explain  the  processes  by  which 
he  conceives  the  fossil  trees  were  gradusdly  submerged — ^their  upper 
branches  torn  off^ — ^their  interior  removed  by  natural  decay, — ^their 
bark  converted  into  coal, — their  central  cavities  filled  with  sedimoent; 
and  the  whole  buried  beneath  the  stratum  of  shale  or  sandstone  in 
which  the  trees  were  discovered.  He  afterwards  applies  the  phse- 
nomena which  he  believes  these  processes  produced  to  the  condition 
and  position  of  the  trees  and  the  arrangement  of  the  surroxmding 
sedimentary  matter.  The  author  then  enters  into  the  inquiries,  Ist, 
the  time  which  the  trees  may  have  required  to  attain  their  dinaen- 
sions ;  and  consequently  the  minimum  of  years  requisite  for  the  accu« 
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mulation  of  the  vegetable  matter ;  and,  2ndly,  what  thickness  of 
vegetable  matter  was  necessary  to  form  the  stratum  of  coal  nine 
inches  thick,  over  which  the  trees  stand.  Mr.  Schomburgk  is  of 
opinion  that  a  dicotyledonous  tree  which  would  require  in  temperate 
climates  one  hundred  years  to  attain  a  certain  diameter,  would  arrive 
at  the  same  dimensions  within  the  tropics  in  «ixty  or  eighty  years. 
The  largest  of  the  fossil  trees  forming  the  immediate  subject  of  the 
paper  is  equal  in  circumference  to  an  oak  of  130  years  growth  in 
this  climate,  or  about  100  for  a  climate  equal  in  temperature  to  that 
of  the  tropics.  Allowing  therefore  that  some  time  elapsed  after  the 
commencement  of  vegetation  on  the  surface  of  the  then  dry  land 
before  the  trees  began  to  grow,  Mr.  Bowman  infers,  that  100  years 
must  be  the  minimum  of  time  which  would  be  required  for  the 
production  of  the  vegetable  matter  out  of  which  the  nine  inches  of 
coal  were  produced.  With  respect  to  the  depth  of  the  stratum  of 
vegetable  matter  from  which  it  was  formed,  Mr.  Bowman  takes  for 
hia  data,  the  thickness  of  the  bed  of  coal,  nine  inches ;  the  distance 
between  the  top  of  the  seam  and  the  bottom  of  the  trunk  under  the 
arch  formed  by  the  roots,  fifteen  inches ;  and  for  the  distance  to  the 
aur^e  of  the  ground,  four  inches,  or  in  all  twenty- eight  inches ; 
whereby  he  infers  that  the  thickness  of  the  solid  coal  is  equal  to  about 
one-thkd  that  of  the  vegetable  matter  out  of  which  it  was  produced. 

A  paper  was  lastly  read,  "  On  the  character  of  the  beds  of  clay  ly« 
ing  immediately  below  the  coal  seams  of  South  Wales ;  and  on  the 
occurrence  of  coal-boulders  in  the  Pennant  grit  of  that  district  ;*'  by 
William  Edmond  Logan,  Esq.,  F.G.S. 

Immediately  below  every  regular  seam  of  coal,  in  South  Wales, 
(and  nearly  100  are  known  to  exist)  is  constantly  found  abed  of  clay, 
var3ring  in  thickness  from  six  inches  to  more  than  ten  feet,  and  called 
the  underday,  underdiff,  understone,  pouncer,  or  bottom  stone.  It 
is  so  well  known  to  the  collier,  that  he  considers  it  an  essential  ac  * 
companiment  of  the  coal ;  and  only  where  it  ceases,  does  he  give  up 
hia  expectation  of  finding  coal.  Seams  which  have  thinned  out  in 
one  portion  of  a  work,  have  been  recovered  in  another  by  following 
this  bed. 

The  underclay  is  always  more  or  less  argillaceous,  but  it  is  never 
without  a  considerable  admixture  of  sand ;  and  in  most  cases  it  yields 
a  very  good  fire-clay ;  which,  though  generally  tough  when  freshly 
cut,  yet  crumbles  on  exposure  into  a  mass  of  a  grey  colour.  Oc- 
casionally it  is  quite  black,  in  consequence  of  the  presence  of  carbo- 
naceous matter,  and  it  then  sometimes  resists  the  effects  of  the 
weather.  Under  a  part  of  the  lowest  seams  of  coal  between  Swan- 
sea and  the  Bury  river,  it  is  a  hard,  durable,  finely  grained,  siliceous 
stone.  It  is  however  by  containing  innumerable  specimens  of  Stig^ 
mittia  ficoides,  that  these  beds  are  most  strongly  marked,  other 
portions  of  the  coal  measures  presenting  the  same  mineral  composi- 
tion. The  stems  of  the  Stigmaria,  which  are  usually  of  considerable 
length,  always  lie  parallel  to  the  plane  of  the  bed,  and  nearer  to 
the  top  than  the  bottom ;  and  they  are  occasionally  compressed,  their 
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diameter  varying  from  two  to  six  inches.  Their  long  slender  pro- 
cesses, covered  with  a  pellicle  of  carbonaceous  matter,  form  an  en- 
tangled mass,  and  traverse  the  beds  in  every  direction,  vertically, 
horizontally,  and  obliquely ;  but  Mr.  Logan  has  never  been  able  to 
trace  them  to  their  termination,  though  he  has  followed  single  pro- 
cesses for  considerable  distances.  Portions  of  the  stem  of  the  Sdg- 
maria  are  found  in  other  parts  of  the  coal  measures,  but  it  is  only 
in  the  underclay  that  the  fibrous  processes  are  attached  to  the  ston 
or  associated  wi^  it.  Mr.  Logan,  however,  states,  that  if  sudi 
specimens  exist  in  other  strata,  they  are  not  so  likely  to  be  ex* 
posed,  as  those  beds  are  less  worked  than  the  underclay. 

In  some  instances,  the  Stigmaria,  with  its  processes,  is  found 
equally  abundant  in  the  roof  as  in  the  floor  of  a  coal  pit,  but  ia 
such  cases  the  roof  has  been  ascertained  to  be  the  undeitlay  of  an 
immediately  overlying  bed  of  coal. 

Mr.  Logan  then  quotes  at  length,  Steinhauer's  account  of  the 
Stigmaria,  as  it  gives  the  best  explanation  he  has  seen  of  the  ex- 
ternal botanical  character  of  the  plant,  as  well  as  of  its  position  in 
the  beds  in  which  it  occurs ;  the  only  point  in  which  his  experience 
induces  him  to  differ  from  Steinhauer,  being  the  vertical  extent  to 
which  the  fibres  range.  Mr.  Logan  has  never  traced  them  in  that 
direction  more  than  seven  or  eight  feet  from  the  stem,  though  he 
admits  they  may  have  an  horizontal  range  of  twenty  or  more  feet. 
(American  Phil.  Trans.  New  Series,  vol.  i.  p.  265,  1818.) 

When  it  is  considered,  that  over  so  considerable  an  area  as  the 
ooal  field  of  South  Wales,  not  a  seam  has  been  discovered  without 
an  underclay,  abounding  in  Stigmaria,  Mr.  Logan  says,  it  is  impos- 
sible to  avoid  the  inference,  that  there  is  some  essential  and  neces- 
sary connexion  between  the  existence  of  the  Stigmaria  and  the  pro- 
duction of  the  coal.  To  account  for  their  unfaihng  combination  by 
drift,  seems  to  him  unsatLsfactory ;  but  whatever  may  be  the  mu- 
tual dependence  of  the  phenomena,  he  is  of  6pinion,  that  it  atfords 
reasonable  grounds  to  suppose,  that  the  Stigmaria  ficoides  is  the 
plant  to  which  may  be  mainly  ascribed  the  vast  stores  of  fossil  fuel. 

In  the  second  part  of  the  paper,  Mr.  Logan  gives  an  account  of 
boulders  or  rounded  fragments  of  coal,  contained  in  the  coal  mea- 
sures themselves. 

The  thickness  of  the  coal  deposit  of  South  Wales,  he  says  is 
equal  in  the  deepest  part  to  12,000  feet,  and  that  consequently  a 
long  period  must  have  been  required  for  the  accumulation  of  the 
materials,  and  that  any  fact  which  may  assist  in  ascertaining  its 
length,  cannot  fail  to  possess  some  interest.  The  occurrence  of 
these  boulders  he  is  of  opinion  bears  upon  the  subject. 

From  a  layer  of  indurated  day,  two  inches  thick,  lying  on  the 
top  of  a  seam  of  common  bituminous  coal,  and  covered  by  hard  sand* 
stone,  at  Penclawdd  on  the  Bury  river,  he  obtained,  in  the  spring  of 
1839,  a  worn,  rounded  mass  of  cannel  coal,  six  inches  long,  four 
inches  wide,  and  two  inches  thick.  The  discovery  of  this  singular 
specimen  having  excited  attention  to  the  subject,  it  was  ascertained 
that  in  the  quarries  of  the  enormous  mass  of  sandstone  forming 
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Oilfay  bill  and  the  Town-hill  range  from  Swansea  to  the  Burj  river, 
there  occur  many  irregular  conglomerate  beds,  formed  of  innume- 
rable pebbles  and  small  boulders  of  coal,  sometimes  four  inches  in 
diameter,  mingled  with  sand  and  pebbles  of  ironstone ;  and  there 
have  been  also  found  in  them  smsdl  boulders  of  granite  and  mica- 
•late.  Many  impressions,  coated  with  coal,  of  SigiUarisa  and  other 
plants,  occur  in  the  mass ;  and  the  difference  of  age  between  this  coal 
and  that  of  the  pebbles,  he  says,  is  beautifully  illustrated  in  numerous 
caaes,  where  the  softer  coal  of  the  plants  has  been  pressed  down 
upon  the  harder  coal  of  a  layer  of  the  pebbles,  by  the  cleavage  of 
tiie  former,  however  distorted  the  plant  may  be,  presenting  an  uni- 
form parallelism,  while  the  cleavage  of  the  coal  forming  the  pebbles 
la  parallel  with  the  sides  of  the  pebbles,  which  are  inclined  in  all 
poeaible  directions. 

The  pebbles  consist  principally  of  the  common  bituminous  coal  of 
the  neighbourhood,  but  two  have  been  found  composed  of  cannel 
coal,  the  only  seams  of  which,  existing  in  the  lower  measures,  occur 
•bout  2000  feet  below  the  conglomerate  bed. 

The  Cilfay  sandstones  and  the  measures  at  Penclawdd,  in  which 
tiie  first-mentioned  pebble  was  found,  form  part  of  the  Pennant  grit ; 
and  there  is  reason  to  believe,  that  throughout  the  whole  of  this 
great  mass  of  sandstone,  about  SOOO  feet  thick,  occasional  beds  of 
coal  pebbles  are  to  be  met  with :  but  Mr.  Logan  has  not  seen  any 
associated  with  the  lower  measures. 

March  11, 1840. — A  paper  was  first  read,  "On  the  Rocks  which 
form  the  West  shore  of  the  Bay  of  Loch  Ryan  in  Wigtonshire,  N.B.," 
by  John  Carrick  Moore,  Esq.  F.G.S. 

The  peninsula  of  the  Ryans  extends  about  thirty  miles  fh)m  N. 
to  S.,  and  is  about  seven  miles  across  at  its  greatest  breadth,  or  from 
Stranraer  to  Port  Patrick.  In  the  geological  maps  of  M.  Necker, 
Dr.  Macculloch,  and  Mr.  John  Phillips,  it  is  coloured  as  part  of  the 
great  graywacke  chain,  stretching  from  the  Irish  sea  to  St.  Abb's 
Head ;  and  the  chief  part  of  the  rocks  composing  the  peninsula,  Mr. 
Moore  says,  undoubtedly  belongs  to  that  epoch ;  but  he  has  ascer- 
tained from  an  examination  of  the  district  during  the  summer  of 
1839,  that  others  of  a  more  recent  date  also  exist. 

The  portion  of  the  peninsula  particularly  described  by  the  author, 
extends  about  eleven  miles  from  north  to  south,  and  about  five  from 
east  to  west ;  and  is  bounded  on  the  W.  and  N.  by  the  Irish  sea,  and 
on  the  £.  by  the  Bay  of  Loch  Ryan.  The  formations  of  which  it 
consists  are— -1.  Oraywacke,  2.  Trap  rocks,  3.  Coal  measures,  and, 
4.  a  red  breccia. 

I.  The  graywacke  constitutes  the  greater  part  of  the  district,  the 
beds  being  nearly  vertical  and  the  prevailing  strike  £.  by  N.  At 
the  northern  extremity,  near  the  Corsewall  Lighthouse,  are  beds 
of  conglomerate  composed  of  rounded  masses  of  granite,  with  peb-> 
bles  of  serpentine  and  other  rocks.  In  the  little  bay  of  Sloughna- 
garry,  at  the  most  southern  point,  where  the  graywacke  shows  itself, 
Mr.  Moore  found  in  a  slaty  rock  alternating  with  compact  beds,  an 
abundeunce  of  fossilsy  determined  by  Mr.  Lyell  to  be  ^ptoUtes. 
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2.  The  trap  itxsks  occur  at  two  points,  one  near  the  northern  ex- 
tremity of  the  peninsula,  on  the  farm  of  Balscallock,  constituting  a 
dyke  of  amygdaloid  greenstone  which  cuts  through  the  graywacke 
and  is  lost  in  the  sea ;  and  the  other  is  near  Loch  Connell,  where  a 
mass  of  greenstone  extends  in  a  westerly  direction  for  nearly  two 
milefi.  At  both  localities,  the  trap  intersects  the  graywaeke ;  but  at 
neither  point  could  the  author  find  it  in  contact  witib  the  eoal  or  over- 
lying breccia. 

3.  Coal  Measures.  A  deposit  consisting  of  beds  of  red  and  white 
sandstones,  clays  and  micaceous  shale,  similar  to  those  of  the  coal- 
field of  Ayr,  has  been  long  known  to  exist  in  the  district,  and  has 
led  to  several  fruitless  researches  for  coal.  The  deposit  may  be 
traced  for  about  nine  miles,  forming  a  narrow  band  parallel  to  Lodi 
Ryan.  The  beds  are  in  general  moderatdy  inclined  to  the  £•  or 
S.E.  In  a  quarry  on  the  farm  of  Clachan,  Mr.  Moore  found  re- 
mains of  Stigmaria  JicoidM^  and  in  another,  on  the  farm  of  Chal- 
lock,  an  abundance  of  Calamites. 

4.  Red  Brecciab  This  rock  extends  from  the  bay  of  Sloughnar 
garry  to  the  fann  of  Dumlae,  a  distance  of  eight  miles,  fonning  a 
ridge  from  200  to  300  feet  high,  between  the  coal  measures  and  the 
shore  of  Loch  Ryan*  It  consists  entirely  of  irregular  fragments  of 
graywacke  cemented  by  a  red  clayey  sand,  but  in  some  places  it 
passes  into  laminsB  of  red  sandstone.  The  beds  are  nearly  horizon* 
tal  or  dip  slightly  to  the  S.E.,  and  rest  on  the  coal  measures.  As  Mr. 
Moore  did  not  detect  any  organic  remains  in  the  breccia,  nor  find 
any  rock  overlying  it,  he  does  not  offer  an  opinion  respecting  the 
period  of  its  formation* 

A  paper  was  afterwards  read,  "  On  the  Siliceous  Bodies  of  the 
Chalk,  Greensand  and  Oolites  •"  by  Mr.  Bowerbank,  FXj.S. 

The  author  commences  by  stating,  that  naturalists  and  geologists 
have  long  considered  the  fcnrm  of  tuberous  masses  of  flint  found  in 
the  upper  chalk  to  be  due  to  alcyonia  or  sponges,  but  that  he  is  not 
aware  of  this  opinion  having  been  proved  to  be  correct.  It  was 
Professor  Ehren bergs  observations  on  siliceous  bodies  which  first 
induced  him  to  obtain  thin  slices  of  flint  with  the  intention  of  pro- 
curing specimens  of  Xanthidium.  In  the  examination  of  these  slices, 
he  was  struck  with  the  frequent  occurrence  of  patches  of  brown,  re- 
ticulated tissue,  spicula  and  Foraminifera,  and  he  was  induced  to 
infer,  that  the  patches  of  tissue  were  the  remains  of  the  organized 
body,  possibly  a  sponge,  to  which  the  flint  owed  its  form.  With  this 
belief,  he  commenced  his  inquiries  by  examining  thin  slices  of  flints 
obtained  from  various  localities,  and  he  found  in  all  of  them,  a  per- 
fect accordance  in  the  structure  and  proportion  of  reticulated  tissue, 
in  the  number  of  spicula,  and  in  the  occurrence  of  Xanthidia  and 
Foraminifera.  The  following  are  the  general  appearances  which  the 
slices  of  flint  exhibit  when  mounted  upon  glass. 

With  a  power  of  about  120  linear,  the  slice  presents  the  appear- 
ance of  a  stratum  of  a  turbid  solution  of  decomposed  vegetable  or 
animal  matter  containing  Foraminifera,  spicula,  Xanthidia,  and  fre- 
quently fragments  of  the  brown  tissue.  In  a  specimen  from  North- 
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fleet  the  mass  of  the  sponeeous  portion  exhibited  numefons  cjlin-. 
diical  contorted  canate,  which  ftom  their  uniformity  and  minnteness 
of  diameter,  Mr.  Bowerbank  considered  to  be  the  incurrent  canals  of 
the  sponge ;  and  other  orifices  of  greater  diameter,  to  be  the  excup- 
rent  Very  frequently,  when  little  of  the  reticulated  substance  of  the 
sponge  remains,itsformerpresence,theauthorsays,is  indicated  by  the 
siliceous  matter  resembling  a  congeries  of  gelatiiious  globules,  mould* 
ed  by  the  tissue  amid  which  it  was  deposited ;  and  the  globules,  when 
traced  to  the  edges  of  the  patches  of  spongeous  texture,  were  found 
to  agree  in  size  and  form  with  the  orifices  of  the  supposed  incurrent 
canals*  In  cases  where  no  traces  of  the  sponge  can  be  detected,  Mr* 
Bowerbank  thinks,  that  the  mode  in  which  the  spicula,  Foraminifera 
and  other  extraneous  matters  are  dispersed  equally  in  all  parts,  and 
not  precipitated  to  one  portion  of  the  flint,  indicates  that  the  organ- 
ised tissue  in  which  they  were  entangled,  retained  its  form  and  tex*- 
ture  sufiiciently  long  to  allow  of  the  fbssilization  of  these  remains  in 
their  original  places ;  and  that  the  nature  and  position  of  these  bodies 
strongly  indicates  the  former  spongeous  nature  of  the  flint 

When  the  chalk  is  carefully  washed  from  the  exterior  of  a  flint, 
and  a  portion  examined  as  an  opake  object  with  a  power  of  about 
fifty  linear,  it  exhibits  a  peculiar  saccharine  appearance,  with  deep 
circular  excavations,  having  fragments  of  extraneous  matters  partly 
imbedded  or  adhering  to  them.  If  the  surface  be  further  cleansed  by 
immersion  in  diluted  muriatic  acid,  till  efierveseence  ceases,  spicula 
may  be  detected  on  the  sides  of  the  deep  circular  cavities ;  and  if, 
again,  a  piece  a  quarter  of  an  inch  in  diameter,  presenting  the  rough* 
est  aspect,  be  examined  under  a  power  of  120  linear,  illunnnated  by  a 
Lieberkuhn,  the  surface,  under  favourable  circumstances,  will  pre* 
sent  a  complex  mass  of  small,  contorted  tubuii,  occasionally  fur- 
nished at  the  apex  with  a  minute  perforation. 

The  structure  and  other  characters  of  the  tabular  flints  are  stated 
to  accord  perfectly  with  those  of  the  nodular  masses,  except  that  the 
under  surface  has  a  still  more  marked  spongeous  aspect,  and  that  spi* 
cula  and  Foraminifera  are  more  abundant.  The  absence  of  any  ap* 
parent  base  or  point  of  attachment  in  the  great  masis  of  nodular  chalk 
flints,  the  author  says  (considering  them  undoubtedly  of  spongeous 
origin),  may  be  accounted  for  by  su|^posing  that  the  gemmule  was 
origintdly  attached  to  some  minute  fragment  of  a  shell  or  other  sub* 
stance,  and  that  its  further  development  took  ^Bce  while  recumbent 
on  the  mud  or  silt 

The  perpendicular  and  oblique  veins  of  flint  between  Brighton 
and  Rottingdean,  are  reported  to  present  exactly  the  same  internal 
characters  as  the  tabular  and  nodular  flints,  and  to  agree  externally 
with  the  former.  The  occasional  existence  of  a  fissure  filled  with 
chalk,  in  the  centre  of  the  vertical  layers,  Mr.  Bowerbank  conceives, 
may  indicate  that  the  sponge  had  grown  from  the  two  sides  of  the 
crevices,  but  had  not  in  all  places  £?en  able  to  unite.  The  sides  of 
these  flint  veins  are  not  studded  with  Foraminifera  in  a  manner  simi* 
lar  to  that  of  the  tabular  horizontal  layers. 
Mr.  Bowerbank  next  examined  the  flint  with  which  Echinites  and 
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shells  of  the  chalk  are  often  entirely  or  partially  filled  and  enveloped, 
and  he  states,  thai  the  results  were  the  same,  both  with  reference  to 
the  exterior  and  the  interior  of  the  flint  In  those  cases  in  which 
the  Echinite  is  only  partially  filled,  he  infers  that  the  portion  so  occu- 
pied was  originally  a  sponge,  because  its  surface  is  uneven ;  for  had 
the  flint  been  deposited  in  an  empty  shell  or  Echinite,  it  would  pre- 
sent an  uniformly  flat  surface.  Again,  he  states,  that  the  prelecting 
of  the  flint  through  the  two  openings  of  the  Echinite,  with  an  ex- 
tension to  a  greater  or  Tess  distance,  is  owing  to  the  sponge  having 
grown  outwB^  through  these  orifices ;  and  the  envelopment  of  an 
organic  body  by  a  tubular  mass  of  flint,  he  explains  by  reference  to 
the  habit  of  recent  sponges  to  invest  testacea  or  other  marine  bodies. 
In  some  cases,  he  has  found  minute  but  deep  depressions  on  the 
surface  of  flints  filling  Galerites,  and  immediately  opposite  to  the 
ambulacral  pores ;  and  he  ascribes  the  origin  of  the  depressioiis  to 
streams  of  water  drawn  in  through  the  orifices  to  supply  the  wants 
of  the  living  sponge. 

Mr.  Bowerbank  was  afterwards  induced  to  extend  his  examination 
to  the  flints  which  invest  the  zoophytic  bodies  of  the  Wiltshire  chalk. 
By  carefully  cleaning  the  interior  of  some  of  these  flints,  he  discover- 
ed spieuU  projecting  from  all  parts,  however  different  the  chanurter 
of  the  inclosed  body ;  and  the  spicuUi  appeared  to  have  no  reference 
to  it,  none  of  them  being  found  on  its  surface.  Under  the  micro- 
scope, the  investing  flint  presented  in  every  respect  the  same  appear- 
ance as  that  exhibited  on  the  lower  surface  of  the  tabular  flints,  ha^ 
ving  fragments  of  minute  corals  and  small  shells  attached  to  the  in- 
ner surface.  A  thin  slice  exhibited  the  usual  organic  contents  of  the 
common  flint.  He,  therefore,  infers  that  the  tubular  flint  which  in- 
closes the  zoophytes,  owed  its  origin  also  to  a  sponge  which  invested 
the  organic  nucleus. 

A  comparison  of  the  characters  presented  by  the  spoDgeoas  re- 
mains of  the  flint,  with  a  collection  of  recent  sponges,  has  induced 
Mr.  Bowerbank  to  conclude  that  the  fossils  cannot  be  referred  to  any 
of  the  established  divisions  of  existing  sponges* 

On  examining  the  cherts  of  the  greensand  of  Fovant  in  Wilt- 
shire in  the  same  manner,  he  found  that  the  only  differences  between 
them  and  chalk  flints,  existed  in  the  coarser  texture  of  the  spongeous 
fibre,  the  greater  size  of  the  interstices  of  the  network,  and  the  larger 
dimensions  of  the  imbedded  extraneous  bodies.  The  cherty  nodiSes 
of  the  upper  greensand  of  Shaftesbury  afforded  similar  appearances. 
A  black,  semi-transparent  nodule,  with  an  outer  coat  resembling  ag- 
glutinated sand,  was  found  under  the  microscope  to  contain  nume- 
rous contorted  canals  of  various  sizes,  and  a  considerable  number  of 
beautiful  green  spicula.  Two  chert  casts  of  Spatangi  from  Shaftes- 
bury afforded  results  analogous,  to  those  obtained  from  chalk  Echi- 
nites. 

Slices  from  a  great  variety  of  the  greensand  cherts  of  Ljrme  Regis 
presented  characters  which  agreed  with  the  cherts  of  Fovant  A 
specimen  of  flint  from  the  Portland  stone  of  Tisbury,  and  another 
from  Portland,  gave  a  greater  quantity  of  cdlular  structure  than  any 
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of  the  previously  noticed  eases,  and  the  texture  bore  a  greater  affi- 
nity to  that  of  the  freshwater  sponge,  than  is  exhibited  in  the  flints 
of  the  chalk  or  the  cherts  of  the  green  sand. 

With  respect  to  the  causes  of  the  deposition  of  the  flint,  Mr.  Bower- 
bank  objects  to  the  supposition,  that  it  was  influenced  by  the  silice- 
ous spicula  of  the  sponges,  because  the  flint  is  in  no  case  limited  or 
determined  by  their  immediate  presence,  but  is,  in  ail  instances^bound- 
ed  by  the  extent  of  the  animal  matter  of  the  sponge.  He  has  fre- 
quently observed  that  the  large  excurrent  canals  in  the  chalk-flint 
spongites  are  not  filled  with  silex,  and  that  the  spicula  projecting  into 
them  have  not  the  slightest  incrustatioa  of  siliceous  matter  upon 
their  surface  ;  while  on  the  contrary,  wherever  a  single  tube  or 
a  thin  layer  of  tubes  has  been  projected  from  the  mass  into  the 
chalk,  the  silex  has  been  attracted  to  it.  He  conceives  also,  that  the 
retention  of  the  spicula  and  extraneous  matters  in  all  parts  of  the 
flint,  may  be  accounted  for,  by  supposing  that  the  animal  matter  waa 
the  attractive  agent,  acting  equally  throughout  the  whole  body  of 
the  sponge.  In  support  of  his  argument  he  adduces  the  siliceous 
shelb  of  Blackdown,  and  the  siliceous  corals  of  the  Tisbury  oolite 
and  the  mountain  limestone,  which  contain  no  spicula,  and  in  which 
it  cannot  be  supposed  that  previously  existing  siliceous  matter  waa 
the  attractive  agent.  Lastly,  the  pyriUnis  fossils  of  the  London, 
Kimmeridge,  Oxford  and  other  clays,  are  also  mentioned  as  exam- 
ples of  animal  and  vegetable  substances  having  exercised  an  attract- 
ive influence. 

March  25,  1840. — A  paper  was  first  read  ^'  On  the  Age  of  the 
Limestones  of  South  Devon ;"  by  W.  Lonsdale,  F.G.S. 

The  object  of  this  c(Mnmunication  is  to  show  the  nature  and  limits 
of  the  author's  claim  to  having  been  the  first  to  infer  from  zoological 
evidence  that  the  limestones  of  South  Devon  would  prove  to  be  of  the 
age  of  the  old  red  sandstone;  and  it  was  drawn  up  at  the  request  of 
Mr.  Murchison,  in  consequence  of  the  subsequent  adoption  and  ex- 
tension of  the  proposed  classification  by  Professor  Sedgwick  and 
that  gentleman ;  and  at  the  request  likewise  of  Dr.  Fitton,  in  conse- 
quence of  the  same  views  having  been  applied  to  some  of  the  in« 
fra-carboniferous  formations  of  Belgium  and  the  Boulonnais.  The 
paper  commences  with  a  summary  of  the  opinions  previously  enter- 
tained respecting  the  age  of  the  limestones.  The  authors  quoted  are^ 
Woodward,  1722;  Da  Costa,  Maton,  Play  fair,  Berger,  L.  A.  Necker, 
De  Luc  T.  Thomson,  Kidd,  W.  Smith,  Brande,  W.  Phillips,  Hennah, 
Greenough,  Sedgwick,  W.  Conybeare,  J.  J.  Conybeare,  Buckland, 
Dufr6noy,  Elie  de  Beaumont,  De  la  Beche,  Prideaux,  Boase,  J. 
Phillips,  Austen,  Murchison,  Bakewell  and  J.  de  Carle  Sowerby. 

By  these  geologists  the  limestones  are  placed  in  the  primary,  trans- 
ition or  gray wacke  and  carboniferous  series ;  Mr.  Prideaux  being 
the  only  author  who  ascribes  them  in  part,  and  on  mineral  characters, 
to  the  old  red  sandstone ;  and  Mr.  J.  Phillips,  in  his  article  on  geo- 
logy in  the  Encyclopaedia  Metropolitana,  hesitating  to  place  them 
in  a  definite  position,  in  consequence  of  the  resemblance  of  many  of 
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the  shells  to  species  found  in  the  mountain  limestone.  Mr.  De  la 
Beche,  in  his  memoir  on  Tor  and  Babacomb  Bays,  also  states  that 
the  limestones  of  that  district  rest  on  old  red  sandstone ;  and  in  his 
Report  oti  Cornwall  and  Devonshire  (1839),  he  says,  "  that  those 
who  rely  very  exclusively  on  the  character  of  organic  repiains  would 
probably  feel  disposed  to  consider  the  Torbay  and  Plymouth  beds  as 
equivalent  to  some  such  rock  as  the  old  red  sandstone."  The  au- 
thor of  the  paper  refrains  from  all  reference  to  the  memoirs  of  the 
Rev.  David  Williams  and  Mr.  Weaver,  because  his  attention  is  more 
particularly  confined  to  the  limestones  of  South  Devon.  In  allu- 
sion to  the  diversity  of  opinions  which  have  been  entertained  respect- 
ing these  rocks,  even  on  some  occasions  by  the  same  geologist,  he 
is  of  opinion  that  it  must  be  ascribed  to  the  want,  at  the  time  the 
memoirs  were  written,  of  that  preponderating  weight  of  e^dence 
which  enables  the  mind  to  rest  steadily  on  its  own  decisions ;  and 
that  if  a  better  result  be  now  attai9able,  it  must  be  ascribed  to  the 
mass  of  evidence,  which  has  been  recently  accumulated  in  various 
parts  of  the  kingdom.  Until  the  organic  remains  of  .the  mountain 
limestone  and  Silurian  system  had  been  determined,  the  former  over- 
lying and  the  latter  underlying  the  old  red  sandstcme,  and  shown 
by  Mr.  Murchison  to  graduate  regularly  into  that  formation,  and  to 
contain  perfectly  distinct  suites  of  fossils,  it  was  impossible  to  de- 
termine the  age  of  a  series  of  beds,  the  fossils  of  which  were  in  part 
new,  and  in  part  closely  allied  to  carboniferous  shells ;  and  procured 
from  a  region  but  partially  examined,  withouf;  a  base  line,  beset  with 
faults,  and  traversed  by  igneous  rocks. 

Mr.  Lonsdale  then  proceeds  to  show,  what  was  the  zoological  evi- 
dence on  which  he  ventured  in  December,  1837,  to  conclude  that  the 
South  Devon  limestones  would  prove  to  be  of  the  age  of  the^old  red 
sandstone.  Previously,  he  had  examined  in  part  the  corals  of  the 
Silurian  region  and  South  Devon,  and  ascertained  that  some  of  the 
species  at'e  common  to  both ;  he  had  also  examined  with  Mr.  J. 
Sowerby,  Mr.  Hennah's  valuable  collection  of  fossils  horn  the  neigh- 
bourhood of  Plymouth,  and  had  become  aware,  from  the  decisions  of 
Mr.  Sowerby,  that  certain  of  the  shells  could  with  difficulty,  if  at 
all,  be  distinguished  from  mountain-limestone  species;  and  that 
some  were  distinct.  In  December,  1837,  he  examined  with  Mr. 
Austen  a  portion  of  that  gentleman's  collection  of  Newton  Bushell 
fossils,  and  though  he  ventured  to  differ  from  some  of  the  identifi- 
cations with  mountain-limestone  species  pointed  out  to  him,  yet 
these  shells  agreed  so  much  in  aspect  with  testacea  of  the  carboni- 
ferous fauna,  that  he  could  not  doubt  there  was  a  connexion  between 
the  beds  from  which  they  had  been  obtained  and  the  mountain  lime- 
stone system :  the  same  collection  also  proved  that,  associated  with 
these  shells  were  corals  of  Silurian  species.  He  had  also  been  in- 
formed by  Mr.  Austen,  that  in  beds  connected  with  the  limestone, 
the  Calceola  sandalina  had  been  found.  It  was  therefore  by  com- 
bining the  amount  of  the  above  evidence,  the  presence  in  the  same 
strata  of  shells,  identical,  or  nearly  identical,  with  mountain-limestone 
species,  of  Silurian  corals,  the  Calceola  sandalina,  and  a  numerous 
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<Ustmct  testacea,  that  he  suggested  the  South  Devon  limestones 
^ould  prove  to  be  of  an  age  intermediate  between  the  carbonifexous 
and  Silurian  systems,  and  consequently  of  that  of  the  old  red  sand* 
stone.  In  alluding  to  Professor  Sedgwick  and  Mr.  Murchison'a 
adoption  of  the  suggestion  in  1839,  and  their  bold  application  of  it 
to  idl  the  older  sedimentary  rocks  of  Devon  and  Cornwall,  the  au- 
thor states,  that  the  fullest  testimony  is  borne  in  the  papers,  con- 
taining their  present  views  of  the  structure  of  those  counties,  of  the 
source  whence  the  suggestion  was  derived. 

Appended  to  the  notice  was  a  list  of  fossils,  necessarily  very  in- 
complete, from  the  limited  nature  of  the  materials  at  the  author's 
command.  It  consisted  of  sixty-three  species;  twelve  considered 
common  to  the  Carboniferous  and  Devonian  limestones,  forty-two 
peculiar  to  the  Devonian  strata ;  and  nine,  seven  of  which  are  corals, 
common  to  the  Devonian  and  Silurian  formations ;  doubts  were, 
however,  entertained  respecting  the  identification  of  the  two  species 
of  shells.  The  author  then  observes, — should  it  be  urged  that  it 
was  unjustifiable  to  assume,  from  organic  remains  alone^  the  age  of 
the  Devonshire  limestone,  it  may  be  replied,  that  in  a  district  of 
which  little  in  1837  was  positively  known,  which  is  cut  off  by  the 
granite  of  Dartmoor  from  the  only  base  line  of  the  country,  the 
culm  measures  of  central  Devon,  proved,  in  1836  by  Prof.  Sedg;wrick 
and  Mr.  Murchison  to  be  the  representative  of  the  true  coal  mea- 
sures, organic  remains  were  the  only  test  by  which  the  age  of  strata 
so  situated  could  be  determined ;  and  in  support  of  his  argument, 
he  advanced  the  recent  establishment  in  Cutch  and  the  Desert  to 
the  east  of  it,  from  the  examination  of  suites  of  fossils  brought  to 
England  by  Capt.  Smee  and  Capt.  Grant,  and  others  procured  by 
Colonel  Pottinger  at  the  request  of  Colonel  Sykes,  of  a  series  of  beds 
unquestionably  of  the  age  of  the  oolites  of  England,  the  fossils 
agreeing  in  their  general  characters  with  those  of  that  geological 
epoch  in  this  country,  and  being  in  many  instances  specifically  undi- 
stinguishable.  In  this  case,  mineral  characters  and  order  of  supenpo- 
eition  would  have  been  valueless  guides,  for  the  rocks  are  totally  difi^r- 
ent  in  character  from  those  of  the  same  age  in  England ;  and  there 
was  no  predetermined  series  of  beds  from  which  an  order  of  super- 
position could  be  derived.  Another  instance  was  noticed  of  the  value 
of  organic  remains,  if  rightly  applied,  in  determining  the  relative 
age  of  a  distant  region,  and  in  thiB  case  of  one  inaccessible  to 
Europeans,  in  the  Ammonites  obtained  from  the  Tartar  side  of  the 
Himalayan  mountains.  Tliese  fossils  prove  the  existence  in  that 
unexplored  country,  of  rocks  of  the  secondary  epoch,  by  possessing 
that  peculiar  character  in  the  sutures,  which  is  not  found  in  Am- 
monites of  any  other  epoch ;  they  are  moreover  accompanied  by  Be* 
lemnites. 

In  advocating  the  value  of  fossils,  the  author,  however,  begs  it 
may  be  clearly  understood,  that  he  would  not  expunge  from  the 
geologist's  consideration,  the  aid  to  be  derived  irom  order  of  super- 
position, and  under  a  right  control,  from  the  use  of  mineral  compo- 
sition and  lithological  structure ;  and  he  would  advise  the  observei: 
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not  to  depend  upon  his  own  limited  sources  of  knowledge,  but  to 
seek  the  aid  of  the  philosophical  zoologist,  who  can  teach  him  to 
reason  justly  on  the  distribution  of  animal  life, — ^the  accidents  to 
which  it  is  liable, — the  changes  which  such  accidents  may  produce, 
or  the  means  provided  by  nature  to  resist  them, — and  on  the  effects 
which  a  permanent  alteration  in  the  inhabiting  medium  may  woric 
in  the  form  and  size  of  a  shell  or  coral. 

Of  the  importance  of  organic  remains  in  identifying  distzicte  less 
widely  separated,  the  two  following  instances  were  noticed.  In 
M.  Dumont's  work  on  the  geology  of  the  province  of  Li^ge,  pub- 
lished in  1832'*',  and  justly  valued  for  unravelling  the  structure  of  a 
most  intricate  country,  the  strata  immediately  beneath  the  mountain 
limestone  are  divided  into  three  systems,  but  without  any  definite 
comparison  with  the  formations  which  underlie  that  deposit  in 
England.  At  the  meeting  of  the  Geological  Society  of  France,  at 
Mezi^es,  in  September,  1835,  Dr.  Buckluid  proposed  the  following 
first  comparison  between  the  systems  of  M.  Dumont  and  the  sub- 
divisions of  the  Silurian  system  established  by  Mr.  Morchison : — 

Bystkme  caleareux  supirieur Mountain  limestone. 

(Old  red  sandstone  wanting.) 
Syst,  quartzo-sckisteux  supirieur. .  The  Ludlow  rocks. 
Syst.  calcureux  infirieur The  Dudley  and  Plymouth  lime- 
stone. 
By  St.  quartzO'Schisteux  in/Meur. .  The  Caradoc  sandstone. 

(Builth  and  liandeilo  flags  wanting.) 
Terrain  Ardaisier. 

This  comparison  was  principally  founded  on  the  resemblance 
of  the  corals  with  those  obtained  at  Dudley  and  Wenlock.  M. 
Constant  Prevost  pointed  out  the  resemblance  of  the  calcaire  bleu 
of  the  systime  calcareux  infirieur  of  M.  Dumont  with  the  Plymouth 
limestone,  and  of  the  marble  of  Heer,  subordinate  to  the  systeme 
quartzO'Schisteux  supirieur,  with  the  limestones  of  Babacombe. 
Mr.  Greenough,  however,  doubted  the  identity  of  the  Plymouth 
and  Dudley  limestones,  and  he  stated  that  he  had  remarked  the 
total  absence  of  the  Dudley  Trilobites  in  the  systhne  calcareux 
infMeur.  During  the  Mezi^res  meeting,  Dr.  Buckland  identified 
certain  beds  beneath  the  mountsun  limestone  near  Namur,  Di- 
nant,  and  Huy,  and  at  Engis,  with  the  old  red  sandstone  f ;  and 
at  an  ordinary  meeting  of  the  Geological  Society  of  France,  in 
December,  1837,  M.  Hozet  repeated  his  belief,  that  the  old  red 
sandstone  is  well  developed  between  Dinant  and  Namur ;  and  M. 
Constant  Prevost  stated,  that  he  had  also  during  the  Mezi^res 
meeting,  determined  its  existence  in  those  districts.  In  1838, 
M.  Dumont  visited  England  for  the  purpose  of  examining  the 

[♦  An  Abstract  of  M.  Dumont's  memoir  appeared  in  L.  &  E.  Phil.  Mag. 
vol.  XV. — Edit.] 

t  In  the  "  Outlines  of  England  and  Wales  "  (1822),  the  Rev.W.  D.  Cony- 
beare  places  all  the  Belrian  beds  between  the  carboniferous  limestona  and 
the  transition  slates  in  the  old  red  sandstone.— -Note,  468, 
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Silurian  region;  and  on  his  return  to  Belgium,  he  laid  before 
the  Royal  Academy  of  Bruxelles  a  table,  differing  from  that  of 
Dr.  Buckland  only  in  drawing  more  closely  the  terms  of  com- 
parison, and  in  identifying  the  two  upper  divisions  of  the  Terrain 
Ardoisier  with  the  Cambrian  system.  He  stated  also,  in  a  report 
which  accompanied  the  table,  that  the  old  red  sandstone  was 
most  probably  wanting  in  Belgium,  or,  if  it  exist,  that  it  must 
be  considered  as  a  great  development  of  the  superior  part  of  the 
Upper  Ludlow  Rock.  In  M .  Dumont's  work,  before  mentioned, 
lists  are  given  of  the  fossils  ftx>m  each  sjrstem ;  and  on  examining 
them,  for  the  purpose  of  determining  how  feur  the  comparison  of  the 
Belgian  and  Silurian  systems  could  be  established  by  organic  re- 
mains, the  author  of  this  notice  ascertained,  that  out  of  twenty-two 
species,  only  four  could  be  considered  as  peculiar  to  ^e  Silurian 
BfBtem ;  and  of  these  he  believes  two  may  be  erroneous  identifica- 
tions ;  that  five  species  are  common  to  the  Belgian  beds  and  the 
mountain  limestone,  and  thirteen  to  the  Belgian  and  Devonian 
systems.  These  lists,  Mr.  Lonsdale  states,  are  small,  but,  he  adds, 
they  bear  internal  evidence  of  having  been  carefully  drawn  up  with- 
out any  preconceived  theory ;  and  he  conceives  that  they  afford 
sufiicient  proof  that  the  beds  ftt>m  which  they  were  obtained  do 
not  belong  to  the  Silurian  system,  but  partake  of  the  same  inter- 
mediate character  as  the  Devonian  limestones.  The  other  case, 
alluded  to  in  the  paper,  refers  to  the  older  beds  of  the  Bas  Boulon- 
nais.  These  strata  were  identified  by  M.  de  Vemeuil  in  1838, 
with  the  Silurian  series  of  England,  particularly  a  bed  of  limestone 
containing  corals  and  other  fossils  with  the  Wenlock  limestone ; 
and  M.  Dumont,  who  examined  the  country  with  M.  de  Vemeuil, 
states  in  his  report  to  the  Bruxelles  Academy,  that  his  four  systems 
occur  in  the  Boulonnais.  The  above  bed  of  limestone,  M.  Rozet 
had  also,  in  1828,  placed  below  the  old  red  sandstone;  but  in  a 
subsequent  memoir,  published  in  the  Amudes  des  Sciences  Naturelies 
(xix.  p.  145.  1830),  he  assigns  it  to  the  old  red  sandstone.  At 
the  Meeting  of  the  Geological  Society  of  France  at  Boulogne,  in 
Sept.  1839,  and  at  which  some  of  the  Fellows  of  the  Geological  So- 
ciety of  London  assisted,  the  identification  of  the  Boulonnais  beds 
with  the  Silurian  system  was  fully  admitted.  When,  however,  doubts 
were  recently  thrown  out  respecting  the  age  of  the  formations  in  the 
Li^ge  districts  on  account  of  the  nature  of  their  fossils,  Mr.  Mur- 
chison,  who  was  present  at  the  Boulogne  Meeting,  stated  to  the 
author  of  this  notice,  that  if  the  li^ge  country  had  been  wrongly 
identified,  the  older  beds  of  the  Boulonnais  had  been  wrongly  iden- 
tified also.  To  determine  the  question,  as  far  as  fossils  would  assist, 
Mr.  Murchison  procured,  by  the  kind  assistance  of  M.  Dutertre 
Yvart,  a  collection  of  specimens  in  the  Museum  at  Boulogne.  An 
examination  of  these  specimens  with  published  lists,  proved  that  the 
inference  was  just,  and  that  there  exists  in  the  Bas  Boul<Hinai3,  the 
same  mixed  assemblage  of  mountain  limestone,  Silurian  and  Devo- 
nian, or  peculiar  fossils,  as  in  the  province  of  Li^  and  in  Devon* 
shire. 
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A  note  "  On  the  Bone  Caves  of  Devonshire,"  hy  R.  A.  C.  Aiub- 
ten,  Esq.,  F.G.S.,  was  then  read. 

Mr.  Austen  commences  hy  noticing  the  two  theories  which  have 
heen  proposed  to  account  for  the  introduction  of  the  hones  of  ani- 
'  mals  into  caves — one,  which  accounts  for  their  presence  on  the  heiief 
that  they  were  dragged  in  hy  hyeenas  or  bears  inhabiting  the  cavG»i ; 
the  other,  which  supposes  that  the  bones  were  drifted  in  by  diluvial 
waters.  He  then  proceeds  to  give  his  own  explanation  of  the  phae- 
nomena  presented  by  Kenf  s  Cave  and  Yeahnpton  Cavern ;  but  he 
says  it  is  not  his  intention,  by  doing  so,  to  propose  a  general  theory 
for  ossiferous  caves. 

In  the  Devonshire  caverns,  mentioned  above,  remains  of  the  Ele- 
phant, Hog,  Rhinoceros,  Horse,  Ox,  Bear,  Hyeena,  and  Cat,  gene- 
rally bearing  marics  of  teeth,  are  intermingled.  With  reference  to  the 
means  by  which  they  were  collected,  Mr.  Austen  observes,  the  habits 
of  the  Hyaena  are  now  better  known  than  formeriy,  and  there  is 
little  in  them  to  warrant  the  conclusion  that  the  fossil  bones  were 
collected  by  that  animal.  He  says,  on  the  authority  of  Cuvier^  that 
hysenas  "  se  tiennent  solitaires  dans  les  parties  montagneuses/'  (last 
Edit.  Oss.  Foss.)  least  of  all  do  they  inhabit  caves ;  that  they  have 
not  the  courage  to  attack  any  formidable  animal,  preferring  ^e  pu- 
trid flesh  and  bones,  which  they  find  in  their  nightly  pro^dmgs  : 
that  they  never  drag  away  their  prey,  but  devour  it  greedily  on  the 
spot :  and  he  adds,  on  the  authority  of  M.  Marcel  de  Series,  who 
has  observed  the  habits  of  the  Hyeena  in  AMca,  "  that  its  gluttony  is 
equalled  only  by  its  cowardice." 

The  Lion,  on  the  other  hand,  seeks  solely  for  living  prey,  which  it 
prostrates  at  one  spring,  and  then  conveys  to  its  lair.  The  Afri- 
can lion  has  been  known  to  carry  off  a  bullock,  and  its  constant 
abode  is  in  chasms,  caves,  or  on  overhan^ng  ledges  of  rock. 

Mr.  Austen  is  therefore  induced  to  believe  that  the  cavern  bones 
were  in  the  first  instance  the  prey  of  the  larger  feline  animals,  and 
that  during  their  absence  tiie  hyaenas  visited  the  caves  to  feed  upon 
the  fragments  of  the  partially  consumed  prey ;  and  in  support  of  this 
view  he  quotes  the  passage  from  Johnson's  Field  Sports,  given  in  the 
Reliquia  DUuviantB  (p.  22) :  **  they  feed  on  small  animals  and  carrion^ 
and  often  come  in  for  the  prey  left  by  tigers  and  leopards  after  their 
appetites  have  been  satiated." 

What  the  large  feline  animals  were,  Mr.  Austen  says,  is  not  im- 
portant, as  they  resemble  each  other  in  their  habits.  The  remains 
of  a  Felis  as  large  or  larger  than  any  now  known,  have  been  found 
in  the  Plymouth  and  Hutton  caves,  and  the  canine  and  molar  figured 
by  Dr.  Buckland  from  Kirkdale,  are  said  by  Cuvier  to  differ  in  no 
respect  ftx)m  those  of  a  lion.  (Oss.  Foss.  IV.  151.) 

The  remains  of  a  fossil  lion  have  been  also  found  in  the  caves  of 
Gailenreuth,  the  province  of  Lidge,  Mialet  and  Jobertas  (D§p.  du 
Gard),  Lunel-Viel,  Joyeuse,  Ard^he,  Fouvent,  Fausan  (D^.  de 
I'Herault),  and  in  Kent's  Cavern. 

It  is  known  that  the  Lions  of  the  present  day  will  attack  every 
one  of  the  animals,  the  remains  of  which  are  found  in  Kent's  Hole, 
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and  other  caves ;  and  if  it  should  be  urged  that  the  most  powerful 
lion  could  not  carry  off  the  bodies  of  the  great  Pachyderms,  Mr. 
Austen  says,  that  an  examination  of  a  yery  large  proportion  of  the 
remains  taken  from  Kent's  Hole  has  proved  that  the  bones  and  teeth 
of  the  Elephant  belonged  to  young  animals ;  and  he  quotes  Dr.  Buck- 
land's  statement,  that  the  ten  elephants'  teeth  discovered  in  Kirkdale 
Cave  belonged  to  extremely  young  animals.  (Rel.  Dil.  p.  18.) 

The  conclusions,  therefore,  which  Mr.  Austen  wishes  to  draw  are, 
Ist,  that  the  carcases  were  dragged  into  the  bone  caves  by  powerful 
feline  animals ;  and  2ndly,  that  hysenas  picked  and  gnawed  the  bones 
after  those  animals  had  satisfied  their  hunger,  and  while  they  were 
absent.  He  also  objects  to  the  belief  that  some  of  the  German  caves 
are  filled  with  the  animal  matter  of  countless  generations  of  bears, 
aa  the  decomposition  of  one  carcase,  he  says,  would  have  driven  the 
living  bears  from  the  cave ;  but  he  believes  the  prevailing  fossil  re- 
mains in  each  locality  indicate  only  what  animals  were  most  abun- 
dant in  the  district,  and  consequently  most  frequently  fell  a  prey  to 
the  powerful  Felidse :  thus  in  the  low  grounds  about  Yeahnpton, 
Kent's  Hole  or  Kirkdale,  herbivora  may  have  been  most  abundant, 
and  bears  in  the  region  of  the  Hartz*. 

April  8th. — ^A  paper  was  first  read,  "  On  the  Great  Fault,  called 
the  Horae,  in  the  Forest  of  Dean  Coal  Field  ;*'  by  John  Buddie,  Esq., 
F.G.S. 

The  term  fault  is  used  in  this  paper  in  the  miner's  signification, 
or  for  any  interruption  in  the  regular  deposition  or  range  of  a  bed. 
The  Horse  Fault,  therefore,  is  not  a  displacement  of  one  part  of  the 
stratum  by  a  dislocation,  but  a  local  thinning  out  of  a  bed  of  coal, 
and  a  substitution  of  sandstone  for  it. 

The  Horse  has  been  traced  in  the  Coleford  High  Delf  seam,  the 
2Srd  in  the  descendiog  series,  or  the  3rd  from  the  bottom,  and  the 
only  one  in  which  it  is  clearly  developed,  for  about  two  miles;  and 
its  known  breadth  varies  from  170  to  340  yards.  The  only  point 
at  which  it  has  been  tunneled  through  in  a  transverse  direction,  is 
under  Bam  Hill  enclosure,  between  Brixslade  and  Howler's  Slade 
valleys,  and  its  width  is  there  about  200  yards.  The  upper  surface 
of  the  seam  of  coal,  to  a  considerable  distance  on  eacli  side  of  the 
Horse,  undulates  considerably,  producing  depressions  called  '<  lows,*' 
and  great  varieties  in  the  thickness  of  the  bed ;  but  the  pavement 
composed  of  the  ordinary  argillaceous  deposits,  which  accompany 
the  seam  ^roughout  the  basin,  preserves  nearly  its  ordinary  regu- 
laritv. 

The  roof  of  the  seam  consists  of  the  strong  sandstone  which 
usually  reposes  upon  the  Coleford  High  Delf,  but  a  layer  of  black 
alaty  substance  is  sometimes  interposed  between  it  and  the  coal, 
lliis  sandstone  extends  to  the  surface,  varying  in  thickness  accord- 
ing to  the  undulations  of  the  ground,  but  at  one  point  over  the 
Horse,  the  thickness  is  94  yards.  The  sandstone  sometimes  passes  into 
a  conglomerate,  containing  fragments  of  coal,  ironstone,  and  vege- 
[•  See  Phil.  Mag.,  First  Series,  voL  Ixvi.  p.  307.-- Edit.] 
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table  remains;  also  quartz  pebbles,  similar  to  those  which  abound  in 
"  the  pudding-stone,"  a  deposit  between  the  carboniferous  limestone 
and  the  old  red  sandstone,  and  which  attains  a  considerable  eleva- 
tion in  the  adjoining  hills.  The  sandstone  also  encloses  concre- 
tions of  highly  indurated,  ferruginous  sandstone,  scattered  irr^u- 
larly  throughout  its  mass ;  and  angular  fragments  of  obliterated  cafits 
of  vegetable  remains,  formed  likewise  of  highly  indurated  sand- 
stone. 

The  coal  under  the  lows  is  generally  mixed  with  particles  of  the 
sandstone  of  the  roof ;  but  it  contains  no  boulders,  angular  frag- 
ments, or  pebbles,  as  asserted  by  some  observers;  the  supposed 
boulders  and  fragments  beins,  Mr.  Buddie  observes,  the  concre- 
tions and  vegetable  remains  of  the  roof,  alluded  to  in  the  preceding 
paragraph. 

The  fall  of  the  Horse  conforms  to  that  of  the  strata  or  S.  31°  £^ 
but  whether  the  "  fault "  rises  with  the  seam  of  coal  to  the  outcrop 
on  the  S.E.  side  of  the  basin,  remains  to  be  proved.  In  the  trans- 
verse section,  the  bed  of  the  Horse  is  nearly  horizontal. 

There  are  no  indications  on  the  surface  by  which  the  Horse  can 
be  traced  beyond  the  limits  explored  under  ground ;  and  whether 
it  produces  any  change  in  the  overlying  seams,  can  be  determined 
only  by  future  works.  Mr.  Buddie  infers,  that  it  does  not  descend 
any  lower  than  the  Coleford  High  Delf  seam,  in  consequence  of  the 
evenness  of  the  floor,  and  the  entire  absence  in  it  of  sandstone. 

In  its  underground  characters,  the  Horse  is  similar  to  the  "  washes" 
or  aqueous  deposits  in  many  coal-fields,  but  it  differs  in  not  under- 
lying a  river  bed,  or  being  in'  the  bottom  of  a  valley,  and  in  not 
extending  to  the  surface.  In  the  Newcastle  coal-field  all  the  '<  washes" 
cut  through  the  whole  of  the  strata,  from  the  surface  to  that  on 
which  the  wash  reposes. 

In  the  workings  of  the  Park  End  Colliery  in  Park  End  High  Delf 
seam,  which  is  situated  50  fathoms  higher  in  the  series  than  the 
Coleford  High  Delf,  and  two  miles  to  the  S.E.  of  the  point  to  which 
the  Horse  has  been  traced,  a  great  succession  of  "  lows  "  has  been 
found  in  crossing  the  line  of  the  Horse,  but  no  fault  corresponding 
with  the  Horse.  The  coal  is  deteriorated  in  the  same  manner  as  in 
the  Coleford  seam.  This  colliery  is  situated  beyond  the  centre  of 
the  basin,  and  where  the  strata  rise  in  the  opposite  direction.  Fu- 
ture working  alone  can  determine  if  there  be  any  connexion  be- 
tween the  Horse  and  these  "  lows. " 

In  the  direction  of  the  Horse  there  is  also  an  extraordinary  oval 
depression  of  the  Coleford  High  Delf,  the  centre  of  the  seam 
being  20  feet  below  the  ordinary  level;  and  it  remains  to  be 
proved  if  the  Horse  presents  the  same  characters  under  the  de- 
pression as  elsewhere. 

From  the  phaenomena  exhibited  by  the  Horse  and  the  adjacent 
coal-seam,  Mr.  Buddie  is  of  opinion,  that  the  fault  and  seam  occupy 
the  site  of  a  lake,  which  existed  during  the  deposition  of  the  latter, 
and  that  the  carbonaceous  matter,  which  forms  the  seam,  was 
accumulated  while  the  water  was  deep  and  tranquil ;  that  the  undula- 
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tions  on  the  surface  of  the  coal  were  ocoainoned  by  the  action  of  the 
water  when  the  lake  was  discharged ;  and  that  the  Horse  occupies 
the  bed  of  the  stream  by  which  the  complete  drainage  of  the  lake 
was  e£Pected.  The  sandstone  of  the  roof,  aod  that  which  fills  the 
lows,  he  conceives,  on  account  of  the  fineness  of  the  grain,  were  tran- 
quilly deposited. 

A  paper  was  then  read,  entitled,  '*  Remarks  on  the  Structure  of 
the  Royal  George,  and  on  the  Condition  of  the  Timber,  Iron,  Cop- 
per, &C.,  recovered  during  the  operations  of  Col.  Pasley,  in  the  Sum- 
mer of  1839;"  by  Mr.  Creuze»  of  Her  Majesty's  Dock  Yard,  Ports- 
mouth, and  communicated  by  Captain  Basil  Hall,  R.N.,  F.G.S. 

The  Royal  George  was  accidentally  sunk  at  Spithead  on  the  29th 
of  August,  1782,  and  as  the  specimens  described  in  the  paper  were 
recovcsred  during  the  summer  of  1839,  they  had  consequently  been 
immersed  in  a  tide-way  of  salt  water  fiftv-seven  years.  She  was 
the  first  ship  of  war  built  on  the  principles  recommended  by  the 
committee  appointed  to  inquire  into  the  superiority  of  the  vessels 
in  the  Spanish  and  French  navies ;  and  was  commenced  at  Wool- 
wich in  1746,  and  kunched  the  1st  of  February,  1756.  The  Royal 
George  was  consequently,  when  sunk  (1782),  twenty-six  years  old. 

The  great  agent  in  the  work  of  destruction  of  Uie  timbers  had 
been  ^  the  worm."  This  insect  had  gradually,  by  its  innumerable 
perforations  on  every  exposed  portion  of  the  wreck,  destroyed  the 
fibrous  tenacity  of  the  wood,  and  reduced  it  to  such  a  state  as  to 
permit  the  wash  of  the  tide  to  remove  the  surface  layer  by  layer. 
The  quantity  which  had  been  thus  destroyed,  Mr.  Creuze  considers, 
from  the  parts  recovered,  to  have  been  almost  the  whole  of  the  upper 
portion  of  the  ship,  including  the  topsides  above  the  line  of  the  mid- 
dle deck  ports  ;  and  he  is  of  opinion,  that  in  another  half  century  the 
same  agents  might  have  destroyed  every  part  of  the  hull  above  the 
surface  of  the  mud,  if  Col.  Pasley's  operations  had  not  been  under- 
taken* 

The  timbers  which  had  been  protected  by  the  mud,  were  found 
to  be  solid  and  firm ;  but  the  only  exposed  wood  which  has  escaped 
the  ravages  of  **  the  worm  "  is  the  ash  of  which  the  dead-eyes  were 
made.  A  portion  of  one  of  these  timbers,  which  accompanied  the 
paper,  and  had  formed  a  part  of  the  exterior  surface  covered  with 
mud,  bore  no  marks  of  '*  the  worm."  The  copper  sheathing  ap- 
pears to  have  suffered  very  slightly,  several  whole  sheets  having  been 
found  to  be  of  the  average  weight  per  square  foot  of  that  now  used. 
This  state  of  preservation  Mr.  Creuze  assigns  to  galvanic  action.  The 
copper  nails  are  also  nearly  perfect.  The  cast-iron  guns  which  have 
been  recovered,  were  so  soft  when  first  brought  to  the  surface,  that 
they  were  easily  abraded  by  the  finger  nail  to  the  depth  of  at  least 
Afth,  and  in  some  parts  of  ^th  of  an  inch ;  but  they  have  gradually 
hardened  on  exposure  to  the  atmosphere.  The  brass  guns  were  appa- 
rently as  sharp  in  their  ornamental  castings,  and  as  sound,  as  at  the 
period  of  their  immersion.  A  fragment  of  tarred  rope-yarn  exhi- 
bited a  remarkable  instance  of  durability.    It  is  supposed  to  have 
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formed  part  of  the  sea^tore  of  the  Royal  George,  or  of  one  of 
the  cables  used  by  Mr.  Tracey  in  an  attempt  to  raise  the  ship  soon 
after  she  was  lost  A  piece  of  2  j -inch  oable^laid  cordage,  made 
from  the  yams  of  this  junk,  bore  21  cwt.  3qrs.  7  lbs. ;  a  piece  of 
similar  cable,  from  yarn  spun  in  1880,  bore  only  20  cwt.  1  qr.  7  lbs. ; 
but  another  manufactured  from  yam  spun  in  18d8i  bore  23  cwt. 
1  qr.  7  lbs. 

The  paper  contained  yarious  detaib  respecting  the  construction 
and  measurement  of  the  Royal  George,  and  of  the  different  descrip* 
tions  of  timber  used  in  building  the  ship.  Appended  to  the  Me- 
moir was  also  a  catalogue  of  twenty-three  specimens  sent  for  exhi- 
bition, a  portion  of  each  of  which  was  presented  to  the  Society's 
Museum. 

A  letter,  dated  November,  1839,  was  afterwards  read,  addressed  to 
Dr.  Mantell  by  Mr.  C.  Hullmandel,  ''  On  the  Subsidence  of  the 
Coast  near  PuzzuoK." 

In  1813,  Mr.  Hullmandel  resided  during  four  months  in  the  Ca- 
puchin Convent,  which  is  situated  at  the  entrance  of  Puzzuoli,  and 
on  the  seaward  side  of  the  road  towards  Naples.  The  oldest  friar, 
styled  il  moUo  reverende,  then  ninety-three  years  of  age,  informed 
Mr.  Hullmandel,  that  when  he  was  a  young  man,  the  road  towards 
Naples  passed  between  the  convent  and  the  sea,  but  that  from  the 
gradual  subsiding  of  the  soil  it  had  been  obliged  to  be  changed  to 
its  present  course.  During  Mr.  HullmandeFs  residence,  the  refec- 
tory and  the  entrance-gate  were  from  six  to  twelve  inches  under 
water,  whenever  strong  westerly  winds  prevailed.  Thirty  years 
previously  such  an  occurrence  never  took  place.  The  small  wharf 
at  Puzzuoli  was  also  constantly  under  water  during  westerly  winds. 
Mr.  Hullmandel  therefore  infers,  that  as  it  is  not  probable  the  archi- 
tect of  the  convent  would  have  so  placed  the  ground-floor  as  to  ex- 
pose it  to  inundations,  or  the  builder  of  the  wharf  would  have  so 
constmcted  a  landing-place  as  to  render  it  liable  to  be  overflowed ; 
— a  gradual  subsidence  of  the  soil  has  been  going  on  for  many 
years,  and  that  this  change  tends  to  corroborate  the  opinion  re- 
specting the  differences  of  relative  level  which  have  taken  place 
in  the  Temple  of  Jupiter  Serapis. 

A  notice  was  next  read,  "  On  part  of  Borneo  Proper ;"  by  G.  Tra- 
descant  Lay,  Esq.    Communicated  by  the  President. 

The  country  visible  in  the  background,  on  approaching  the 
estuary  into  which  the  river  of  Borneo  flows,  is  of  variable,  though 
nowhere  of  considerable  elevation.  Towards  the  east,  however,  is 
a  remarkable  range  of  mountainous  ridges,  rising  one  above  an- 
other like  steps,  and  trending,  the  author  supposes,  towards  Kini- 
balu,  the  most  lofty  point  in  tiie  island. 

Bomeo  Proper  consists,  as  far  as  Mr.  Lay's  observations  extended, 
of  sandstone  ;  but  near  the  mouth  of  the  river  is  a  little  island  on 
which  coal  is  found,  and  called  by  the  natives  Pulu-cheomin,  or 
Mirror  island,  in  allusion,  it  is  supposed)  to  the  brightness  of  the  coaL 
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Mr.  Lay  says,  if  he  understood  his  infonuant  rightly,  a  large  supply 
of  fuel  might  be  obtained  from  the  island.  Lignite  is  ^bo  found 
by  the  natives  in  sandstone  in  a  deep  valley  or  ravine,  not  far  from 
Borneo  city,  and  briieved  by  the  author  to  be  that  called  Kianggu 
The  bed  extends  obliquely  from  one  side  of  the  ravine  to  the  other, 
forming  an  angle  of  about  45%  with  the  direction  of  a  rivulet, 
which  flows  through  the  valley ;  and  it  is  stated  to  be  more  than 
two  yards  in  breadth.  The  valley  is  accessible  by  a  path  called 
Jalan-sttbrek,  and  conspicuous  from  the  palace  of  the  Sultan,  but  it 
is  steep,  rugged,  and  narrow.  The  distance  from  the  water-edge  is 
less  than  two  miles.  The  whole  of  the  peninsula  lying  on  one  side 
of  the  river  is  formed  of  very  steep  hills,  which  gradually  become 
more  lofty  towards  the  south-west  Upon  the  main  land,  or  oppo- 
site side  of  the  river,  the  ridges  are  supposed  to  range  at  right  angles 
to  the  mountains.  They  are  composed^  generally,  of  a  soft  sand- 
stone^ alternating  with  clay;  but  on  the  summit  of  one  of  the 
hills,  Mr.  Lay  noticed  the  outcrop  of  a  hard  red  sandstone,  formed 
of  round  and  angular  masses  of  quartz,  particles  of  black  mica,  and 
a  ferruginous  cement 

A  paper  was  last  read,  ^^  On  some  Geological  Specimens  from 
Syria;"  by  Mr.  W.  C.  WUlJamson. 

The  specimens  were  sent  to  England  by  Mr.  Heugh,  to  whom 
the  author  states,  he  is  indebted  for  a  few  notes  respecting  the  local- 
itiesy  whence  they  were  obtained.  The  chief  districts  are  the  vici- 
nity of  Beyroot,  especially  Mount  Gebeel  Suneen,  which  forms  the 
part  of  the  Lebanon  range  immediately  above  Beyroot  The  tri- 
angular tongue  of  land,  on  which  that  town  is  built,  is  about  four 
miles  in  extent  from  the  mountains  to  the  coast,  and  it  presents  an 
undulating  surface,  some  of  the  higher  points  attaining  500  feet 
above  the  level  of  the  sea.  The  formation  of  which  it  is  composed, 
is  a  hard  cream*coloured  limestone,  which  exhibits  in  the  clifia  along 
the  sea-shore  numerous  veins  of  flint;  and  it  is  in  one  part  of.  the 
coast  overlaid  by  a  soft  calcareoua  rock,  occasionally  100  feet  thick. 
The  latter  stone  is  easily  wrought,  and  is  employed  as  a  building 
material,  being  better  able  to  resist  the  eflects  of  the  earthiquakes 
than  the  harder  and  more  compact  rock. 

On  ascending  Gebeel  Suneen  from  the  flat  plain,  which  extends 
along  its  foot,  and  is  400  feet  above  the  level  of  the  sea,  the  follow- 
ing rocks  are  passed  over  :— 

Conpact  Ihnestone 1200  to  1500  feet 

Coarse  sMiceous  conglomerate,  containing 
thin  seams  of  lignite,  and  fragments  c^ 
siliceous  wood 800 

Compact  limestone 2000 

A  very  ferruginous  rock,  composed  of  mi- 
nute grams  of  sand,  thickly  coated  with 
hydrated  oxide  of  iron  50 

A  seam  of  oysters,  which  may  be  traced 
comfrfetely  around  the  noountain  4... 
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Compact  limestone,  forming  the  summit  of 

the  mountain,  about 100  feet 

In  a  break  in  the  side  of  Gebeel  Suneen,  and  extending  for  some 
distance  along  the  upper  part  of  the  lower  conglomerate,  is  a  basaltic 
dyke,  which  shoots  upwards  into  the  compact  limestone.  It  is  about 
100  yards  wide,  and  begins,  as  well  as  terminates,  very  abruptly. 
Except  a  small  hillock  near  the  sea  of  Tiberias,  this  is  stated  to  be 
the  only  trap  seen  by  Mr.  Heugh  or  his  friends  throughout  the 
whole  of  Syria. 

The  fossils  from  the  middle  bed  of  limestone  are  generally  casts, 
but  are  assigned  by  the  author  to  the  genera  Dolium^  JBuccinuniy 
Nerirusa,  Turritella,  VenuSt  Crassatella  ?,  Hippurites,  TrigoniOy 
Cardium^  Lucina,  Nucula,  and  Spatangus. 

In  a  soft  limestone  at  the  village  of  Ba-abda,  and  also  on  the  banks 
of  the  Zamies,  are  found  large  drusy  geodes  of  quartz,  and  some- 
times of  chalcedony. 

Among  the  other  fossils  contained  in  the  collection,  are  specimeas 
of  Clupea  brevissima  (Agassiz,  Tab.  LXL,  f.  6-9.).  They  occur 
in  great  numbers  a  little  above  Tripoli,  on  the  way  to  the  Cedars, 
and  about  thirty  miles  north  of  Beyroot. 

None  of  the  fossils,  except  the  fishes,  having  been  identified  with 
described  species,  Mr.  Williamson  does  not  venture  to  determine 
the  precise  age  of  the  beds  from  which  they  were  obtained ;  but  be 
is  of  opinion  that  the  fossils  are  more  nearly  allied  to  the  organic 
remains  of  the  cretaceous  series  than  to  any  other.  The  Doiium, 
he  says,  bears  a  strong  resemblance  to  the  Z>.  nodosum  of  the  En- 
glish chalk,  and  a  species  of  Venus  to  the  V.  angulata  of  the  green 
sand.  Nerincea^  he  states,  on  the  authority  of  Mr.  Daniel  Sharpe, 
are  found  near  Lisbon  associated  with  Hij^urites. 

LONDON  INSTITUTION. — CONVERSAZIONI. 

Jan.  20.— *Mr.  Grove  on  a  powerful  Voltaic  Combination. 

In  reviewing  the  history  of  the  voltaic  battery  from  its  first  dis- 
covery to  the  present  day,  Mr.  Grove  showed  how  the  chemical 
theory  had  led  to  all  the  improvements  of  that  instrument.  The 
original  pile  was  defective,  as,  from  the  small  intervening  stratum  of 
liquid,  chemical  action  was  soon  exhausted ;  hence  the  trougha  of 
Gruickshank  and  WpUaston.  A  second  defect  was  the  waste  of 
local  action,  now  remedied  by  amalgamated  zinc,  the  inactivity  of 
which  is  explained  by  the  chemical  theory.  A  third  defect  was  the 
reaction  occasioned  by  the  precipitation  of  cations  upon  the  nega- 
tive metal,  remedied  by  Mr.  Daniell's  introduction  of  sulphate  of  cop- 
per. However,  as  the  chemical  theory  supposes  that  the  power  of 
this  voltaic  combination  is  as  the  affinity  of  oxygen  or  chlorine  for 
zinc,  minus  its  affinity  for  copper,  a  wide  field  was  still  open  for 
the  increase  of  power;  thus  solutions  of  silver,  gold  or  platina, 
would  be  efficient  did  not  their  expense  preclude  their  practical 
employment ;  the  nitric,  iodic,  chloric  and  bromid  acids,  whose  ele- 
ments are  united  by  a  very  feeble  afi^ty,  are  still  more  effectual 


Digitized 


by  Google 


JniiUigence  and  Miseelianeoui  Ariiela.  2S8 

than  any  metallic  solution,  and  fortunately  the  nitric  acid,  being 
commercially  manufactured,  is  sufficiently  cheap  for  the  purpose. 

The  battery  excited  on  this  occasion  \iras  probably  the  most 
powerful  ever  seen,  although  of  very  small  size  ;  it  consisted  of  100 
pairs  of  zinc  and  platina  plates  two  inches  by  four,  with  interposed 
burned  pipe  clay  diaphragms^  and  was  charged  with  concentrated 
nitric  and  dilute  sulphuric  acid ;  its  superficiid  relation  to  the  great 
battery  of  Davy  was  as  1 :  40. 

The  arc  of  light  was  from  three  to  four  inches  long  and  of  great 
volume ;  its  prismatia  spectrum  was  of  extreme  brilliancy,  and  it  was 
polarized  and  dipolarized  by  Mr.  Grove,  showing  its  identity  with 
Bolar  light 

[We  understand  that  Mr.  Orove  has  received  the  appointment  of 
FrofeMor  of  Experimental  Philosophy  in  the  London  Institution. — 
BoiT.] 


XL.    Intelligence  and  Miscellaneous  Articles. 

ON  THB  T08S1L  WAX  OF  OALLICIA.      BT  M.  P.  WALTER. 

SEVERAL  years  since  a  fossil  wax  was  discovered  at  Truskawletz, 
in  Gallicia,  or  Austrian  Poland,  in  beds  of  grit  and  bituminous 
clay,  at  a  depth  of  two  or  three  metres.  I  procured  this  substance, 
but  want  of  leisure  has  prevented  me  from  examinme;  it :  it  is  with 
regret  that  I  feel  it  necessary  to  publish  the  little  that  I  know  respect- 
ing it ;  and  I  have  decided  to  do  so  only  in  the  hope  that  I  shall 
hereafter  be  enabled  to  examine  it  completely. 

This  fossil  is  of  a  brownish  black  colour ;  its  smell  is  penetrating 
and  bituminous ;  it  is  slightly  soluble  in  alcohol  and  eether ;  it  fuses 
at  156^  Fahr.  When  heated  in  a  retort  by  means  of  an  oil-bath»  it 
first  fiises,  and  at  212^  it  loses  a  little  water ;  at  572°  nothing  what- 
erer  distils ;  above  this,  ebullition  begins  to  occur,  and  continues 
up  to  662^ :  oils  first  appear,  afterwarcU  a  yellow*coloured  substance, 
which  forms  the  greater  portion  of  the  distilled  product.  This  mat* 
ter,  freed  from  the  empyreumatic  oils  by  pressure  through  doth,  and 
dissolved  in  boiling  aether,  precipitates  on  cooling  in  the  state  of  a 
beautifdl  white  pearly  substance. 

It  yielded  by  analysis. 

Carbon 8585 

Hydrogen ....      14*28 

This  therefore  is  the  composition  of  bicaiburetted  hydrogen  and 
paraffin ;  and  what  induces  me  to  believe  that  it  is  actually  paraffin 
is,  that  sulphuric  acid  appears  not  to  exert  any  action  upon  it.  The 
examination  of  oils,  formed  by  the  distillation  of  fossil  wax,  may 
throw  great  light  on  the  formation  of  naphtha  and  analogous  com- 
pounds, which  are  probably  derived  from  the  decomposition  of  this 
kind  of  bodies.— ^nn.  de  Ckim.  et  de  Phys.,  75,  212. 
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PHOSPHATE  OF  COPPER  FEOM  HIESCHBERG,  ON  THE  SAALE,  IN 
RUSSIAN  VQIGTLAND.      ANALYSED  BY  KUUK. 

This  mineral  is  of  a  nodular  ap{>eara'nee ;  the  internal  strocttire  is 
concentrically  fibrous,  with  conchoidal  fracture ;  in  colour  it  resem- 
bles malachite.  Its  specific  grayity  cannot  be  determined  on  account 
of  the  impurity  of  the  material.  The  matrix  is  a  brown  iron  stone, 
interspersed  with  veins  of  quartz,  and  containing  here  and  there 
groups  of  quartz  crystals. 

The  analysis  was  gone  through  in  the  following  manner :  some  of 
the  purest  pieces,  amounting  to  0*407  gramme,  gave  0*031  loss  by 
ignition.  After  its  solution  in  dilute  nitric  acid,  there  remained 
0*030.  The  whole  loss  from  ignition  amounted,  therefore,  to  7*62 
percent;  and  the  foreign  matter  to  7-37.  Now  since  1*147  of 
pure  matrix,  by  ignition,  gave  1*031  of  residue,  so  must  7 '3 7  of 
matrix,  brought  to  a  red  heat,  have  been  obtained  from  8*20,  which 
was  unignited.  Thus,  in  the  total  loss  frt)m  ignition,  0*83,  which 
resulted  from  the  matrix,  are  reckoned.  The  salt  of  copper  had, 
consequently,  from  91*80  of  its  first  condition,  lost  6*79  of  water 
=  7'40  per  cent.  The  oxide  of  copper,  precipitated  by  boiling 
caustic  potash,  amounted  to  0*268,  or  71*73  per  cent.;  and  since 
no  other  acid,  besides  phosphoric  acid,  could  be  found,  this  last,  in- 
cluding what  was  lost,  must  have  amounted  to  20*87.  Another 
portion,  which  weighed  1*946,  was  dissolved  in  dilute  nitric  acid, 
and  precipitated  by  sulphuretted  hydrogen ;  the  snlphuret  of  copper 
was  then  converted  into  oxide  of  copper,  which  weighed  1*354 
=  69*58  per  cent. ;  the  liquor,  filtei^d  from  the  sulphuret  of  cop- 
per, remained,  on  the  addition  of  caustic  ammonia,  colourless  and 
clear. 

From  a  third  unweighed^portion,  oxide  of  copper  weighing  0-374, 
and  lead  precipitate  weighing  0*667,  were  obtained.  If,  in  the  last, 
0*100  of  phosphoric  acid  must  be  assumed,  so,  in  the  first  experiment, 
where  71*73  per  cent,  of  oxide  of  copper  were  obtained,  19*21  of 
phosphoric  atid  were  contained.  The  water,  besides  loss,  amounted 
to  9*06. 

The  result  was,  consequently. 

Oxide  of  copper  ......      71*73     69*58     71*73 

Phosphoric  acid (20*87)  19*21 

Water.... 7*40  (906) 

The  aimplest  proportion  of  the  formula  is  3  CuO  -f  P  O^i  +  Ig  H  O, 
and  of  the  quantity  of  oxygtti  6:5:3.  From  experiment  the  fol- 
lowing formula  may  be  calculated : 

li  (CuO  +  HO)  +  (l^CuO  +  POa)  : 

or,  after  Berzelius's  method  and  numbers, 

3  (Cu O -h  H O)  +  (3  CuO  +  PgOj). 

Some  additional  grounds  for  this  formula,  as  well  as  some  analogues, 
shall  be  published  hereafter. — Annalen  der  Pharmacie,  Vol.  xxxiv. 
No.  2, 
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ON  MINIUM.      BY  M.  LEVOL. 

Although  mmium  has  beenanohjectof  research  by  several  chemists, 
opiiuons  are  still  divided^  not  only  as  to.  its  analysis,  but  also  as  to 
the  manner  in  which  its  true  conatitution  ought  to  be  represented. 

M.  Iievol  stateii  that,  having  had  occasion  to  examine  several 
samplea  with  respect  to  the  commercial  value,  hb  experiments  tend 
to  confirm  the  views  generally  entertained  with  respect  to  tibia  8ufo« 
stance,  namely,  that  it  is  not  a  peculiar  oxide,  but  a  definite  compound 
of  protoxide  and  peroxide. 

M.  Levol  agrees  with  M.  Dumas,  and  it  may  be  added  also,  with 
the  previous  determination  of  Dalton,  that  the  composition  of  minium 
ia  represented  by  Pb  0»  +  2  Pb  O,  and  he  finds  that  this  is  also  its 
composition  obtained  by  the  two  following  new  processes : 

llie  first  consists  in  calcining,  in  a  platina  or  silver  crucible,  a 
mixture  of  100  parts  of  protoxide  of  lead,  prepared  by  calcining  the 
carbonate,  25  of  chlorate  of  potash,  and  200  of  nitrate  of  potash ; 
this  last  salt  is  employed  for  the  purpose  of  rendering  the  mixture 
fluid,  without  occasioning  loss  of  chlorate  of  potash. 

In  operating  in  this  way,  the  action  of  the  oxygen  upon  the  oxide 
of  lead  is  so  effectual,  that  it  is  converted  into  peroxide ;  and  this 
oxide  may  be  thus  procured  with  the  greatest  readiness.  If  the 
operation  be  carried  on  till  the  mixture  becomes  nearly  red-hot,  the 
swelling  diminishes,  the  mass  thickens,  and  minium  is  formed.  It 
is  sufiicient  to  boil  the  residue  in  a  solution  of  potash  or  soda,  and 
to  wash  it  well,  in  order  to  obtain  pure  minium  of  the  composition 
above  stated.  The  product  is  in  a  state  of  minute  division,  of  a  fine 
red  colour,  with  a  shade  of  orange»  like  the  finest  mirii^^io  obtained 
in  commerce. 

Minium  may  also  be  obtained  in  the  moist  W4iy,  by  boiling  for  an 
hour  or  two  a  solution  of  an  alkaline  plombate  with  binoxide  of  lead 
in  fine  powder ;  the  colour  of  the  binoxide  becomes  gradually  lighter, 
and  eventually  an  ochre>-red  powder  is  obtained ;  this  is  merely  mi- 
nium, mixed  with  a  little  binoxide,  which  has  escaped  the  action  of 
the  plombate ;  it  is  easily  got  rid  of  by  digestion  in  a  solution  of 
oxalic  acid,  which  decomposes  the  peroxide  without  acting  upon  the 
compound,  and  the  oxalate  of  lead  is  afterwards  separated  by  pot- 
ash*  The  product  thus  obtained  has  always  a  deeper  red  tint  than 
that  of  the  minium  prepared  in  the  dry  way;  but  it  becomes  brighter, 
and  more  nearly  resembles  the  latter  when  it  is  triturated  with 
water ;  their  composition  is  similar,  and  the  difference  of  colour  ap- 
pears to  be  entirely  owing  to  texture;  there  is,  in  fact,  some  appear- 
ance of  crystallization  in  the  minium  obtained  in  the  moist  way. 

M.  LevoFs  analyses  were  performed  by  putting  the  minium  into 
excess  of  nitric  acid  of  sp.  gr.  1*114,  and  agitating  the  mixture  fre- 
quently during  twenty-four  hours ;  the  temperature  must  not  be 
raised  by  the  action,  or  otherwise  a  portion  of  the  binoxide  is  decom- 
posed, smd  a  small  quantity  is  even  dissolved,  which  gives  the  solu- 
tion a  violet  colour.  It  remains  after  this  operation  merely  to  weigh 
the  residual  binoxide,  and  to  determine  that  it  was  totally  soluble  in 
protonitrate  of  mercury,  which  does  not  act  upon  minium. 


Digitized 


by  Google 


238  Intelligence  and  MucdUuMOUs  Articles. 

The  following  considerationB  induced  M.  Lerol  to  beliere  that 
minium  is  a  compound  of  two  oxides.  In  supposing  that  minium  is 
a  peculiar  oxide  intermediate  between  these  oxides,  it  is  inexplicable 
how  it  happens  that  minium  cannot  be  oonyerted  into  binozide  by 
calcination  with  chlorate  of  potash,  an  effect  which  it  readily  pro- 
duces with  the  protoxide  of  lead. 

Oxalic  acid  constantly  converts  binoxide  of  lead  into  protoxide, 
but  does  not  alter  minium ;  and  this  is  at  once  a  method  of  purify- 
ing, and  a  good  characteristic  of  minium.  As  this  acid,  as  well  as 
protonitrate  of  mercury  and  sulphurous  acid,  reduce  the  binozide 
of  lead  to  protoxide,  and  has  no  action  on  minium,  it  may  be  in- 
ferred, not  only  that  minium  is  a  compound  of  the  two  oxides,  but 
that  it  is  a  compound  of  remarkable  stability. — Ann,  de  Ckim.  ei  de 
Phys.,  75,  108. 

ACTION  OF  ANHYDROUS  PHOSPHORIC  ACID  UPON  ANHYDROUS 
CAMPHORIC  ACID.      BY  M.  P.  WALTER. 

The  action  excited  by  anhydrous  phosphoric  acid  upon  anhydrous 
camphoric  acid,  in  nowise  resembles  that  of  Nordhausen  sulphuric 
acid  upon  anhydrous  camphoric  acid :  the  anhydrous  sulphuric  acid 
acts,  so  to  speak,  in  a  less  destructive  maimer ;  it  re-acts  aceordihg 
to  the  rules  of  substitutions.  Instead  of  taking  carbon  from,  tiie 
camphoric  acid,  it  adds  the  elements  of  sulphurous  acid,  and  from  this 
re-action  a  new  acid  arises ;  whereas,  in  causing  anhydrous  phos- 
phoric acid  to  act  upon  camphoric  acid,  it  attacks  it  in  all  its  mole- 
cules and  gives  rise  to  several  compounds.  If  several  layers  of  an- 
hydrous phosphoric  acid,  and  anhydrous  camphoric  acid,  be  arranged 
in  a  tubulated  retort,  with  a  tubulated  receiver,  having  a  bent  tube 
adapted  to  it,  and  immersed  in  mercury,  on  the  cautious  applicatioQ 
of  heat  to  the  retort,  a  considerable  and  continuous  disengagement 
of  gas  takes  place ;  when  this  ceases,  a  liquid  substance  runs  down 
the  neck  of  Uie  retort  into  the  receiver ;  this  has  a  slight  yellow 
colour,  and  a  penetrating,  but  not  disagreeable  odour;  when  re* 
peatedly  rectified  from  anhydrous  phosphoric  acid  it  is  rendered  per- 
fectly colourless.  In  the  bottom  of  the  retort  there  remains  a  black 
matter,  which  is  strongly  acid. 

The  gas  which  is  formed  in  this  re>aotion  is  of  a  compound 
nature  ;  it  is  a  mixture  of  carbonic  acid  and  oxide  of  carbon,  but 
they  are  in  indefinite  proportions.  Several  experiments  proved  that, 
for  one  volume  of  carbonic  acid,  there  were  four  of  oxide  of  carbon. 
The  liquid  is  a  carburetted  hydrogen :  two  analyses,  performed  witii 
two  different  products,  gave  the  sAme  quantity  of  carbon,  namely, 
88*4  and  88*2  per  cent. ;  but  the  quantity  of  hydrogen  varied  half 
per  cent.;  in  one  analyus  11*6,  and  in  the  other  11*07  were  ob- 
tained. If  the  first  analysis  be  correct,  the  carburetted  hydrogen  has 
the  same  centesimal  composition  as  oil  of  turpentine ;  but  I  do  not 
think  that  it  is  oil  of  turpentine,  though  its  formation  may  be  ex- 
plained by  means  of  the  formula  of  anhydrous  camphoric  acid ;  I  am 
more  inclined  to  believe  that  the  [carburetted]  hydrogen  in  question  is 
a  species  of  naphtha  which  contains  89  per  ceot.  of  caibon,  and  that 
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the  smallcsr  quantity  of  carbon<  found  in  my  analyses,  is  due  to  the 
presence  of  a  little  phosphuretted  hydrogen,  which  it  is  difficult  to 
separate  from  the  carburetted  hydrogen.  In  the  latter  case,  in  order 
to  explain  the  formation  of  this  carburetted  hydrogen  by  means  of 
the  formula  for  anhydrous  camphoric  acid,  the  formation  of  water 
muBt  be  admitted  in  the  re-action.  I  should  have  decided  this 
question  long  since,  if  the  quantity  of  carburetted  hydrogen,  ob- 
tained during  the  redaction,  had  been  more  considerable  than  it  ac- 
tually WBS.—Ann,  de  Chim.  et  de  Phys,,  75,  212. 

MBTEOROI^OOICAL  OB8BRYATION8  FOB  JAN.  1841. 

Ckmridt. — JsD.  I.  Haiy:  fine  with  clouds.  2.  Raid:  dear  and  fine:  huiri- 
aui«s  at  night.  9*  Thunder-stonn  about  7  a.m.,  accompanied  with  large  and 
▼ivid  flashes  of  lightning,  raioi  hail  and  sleet,  and  high  wind,  which  soon  after 
Nibaided  into  a  pmect  c^^m,  4.  Sharp  frost :  slight  fall  of  snow  :  clear  at  night. 
5.  Densely  overcast :  snow :  large  lunar  halo  in  Uie  evening.  6.  Hazy.  7.  In- 
tenae  firou.  8.  Dense  fog:  severe  frost,  d.  Intense  frobt.  10.  Overcast: 
slight  haze:  rain  at  night.  11.  Overcast.  12.  Cloudy;  clear.  IS.  Foggy: 
rain :  fall  of  snow.  14.  Cold  hate  ;  rain  :  sleet  and  snow.  15.  Rain.  16. 
Thmwinff  rapidly:  occasioning  inundations,  the  frozen  crust  preventing  the  water 
Irom  tti&ing  into  the  earth.  .17.  Continued  thaw.  18.  Rain.  19.  Overcast 
SO.  Cloudy  and  cold  :  sharp  frost  at  night.  21.  Frosty  :  fine.  22.  FVosty :  rain 
St  night  SS.  Clear.  24.  Boisterous  :  cold  and  diy.  25.  Clear  and  frosty. 
98.  Ovtma*  and  fine.  27.  Veiyflne.  S8.  Cloudy.  29.  Fine,  sa  Hazy. 
31*  Foggy:  min. 

Previously  to  the  thaw,  in  the  beginning  of  the  month,  the  frost  had  penetrated 
in  Bome  soils  to  a  depth  of  12  inches. 

J7ofton.-^an.  1.  Cloudy.  2.  Fine.  8.  Cloudy :  stormy  with  lightning  and 
tain  early  a.m.  4.  Cloudy :  snow  early  a.ii.  :  stormy  with  rain  r.M.  5.  Stormy. 
Of  7.  FifMb  8.  Fine  e  thermometer  17^*0  three  o'clock  p.m.  9.  Fine :  tbenno- 
meur  28^  thrse  o'clock  r.»c.  la  Cloudy :  large  fall  of  snow  early  a*k.  11. 
Cloudy :  anow  early  a.v.  12.  Cloudy,  13.  Fine :  rain  f,m«  14»  15.  Cloudy. 
16.  Cloudy :  snow  early  A.M.:  rain  F.M.  17.  Fine.  18.  Cloudy.  19>  Cloudy: 
ram  early  a.i[.  20.  Snow  :  snow  r.M.  21.  Cloudy :  snow  early  a.m.  22,  23. 
Fine.  84.  Stormy:  heavy  snow-storm  r.u.  25,26.  Fine.  S7.  Fine :  beauti Ail 
■Meving.  88.  Cloudy.  29.  Fine,  sa  Cloudy.  81.  Rain :  rain  early  a.m.  : 
snow-storm  p.ic  N.  B.  The  8th  of  this  month  was  the  coldest  day  since  Jan.  1, 1 890. 

Apokgarth  Ifanu,  Jhtmfriei'iMre.^^Jsitu  1.  Slight  showers.  2.  Slight  show. 
ers :  rrost  in  the  morning.  3.  Snow-storm.  4.  Snow-storm  and  frost  5.  Snow. 
storm.  6,  Fair:  snow  lying*  '^»  Snow-fall:  frost  very  keen.  8.  Snow-fall 
sllgfatly:  liroet  keen.  9.  Thaw,  with  slight  snow.  10.  Snow  and  frost  again. 
II.  Faur:  snow  lying:  thaw  f.m.  12.  Fair:  but  fitsesing  hard.  13.  fair: 
frecsing.  14,15.  Fair.  18.  Storm  of  snow,  sleet  and  rain.  17.  Thaw:  heavy 
rain  P.M.  18.  Frost  again:  clear.  19*  Frost  again.  20,  Frost  again:  Aurora 
borealis.  21.  Thaw:  drizzling  rain.  22.  Wet  and  boisterous.  23.  Wet  and 
boisterous:  slight  snow-fall.  24.  Fair:  frosty :  slight  snow-fall.  25.  Frost  a.m.  : 
drifldaiwu.  86.  Thaw  and  thick  fog.  27.  Shower  in  aftenoon.  28.  Fair  and 
fine:  snow  melting.  29.  Drizzling,  sa  Thick  fog  all  day.  31.  Clear  and 
ooldx  moist  roc 

Son  shone  out  25  days.  Rain  fell  10  days.  Snow  8  days.  Frost  16  days. 
F«P2. 

Wind  north  2  days.  North-east  Si  days.  East  2  days.  EasUsouth-east  Si 
d^s,  South-^ast  !(  day.  South-west  4  days.  Wesfr«ottth>wc8t  1  day.  West 
4  daya  West-north-west  2i  days.    North-west  3  days.    North.oorth*west  2  d^ys. 

Calm  8  days.  Moderate  8  days.  Brisk  S  days.  Strong  breeze  7  days, 
Bokteroos  4  days.    Stormy  1  day. 

Mean  temperature  of  the  month 31^*45 

Mean  temperature  of  January,  1840 37  *80 

Mean  temperature  of  spring-water   ......    49-00 

Men  temperature  of  spring-water,  1 840 .  •    43  *30 


Digitized 


by  Google 


51 


So* 


'uoiioa 


oSmc^wctSw  —  efS  coc«>*o«?w5"*cic«>e«  rtc^HSio^c^ocoS 


:-! 


:  o 


•   =6 


;§ 


•VW"I<0 


^g  :&S22S??  :  j?  :S3  :  :  :??2 


14^ 


5  :2|P 


H  i  »•  a"  g  jf  «•  jg  s  s'  ri  li  g  S  6'  ig  i^  *  i  ji  I  <  >•  S'  >'  t^  »g  >• 


Hi 

OS'S 


»  » 


)i  K' 


»■•''••-•  ^'"^li  I*  si-' i^'-^ii-sa*  »-^^^g' I  j!ii-- 


I' 


coeocoww^  ^  «  «  oi -N  •-*  »M  cococow  c<c*  cocoes  CI  cocoro^cocS 


55:35«5?&?gSf?«S3§f?i{;S 


.^Saa^?^SJq9?&!3^35 


S!?fi§??&2^2&aSEJJ?^3^9i?8a:ftlSSSS?5?^isj8 


S?i5§fS2»«&?i8Saas^!388gSa8Sa3SSa5oa 


9«?55J?ss??§aj?ss?%;sss;g5;sss55SS9S5!§$s; 


ooooocor^m9>C4oooaooco«09r«o<o^^roo990009\c« 


cot>'00  ^00  t^t>»r^c<'^co*^c<oioo  •^'^too  »ofoao  iocot*»nr*»cooo  r^c«ao 
0  2»^o^trO>o^!S«  a-iQ^yj^bti^o^jfgg^^^g.^^^ 


^o^oo  o\dNO\^^ 


asa 


66< 


5C«  C*  coroSco 


"T**?  ^^^9^9c«'7'C<coci9«iTf^99\«'Tj«9  tpThopcp  q\ab 


g2^S22aS5S'5"5^rS£S?»^^R2SKS«SS2Sl&2!S 

qoqo90^ou^«qo7f9a)pc*>^»pr5«®r*•9co•7<0^*-«9^9^•:<c^•7• 
c<c<cic<c«c<c«c<c«<Nc<c<c«cic<c<c«c<eicocoor5e«oc<coe*>e*>co«o 


9*9  ri-.  rio  r^«  ^^9*  ©  u^  W5  to  <o  vp  r^  r^  9^  7^  ^C^rT^yf'T^^?*"^ 
6^66H0^5^c«a^c^6>o>c^c^c^6^c^6H6^6^o^6666666o66e& 
c«coc«c*c<«c<c«c<c<c<«c«c«c<c<c«e«c«coco«-5coe*>e*>f*3cococococo 


(§8 


53^ 


OHO  r- 


100  30^  "to  O  "S^o  o  000  -^eio  «  Q  o^;S'^o  o  Q2  5!S;  o 

>  o  c<  Q\ap  oro<ovoiot^c^iococo-^»ft— a^Qpo^lOO»oe•poo^ 

>  coihuSoo  r^c<oo  co»ocoilr5<o»o  t^oo  o-^roor^eoooe^wwM 


j^SSS 


sssassas'S'S^ass^i^^a^aa^gssi 


-«^«'*«»'^«*2  =  22rSSi:22§SSfferS8&8lf^S 


Digitized 


by  Google 


THE 
LONDON,  EDINBURGH  and  DUBLIN    - 

PHILOSOPHICAL  MAGAZINE 

AND 

JOURNAL  OF  SCIENCE. 

■      ♦ 

[THIRD  SERIES.] 


APRIL  1841. 


XLL  On  the  Voltaic  Decomposition  of  Aqueous  and  Alcoholic 
Solutions.    By  Arthur  Ck)XN£L,  Esq.^  F.ILS.Ed,j  i^o- 
Jissor  of  Chemistry  in  the  United  College  of  St.  Salvatot^s 
and  St,  Leonard's^  St.  Andreafs*. 

IJTAVINO  been  engaged  at  intervals  for  several  years  in 
-■•-■•  researches  on  the  nature  of  the  changes  which  take 
place  in  solutions  in  the  principal  solvents  under  voltnic  agency, 
and  having,  I  conceive,  attained  some  general  results,  I  pro- 
pose at  present  to  give  a  condensed  view  of  these  experiments 
and  conclusions,  the  more  detailed  account  of  them  being 
contained  in  two  papers  already  published  in  the  Transactions 
of  the  Royal  Society  of  Edinburgh!,  and  a  third  in  the  course 
of  publication*  The  principal  objects  which  I  have  in  view 
at  present,  are  to  suggest  one  or  two  general  rules  relating  to 
the  secondary  voltaic  decomposition  of  dissolved  combinations 
of  elementary  bodies;  to  illustrate  the  state  in  which  the  ha- 
loid salts  are  dissolved ;  and  to  oifer  some  elucidations  of  the 
conducting  power  of  solutions. 

•  I.  Aqueous  Solutions. — It  is  well  known  that  by  the  em- 
ployment of  the  voltameter  Mr.  Faraday  was  enabled  to  show 
that  in  many  instances  of  voltaic  action  on  aqueous  solutions, 
the  changes  produced  on  the  dissolved  substance  were  the  re- 
sults not  of  the  direct  action  of  the  electric  current,  but  of  the 
secondary  agency  of  the  products  of  the  direct  decomposition 
of  water  J.  This  method,  however,  is  not  capable  of  resolving 
all  cases,  many  of  its  results  bein^  explicable  equally  on  the 
idea  of  a  primary  as  of  a  secondary  decomposition  of  the 

*  Communicated  by  Sir  David  Brewster.  f  Vol.  xiii.  and  xiv. 

i  Experimental  Researches,  Seventh  Series.     [L.  and  E.  Phil.  Mag., 
▼ol.v.] 
Phil.  Mag.  S.  3.  Vol.  18.  No.  117.  Apil  1841.         R 
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dissolved  body ;  for  the  dissolved  substance  is  often  equally 
capable,  with  water,  in  so  far  as  respects  composition  and 
atomic  constitution,  of  yielding  a  definite  proportion,  whether 
of  oxygen  or  of  hydrogen ;  and  the  non-appearance  of  one  or 
other  of  these  elements  at  either  pole  is  often  equally  expli- 
cable on  the  idea  of  the  dissolved  substance  not  contain- 
ing such  element,  and  on  that  of  its  being  derived  from  water, 
and  subsequently  entering  into  union  with  the  elements  of  the 
dissolved  substance.  Many  cases,  however,  occur,  in  which, 
from  peculiarity  of  atomic  constitution,  taken  in  conjunction 
with  the  proportion  of  gases  evolved  at  the  poles,  we  can  have 
little  hesitation  in  pronouncing  in  favour  of  a  secondary  ac- 
tion. Such  cases,  I  conceive,  are  those  of  nitric,  sulphurous 
and  the  organic  acids,  and  of  ammonia,  as  exemplified  in  Mr. 
Faraday's  experiments. 

Accordingly,  although  in  such  instances  as  these  Mr.  Fa- 
raday decided  with  reason  in  favour  of  such  an  action,  yet  he 
was  so  far  from  laying  down  as  a  general  rule,  that  in  all  cases 
of  solution  of  acids,  alkalies  and  other  primary  combinations 
of  elements,  the  dissolved  body  was  never  directly  decom- 
posed by  galvanic  agency,  that  he  distinctly  gave  his  opimoD 
hat  the  hydracids  are  directly  decomposed  ^,  and  inclined  to 
the  view  also  that  the  haloid  salts  were  in  the  same  situa- 
tion. 

By  adopting  other  methods,  with  the  occasional  aid  of  the 
principle  of  the  voltameter,  I  conceive  that  I  have  been  en- 
abled to  extend  the  rule  of  secondary  action  to  all  cases  of 
aqueous  solution  of  primary  combinations  of  elementary 
bodies. 

The  usual  method  followed,  was  to  endeavour  to  separate 
some  one  of  the  constituents  of  the  dissolved  body,  on  the 
assumption  that  that  body  was  directly  decomposed,  and  to 
exhibit  it  in  a  distinct  shape.  The  solution,  contained  id  a 
small  tube  of  the  capacity  of  about  one  and  a  half  drachm,  was 
connected  with  another  tube  of  the  same  capaci^  filled  with 
distilled  water,  the  connexion  being  made  by  a  short  and 
thick  bundle  of  asbestus  previously  well  washed  with  dilute 
acid  and  then  with  distilled  water,  with  which  latter  fluid  it 
was  still  moist  when  the  connexion  was  made,  and  the  level  of 
the  solution  being  a  fraction  of  a  line  lower  than  that  of  the 
distilled  water. 

The  water  was  then  connected  with  the  side  of  the  battery, 
to  which  the  constituent  of  the  dissolved  substance  would  na- 
turally pass  if  that  substance  suffered  direct  decomposition, 

♦  Uhi  8vp.  §.  763-4. 


Digitized 


by  Google 


of  Aqueous  and  Alcoholic  Solutions, 


Fig.  1. 


K 


243 

and  the  solution  itself  with  the  other  side,  as  in  fig.  !•  In  this 
way  the  constituent  roust  necessarily  be  exhibited  in  the  water, 
either  separately  or  in  a  state  of  combina- 
tion with  one  or  other  of  the  elements  of 
the  water,  which  new  combination  would 
in  its  turn  suffer  decomposition,  whether 
primary  or  secondary,  if  admitting  it 
The  readiest  and  simplest  illustration  of 
the  efficacy  of  this  method,  is  to  connect 
the  solution  of  any  ordinary  salt,  such  as  ^a^  ^W^ 
sulphate  of  soda,  with  two  tubes  contain- 
ing distilled  water,  and  one  of  the  latter 
with  the  positive  and  the  other  with  the  negative  side  of  the 
battery,  as  in  fig.  2,  where  B  contains  the  saline  solution,  and 
A  and  C  distilled  water ;  when  by  the  passing  of  acid  into 
C  and  of  alkali  into  A,  the  constituents  will  be  exhibited  in  "a 
separate  state. 

The  first  case  which  shall  be  adverted  to^  is  that  of  a  simple 
binary  combination  having  neither  acid  nor  alkaline  qualities* 
If  an  aqueous  solution  of  oromide  of  iodine  is  mixed  with  a 
solution  of  starch  and  acted 
OD  voltaically,  iodine  imme-  Fig.  2. 

diately  separates  at  the  ne-  ^ 

gative   pole,    forming    the  " 

usual  blue  combination  with 
starch.  Apparently,  there- 
fore, the  bromide  is  resolved 
by  the  action  of  the  current 
into  its  constituents,  iodine  u 

EDing  to  the  negative,  and  bromine  to  the  positive.  It  is  easy, 
owever,  to  show  that  this  effect  is  entirely  a  secondary  one : 
the  mixed  solution  of  the  bromide  of  iodine  and  of  starch 
was  placed  in  the  tube  B,  fig.  1,  and  the  starch  solution  in  A, 
the  asbestus  being  moistened  with  the  starch  solution,  B  be- 
ing made  positive,  and  A  negative  by  fifty  pairs  of  two-inch 
plates*.  Effervescence  speedily  ensued  from  both  poles,  but 
after  forty  minutes'  action  not  a  trace  of  any  blue  colour  was 
observed  in  either  tube.  The  battery  was  then  reversed,  the 
platinum  foil  in  B  being  now  connected  with  the  negative 
side,  and  that  in  A  with  the  positive  side.  Within  two  mi- 
nutes the  blue  combination  appeared  round  the  negative  foil ; 
the  effervescence  ceasing  at  that  pole,  but  continuing  at  the 
posidve.  Had  the  bromide  been  directly  decomposed,  iodine 


*  Ail  the  batteries  employed  in  these  experiments  were  on  Cruick- 
•hank'e  constructioD. 
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ought  to  have  been  liberated,  and  the  blue  colour  produced 
in  one  or  other  of  the  tubes  before  reversed ;  but  as  this  change 
did  not  occur  till  after  reversal,  the  effect  was  due  to  nascent 
hydrogen  at  the  negative  pole.  This  hydrogen  must  have 
combined  with  bromine  if  the  bromide  is  dissolved  as  such, 
as  is  usually  held,  and  is  most  probable;  or  with  oxygen  if 
the  whole  or  a  part  of  it  decomposes  water,  forming  hydro* 
bromic  and  iodic  acids  ^*  The  appearances  of  effervescence 
lead  to  the  same  conclusion.  The  oxygen  liberated  at  the 
positive  pole  in  B  before  reversal  must  have  come  from  water, 
and  implies  an  equivalent  quantity  of  hydrogen  passing  into 
A,  and  uniting  with  the  oxygen  of  water  in  the  course  of  de- 
composition in  A.  Now  as  this  hydrogen  did  not  appear  on 
reversal  of  the  battery,  it  must  have  been  employed  in  li- 
berating iodine. 

The  next  case  to  be  considered  is  that  of  the  oxyacids. 
When  we  observe  the  radical  of  such  an  acid  solution  sepa- 
rating at  the  negative  pole  and  oxygen  at  the  positive,  we  are 
at  first  sight  inclined  to  suppose  that  the  acid  itself  has  been 
the  subject  of  direct  voltaic  decomposition ;  and  accordingly 
it  has  been  often  thought  that  sulphur  and  phosphorus,  when 
they  are  observed  in  such  circumstances,  are  the  result  of 
direct  decomposition  of  the  corresponding  acids.  In  like 
manner  we  might  conclude  that  the  iodine  which  instantly 
separates  at  the  negative  pole  when  a  solution  of  iodic  acid  is 
acted  on,  is  the  result  of  primary  decomposition;  bat  a 
simple  experiment  at  once  shows  the  action  to  be  secondary. 
A  mixed  solution  of  iodic  acid  and  of  starch  was  placed  in 
the  tube  B,  fig.  I,  and  a  solution  of  starch  in  A,  the  con- 
nexion being  by  asbestus  moistened  with  the  latter  solution, 
and  B  made  positive  and  A  negative  by  fifty  pairs  of  two-inch 
plates.  Effervescence  ensued  from  both  poles,  but  afler  half 
an  hour's  action  no  formation  of  blue  was  observed  anywhere 
in  either  tube.  The  battery  was  then  reversed  in  the  manner 
above  described.  In  two  minutes  blue  matter  was  formed  on 
the  now  negative  foil  in  the  acid  solution  with  little  or  no  ef- 
fervescence at  that  pole,  but  effervescence  from  the  positive 
foil.  Thus  in  the  first  position  of  the  battery,  as  there  was 
no  direct  decomposition  of  the  acid,  iodine  did  not  pass  to- 
wards the  positive  pole ;  whilst  after  reversal,  iodine  imme- 
diately appeared  by  the  reducing  action  of  hydrogen  derived 
from  directly  decomposed  water.     The  analogy  of  this  ex- 

*  When  both  poles  are  plunged  into  the  solution,  and  the  battery  is  in 
fresh  action,  there  is  effervescence  at  both  poles,  a  part  of  the  hydrogen 
only  being  engaged  in  producing  the  secondary  action. 
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periment  may  evidently  be  extended  to  sulphuric,  phosphoric 
and  other  oxyacids. 

This  result  may  be  further  illustrated  on  the  principle  of 
the  voltameter.  A  current  of  the  same  power  as  above  was 
passed  through  a  solution  of  iodic  acid,  and  one  of  sulphuric 
acid  diluted  with  twelve  parts  of  water.  Iodine  without  any 
elastic  fluid  separated  from  the  negative  pole  of  the  iodic  so- 
lution, and  from  the  other  poles  the  following  quantities  of 
gas  were  collected. 

Negative  of  sulphuric  solution    *SS  cubic  inch. 
Positive  of    do.  do.  *\2         „        ^ 

Positive  of  iodic  solution  *14         „ 

This  result  can  scarcely  be  explained  except  on  the  idea 
of  the  direct  decomposition  of  water  only ;  for  similar  quan- 
tities of  oxygen  were  liberated  from  both  solutions,  notwith- 
standing the  diflerence  of  atomic  constitution  of  the  two  acids ; 
and  whilst  a  corresponding  quantity  of  hydrogen  was  evolved 
from  the  sulphuric  solution,  that  from  the  iodic  did  not  ap« 
pear,  and  was  plainly  occupied  in  reducing  iodine. 

In  like  manner  when  the  same  current  was  passed  through 
dilute  sulphuric  acid  and  a  solution  of  boracic  acid,  it  was 
found  that  very  nearly  the  same  relative  quantities  of  oxygen 
and  hydrogen  were  evolved  from  both  solutions  in  the  same 
time,  notwithstanding  the  difference  in  the  atomic  constitution 
of  the  two  acids.  There  was  therefore  little  doubt  that  in 
both  solutions  the  water  and  not  the  acid  had  suffered  decom- 
position. 

We  turn  now  to  the  hydracids.  When  a  solution  of  mu- 
riatic or  hydriodic  acid,  not  too  weak,  is  acted  on  under  or- 
dinary circumstances,  there  is  an  immediate  liberation  of 
chlorine  or  iodine  without  oxygen  at  the  positive  pole,  and  of 
hydrogen  at  the  negative.  The  first  view  which  strikes  one, 
is  that  the  hydracid  is  directW  resolved  into  its  elements ;  and 
this  is  the  view  which  Mr.  Faraday  has  adopted.  It  is  not, 
however,  difiicult  to  show  that  the  decomposition  is  a  secondary 
one.  A  moderately  strong  solution  of  muriatic  acid  was 
placed  in  the  tube  A,  fig.  1,  and  distilled  water  in  B,  the  con- 
necting asbestus  being  moistened  with  the  latter  fluid,  A.  be- 
ing made  negative,  and  B  positive  by  a  power  of  fifty  pairs  of 
two-inch  plates.  There  was  speedy  effervescence  from  both 
poles,  and  in  about  a  quarter  of  an  hour  a  trace  of  acid  was 
found  in  the  positive  tube,  which  went  on  increasing ;  but  it 
was  not  until  after  nine  hours'  action  that  a  feeble  and  doubtful 
odour  of  chlorine  could  be  detected  in  that  tube.  When  the 
conducting  power  of  the  water  in  B  was  improved  by  adding 
a  few  drops  of  sulphuric  acid,  a  brisker  effervescence  than 
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before  was  observed  at  the  poles,  but  still  in  ten  minutes  no 
trace  of  chlorine  was  observed  in  either  tube  by  the  smell  or 
by  test  paper.  The  battery  was  then  reversed,  when  in  less 
than  two  minutes  a  decided  smell  of  chlorine  was  observed 
in  By  and  in  ten  minutes  test  paper  was  bleached  when  plunged 
into  it.  It  was  also  ascertained  that  no  gas  but  chlorine  was 
liberated  from  the  positive  pole  subsequent  to  reversal.  When 
the  power  was  seventy  pairs  of  four-inch  plates  and  the  li- 
quid in  B  distilled  water,  acid  was  detected  at  the  positive  pole 
in  three  or  four  minutes;  but  after  Jialf  an  hour's  action  no 
bleaching  could  be  observed  in  either  tube,  although  a  feeble 
odour  of  chlorine  was  latterly  observed.  The  battery  was 
then  reversed,  when  instantly  a  pungent  odour  of  chlorine 
arose  and  test  paper  was  bleached. 

When  a  moderately  strong  solution  of  hydriodic  acid  was 
placed  in  A  and  distilled  water  in  B,  A  being  negative  and 
B  positive,  and  the  power  fifty  pairs  of  two-inch  plates,  a 
slight  e£Pervescence  ensued  from  both  poles,  and  during  the 
first  ten  minutes  there  was  no  discoloration  of  the  liquid  in 
either  tube.  A  slight  yellow  tint  then  appeared  in  the  posi- 
tive liquid  and  no  change  in  the  negative,  and  shortly  after  a 
just  perceptible  acid  reaction  was  observed  in  the  positive 
liquid.  In  a  quarter  of  an  hour  the  battery  was  reversed. 
Instantly,  notwithstanding  the  diminished  action  of  the  bat- 
tery, the  liquid  around  tne  positive  foil  became  brown  from 
liberated  iodine,  without  the  least  e£Pervescence  from  that  pole. 
When  the  level  of  the  hydriodic  solution  was  about  a  line 
lower  than  that  of  the  water,  no  discoloration  took  place  in 
either  tube  in  a  quarter  of  an  hour,  but  it  was  instantly  ob- 
served on  reversal.  When  the  power  was  seventy  pairs  of 
four-inch  plates,  the  discoloration  began  in  B  in  about  five 
minutes,  with  acid  reaction.  On  reversal  there  was  instant 
discoloration  in  A,  and  no  gas. 

In  these  experiments,  it  seems  obvious  that  the  non-appear- 
ance of  chlorine  for  so  long  a  period,  and  its  speedy  appear- 
ance after  reversal  with  cessation  of  oxygen,  show  its  secondary 
origin  from  the  reducing  action  of  oxygen  on  muriatic  acid. 
If  before  reversal  a  trace  of  it  ultimately  appeared,  its  origin 
was  plainly  due  to  the  acid  which  had  been  some  time  before 
drawn  over  to  the  positive  side.  In  the  case  of  hydriodic 
acid  the  iodine  was  in  like  manner  due  to  the  reducing  action 
of  oxygen ;  and  if  it  appeared  sooner  before  reversal  than 
chlorine,  that  circumstance  was  due  to  the  circumstance  of 
hydriodic  acid  being  a  much  weaker  combination,  and  more 
readily  reducible  than  muriatic  acid.  Even  if  we  suppose 
that  chlorine  or  iodine  in  passing  by  direct  voltaic  agency 
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towards  the  positive  side  reacted  with  the  hydrogen  of  the 
water  in  B,  it  is  plain  that  the  hydracid  so  formed  should 
have  been  immediately  decomposed  again,  and  the  chlorine 
or  iodine  should  have  speedily  appeared  at  the  pole  in  a  se- 
parate form,  and  thai  before  acid  appeared ;  whereas  in  the 
case  of  muriatic  acid»  the  chlorine  did  not  appear  till  consi- 
derably after  acid  had  passed  into  B,  and  much  later  than 
iodine  appeared  in  the  case  of  hydriodic  acid»  although  the 
constituents  of  the  latter  are  less  decidedly  opposed  to  one  an- 
other in  electric  nature  than  those  of  muriatic  acid,  and  there- 
fore ought  reasonably  to  be  of  more  difficult  voltaic  decom- 
position. The  quantity  of  chlorine  or  iodine  which  appears  is 
not  in  proportion  to  the  absolute  Quantity  of  acid  which  passes 
over,  but  to  the  facility  with  whicn  that  acid  is  reduced.  Hie 
(air  and  natural  interpretation  of  the  whole  phaenomena,  is 
evidently  afforded  on  the  view  of  a  secondary  action  on  the 
hydraciu* 

The  experiment  with  hydriodic  acid  was  varied  by  connect- 
ing two  tubes,  B  and  C,  fig.  2,  each  filled  with  distilled  water, 
with  the  tube  A,  containing  the  hydriodic  solution,  the  power 
being  seventy  pairs  of  four^inch  plates.  Slight  effisrvescence 
ensued  at  both  poles,  but  during  forty  minutes'  action  no  dis- 
coloration appeared  in  either  tube.  Soon  after  a  brown  tint 
appeared  in  C,  with  acid  reaction  at  the  positive  pole.  In 
ten  minutes  more  the  battery  was  reversed,  when  iodine 
without  any  gas  instantly  appeared  in  A.  All  these  appear- 
ances are  quite  in  conformity  with  the  above  views. 

In  regard  to  metallic  oxides  it  is  not  easy  to  obtain  such 
direct  experimental  evidence,  because  the  metals  of  such  as 
are  soluble  in  water  react  on  the  solvent;  but  we  may  take 
the  decomposition  of  jonetallic  oxides  as  contained  in  solu- 
ble salts,  during  which  the  metal  frequently  appears  at  the 
ne|pitive  pole^  as  illustrating  the  action  on  solutions  of  such 
oxides  as  are  dissolved  by  pure  water.  It  is  now  pretty  ge- 
nerally admitted,  that  when  metal  appears  in  solutions  of 
metallic  salts  at  the  negative  pole,  it  is  due  to  the  reducing 
action  of  nascent  hydrogen ;  and  this  opinion  I  have  verified 
directly  by  finding,  that  when  solutions  of  sulphate  of  copper, 
or  muriate  of  zinc  or  nitrate  of  silver,  were  made  positive  by 
fifty  pairs  of  two-inch  plates,  and  connected  by  asbestus  with 
distilled  water  which  was  made  negative,  neither  metal  nor 
oxide  was  carried  towards  the  negative  pole  during  half  an 
hour's  action ;  whilst  on  reversal  of  the  battery,  the  non-nega- 
tive foil  in  a  quarter  c^an  hour  was  found  to  be  more  or  less 
covered  with  reduced  metal.  Thus  the  circumstance  that 
in  the  one  position  nascent  hydrogen  was  produced  in  the 
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metallic  solution,  and  in  the  other  in  the  distilled  water,  evi- 
dently was  the  cause  of  the  difference  of  the  result.  The 
experiment  with  muriate  of  zinc  and  nitrate  of  silver  was 
varied  by  placing  the  solution  in  a  bent  tube  and  pouring 
distilled  water  over  it,  the  negative  wire  being  alternately 
plunged  in  the  water  and  in  the  solution.  The  results  be- 
fore and  subsequent  to  reversal  of  the  battery  were  the  same 
as  in  the  experiments  with  asbestus ;  the  only  di£Perence  being, 
that  in  the  experiment  with  zinc  solution,  a  little  oxide  of 
zinc  appeared  to  be  deposited  at  the  confines  between  the 
water  and  the  solution. 

I  am  aware  of  the  circumstance  mentioned  by  Davy,  that 
the  connecting  asbestus  in  an  experiment  with  nitrate  of  silver 
acquired  a  film  of  silver,  water  being  on  the  negative  side ; 
but  without  doubting  for  -a  moment  the  accuracy  of  the  state- 
ment, I  do  not  hesitate  to  conclude,  from  a  consideration  of 
my  own  results,  that  the  silver  had  resulted  in  the  single  in- 
stance mentioned  from  the  reduction  of  silver  by  the  secondary 
action  either  of  light,  or  of  the  hydrogen  evolved,  by  the 
powerful  battery  employed,  in  the  negative  liquid. 

I  thought  that  a  negative  pole  of  tellurium  in  the  metallic 
solution  might,  by  combining  with  hydrogen,  have  prevented 
the  formation  of  metal  at  that  pole :  but  I  found  that  copper 
and  zinc  were  deposited  even  in  those  circumstances ;  showing 
that  nascent  hydrogen,  where  the  metal  held  in  solution  is 
easily  reducible,  rather  unites  with  its  oxygen  than  with  the 
tellurium. 

In  regard  to  haloid  salts,  I  shall  afterwards  endeavour  to 
show  that  they  are  not  dissolved  by  water  as  such,  but  as  hy- 
dracid  salts.  In  the  mean  time  I  shall  mention,  that  proof  of 
exactly  the  same  description  as  that  which  has  been  detailed 
in  regard  to  the  hydracids,  was  obtained  in  regard  to  solutions 
of  chlorides  and  iodides  of  potassium,  showing  that  the  chlo- 
rine and  iodine  which  appear  when  they  are  acted  on  vol- 
taically  has  a  secondary  origin. 

There  is  also  a  very  simple  experiment  of  a  different  de- 
scription which  leads  to  the  same  conclusion.  When  an 
aqueous  solution  of  iodide  of  potassium  was  acted  on,  using 
a  positive  pole  of  zinc,  by  fifty  pairs  of  two-inch  plates,  in- 
stead of  iodine  separating  at  that  pole,  as  is  the  case  when  one 
of  platinum  is  employed,  there  was  a  speedy  and  copious  de- 
position of  oxide  of  zinc  from  the  positive  pole,  with  only  a 
bubble  or  two  of  elastic  fluid,  but  with  brisk  effervescence 
from  the  negative ;  appearances  which  can  only  be  explained 
on  the  idea  of  the  secondary  origin  of  the  iodine,  and  are  con- 
formable to  the  view  of  the  direct  decomposition  of  water,  the 
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oxygen  of  which  combines  with  the  zinc  when  the  pole  is  of 
that  metal,  or  with  hydrogen  of  the  acid  of  the  salt  when 
platinum  is  used.  With  chlorides  of  potassium  and  calcium, 
there  was  also  a  deposit  of  oxide  of  zinc  at  the  positive  pole, 
and  sometimes  a  part  of  the  oxide  of  zinc  was  taken  up  by 
the  acid  of  the  hydracid  salt  and  carried  to  the  negative  side. 

I  conceive  that  a  sufficient  number  of  cases  has  been  in- 
vestigated  to  warrant  the  general  conclusion,  ^Uhat  when 
aqueous  solutions  of  primary  combinations  of  elementary 
bodies  are  submitted  to  voltaic  agency,  the  dissolved  substance 
is  not  decomposed  by  the  current,  but  only  the  solvent.'' 
The  rule  of  course  does  not  embrace  combinations  of  the  se- 
cond order,  such  as  oxysalts,  which  as  every  one  knows 
are  resolved  into  their  constituent  acid  and  alkali  under  vol- 
taic agency. 

[To  be  continued.] 

XLII.  A  nem  and  more  general  Theory  of  Multiple  Roots. 
By  J.  J.  Sylvester,  F.R.S.  S^c.^  Professor  of  Natural  Phi^ 
losqphy  in  University  College^  London*. 

T  SHALL  begin  with  developing  the  theory  of  polynomials 
containing  perfect  square f actor s^  one  or  more. 
First,  let  us  proceed  to  determine  the  relations  which  must 
exist  between  the  coefficients  of  such  polynomials,  and  after- 
wards show  how  they  may  be  broken  up  into  others  of  an  in- 
ferior degree. 

A  parallelogram  filled  with  letters  standing  in  one  row  is 
intended  to  express  the  product  of  the  squared   difference 

of  the  quantities  contained.  Thus  Q  a  b  ^  indicates  (a— &)^ 
(  a  b  c  )  is  used  to  indicate  (a— i^  .  (a— c)*  .  (i— c)^  and  so 

forth. 

Suppose  now  that  two  of  the  roots  e^e^...  e^  belonging  to 
the  =  "y<^  =  0  are  equal  to  one  another,  it  is  clear  that 

(ci  e^  ...  ^n)  =  0 ;  and  moreover  is  a  symmetric  function, 
and  can  be  calculated  in  terms  of  the  coefficients  of /«. 

Next  let  us  suppose  that  we  have  two  couples  of  equals,  (as 
for  instance  a  and  6,  two  of  the  roots  equal,  as  also  c  and  d 
two  others)  it  is  clear,  that  on  leaving  any  one  of  the  roots 
out,  the  (n — I)  that  are  left  will  still  contain  one  equality,  and 
therefore  we  have  

*  CoromunicAtcd  by  the  Author. 
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None  of  the  parallelogratnmatic  functions  above  taken  singfy, 
are  symmetric  functions  of  the  coefficients,  but  their  sum  is ; 
so  also  is  the  sura  of  the  product  of  each  into  the  quantity 
left  out. 

Now  in  general,  suppose  that  the  polynomiaiy*x  contdns  r 
perfect  square  factors,  so  that  we  have  r  couples  of  eqiutl  roots 
belonging  to  the  equation /or  =  0,  it  is  clear  that 

(^r^r+ij...^«)  and  all  the  other     \^^2.\.^^         ^"n<^ 

tions  of  which  it  is  the  type  are  severally  zero.  Moreover,  the 
sum  of  these  or  the  sum  of  the  products  of  each  by  any  sym- 
metrical function  of  the  (r—  1 )  letters  left  out  will  be  a  sym- 
metrical function  of  the  coefficients  of  the  powers  of  x  in  fx. 
To  express  now  the  affirmative*  conditions  corresponding  to 
the  case  of  there  being  r  pairs  of  equal  roots,  we  m^ht  em- 
ploy the  r  equations,     

je^e^...  e^)    =  0 

2  (e^e^  ...  g,)    =s  0 

2  (e^  ...  g,)       =  0 

But  these,  except  the  last,  are  not  the  simplest  that  can  be 
employed ;  that  is  to  say,  we  can  write  down  r  others,  the 
terms  of  which  shall  be  of  lower  dimensions  in  respect  to  the 
roots. 

Let/Ji  denote  that  any  rational  symmetrical  function  of  the 
ftth  degree  is  to  be  taken  of  the  quantities  which  it  precedes. 

Then  the  r  equations  in  question  are  all  contained  in  the 
general  equation 

ft  being  taken  from  0  up  to  (r—  1)  we  obtain  r  equations,  which 
m  respect  to  the  roots  are  respectively  of  all  degrees  between 
n.(n-l)...  (n-r-h2)  n.(n-l),,.(;,-r.f2)       .       ,, 

1.2  ...(r-1)     *"^     r:2Tr(rri)    +('•-" ^^ 

reckoned  mclusivfly. 

Now  at  this  stage  it  is  important  to  remark  that  the  above 
r  equations,  although  necessary^  are  not  sufficient;  and  indeed, 
no  moi-e  affirmations  of  equalily  can  be  sufficient  to  ensure 
there  being  r  pairs  of  equal  roots. 

•  The  importance  of  the  restriction  hinted  at  by  the  use  of  the  word 
affirmative  will  appear  hereafter. 
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To  make  this  manifest)  suppose  r  =  2.  Then  in  order 
that  an  eauation  may  have  two  pairs  of  equal  roots,  we  must 
have  by  the  above  formula 


2(  gggfl  ...  g,)  =  0     2  [ei(e^e^...  e^)}    =0. 

But  if  instead  of  there  being  two  perfect  square  factors 
there  be  one  perfect  cube  factor  mfxj  it  may  be  snown  by  the 
same  reasoning  as  above,  that  the  very  same  two  equations 
apply.  In  fact,  it  may  be  shown  in  general  that  no  such  equa- 
tions as  those  given  above  can  be  affirmed  in  consequence  of 
there  being  an  amount  r  of  multiplicity  consisting  of  unit 
parts  which  may  not  be  affirmed  with  equal  truth  as  necessary 
consequences  of  the  same  amount  distributed  in  any  other 
manner  whatever.  How  to  obtain  affirmative  equations  suffi- 
cient as  well  as  necessary  (under  certain  limitations)  will  ap- 
pear at  the  close  of  this  present  paper. 

It  is  worthy  of  being  remarked,  that  if  we  make  ffi  denote 
the  sum  of  the  products  of  the  quantities  to  which  it  is  pre- 
fixed, taken  jx  and  /x  together,  the  equations  of  affirmation  be- 
come identical  with  those  obtained  by  eliminating  between 

It  can  scarcely  be  doubted  that  the  illustrious  Lagrange, 
had  he  chosen  to  perfect  the  incomplete  theory  of  equal  roots 
given  in  the  Rholution  NumSrique,  by  applying  to  it  his 
own  favourite  engine  of  symmetric  functions,  could  scarcely 
have  failed  of  stumbling  by  a  back  passage  upon  Sturm's  me- 
morable theorem. 

Let  us  now  proceed  to  show  how  a  polynomical  known  to 
contain  one  or  more  perfect  square  factors  may  be  decom- 
posed. 

Let  us  begin  with  supposing  that  it  contains  but  one  such 
factor ;  so  thai/x  =  ♦  » .  (x— a)'. 

I  shall  show  how  to  obtab  the  equations  C  {x-^a)  =  0, 
D<f  j:.(ar-a)  =  0,  E  {X'-a)*  =  0,  F.  ((f>4:)  =  0,  each  in  its 
lowest  terms« 

1.  To  form  the  equation  L  a^  +  M  s=  0,  where  x  =  a^  it  is 
easy  to  see  that  if  we  write  down  in  general  the  expression 

(jr— ^i)  (e^e^  ...  e^  this  will  become  zero  whenever  the  root 

f  I  left  out  is  not  one  of  the  equal  roots  (a) :  so  that  in  fact 
(calling  the  two  equal  roots  e^  e^  respectively) 

*  See  my  Note  on  Sturm's  Theorem,  Phil.  Mag.,  December,  1839.  [L.  aod 
£.  Phil/Mag.  vol.  xv.  p.  434.] 
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+  (^-^2)  X  (e^es  ...  Q. 

or  simply  =  2  (x— a) .  (  e^  e^  ...  T^^ 

Hence  by  making 

X  2  (  e^e^  '"  e^—  2  {^j  X  (e^e^  ...  e^}  =  O, 

we  have  an  equation  for  finding  the  equal  roots  ^,  e^. 
Again,  it  is  easily  seen  upon  the  same  hypothesis,  that 

2  {{x-e^)  (^—^3)  (a:— ^4)  ...  (or-^) x  (^^liZ^) } 

=  2(x— ^2)  (or— ^3)  ...  {x-'en)xCe^es  ...en). 

Hence,    to  form  the  equation  having   the    same  roots   as 
{x—a)  ^Xy  we  have  only  to  make 

a:»->2  (eie^...en)-jf^^ 2  {^^-f  ^3  +  ...  ^»x (^2^3  ---Q} 

±  2  {  ^2  ^3 ...  ^«  X  (  gggg...  gn)]  =  0-  , 

Suppose  now  in  general  that  we  have  (r)  perfect  square 
factors,  so  that^j;  =  <f  ^.  (j: — a^Y  {^—a^)^  •••  (j^— flr)*- 

To  form  the  equation  C  (-a?— «i)'(^— ^9)  •••  (x— a'')  =  0, 
we  have  only  to  make 

2  {x—e^.x-^e^  ...  J?— gyx(  ^r+i  gfsfg  *"  Q}  =  0 

And  to  obtain  D4)^  x  (j?— fli)  ('T— ^g)  ...  (x-ar)  =  0 

we  must  make 

2  {(or— ^r+i)  (^— ^r+2)  •••  (x— gn)  X  (lr+1  g^2  ...  eZ)}  =  0. 

The  theory  of  perfect  square  factors  is  not  yet  complete 
until  it  has  been  shown  how  to  obtain  consti*uctively  if  x, 
and  as  analogy  suggests  the  complementary  part  D'(x— a,)* 
.  (x— flg)*  ...  (x— gJ*  each  in  its  lowest  terms.  To  effect  the 
latter  it  might  be  said  that  it  is  only  necessary  to  take  the  square 
of  C  (x— a,)  (x— a^)  ...  (x— a^).  It  is  true  the  polynomial 
so  formed  would  contain  every  pair  of  eqnal  factors,  but  not 
in  the  lowest  terms  as  regards  the  coefficients  (as  we  shall 
presently  show). 

To  solve  this  last  part  of  the  problem,  let  it  be  agreed  that 
two  rows  of  letters  inclosed  in  a  parenthesis  shall  indicate  the 
product  of  the  squares  of  the  differences  got  by  subtracting 

each   in  the  row  from    each  in  the  other,   so  that    f  ?  ) 

=  («-*)'    (j"J=(«-^)M«-^)'    (cS)  =  («-'^)'.(«-d)' 

(6-c)«.(6-rf)». 


^  Digitized  by  CjOOQIC 


general  Theory  of  Multiple  Roots.  253 

Let  us  begin  with  supposing  that/x  has  one  pair  only  of 
equal  roots;  to  form  the  simplest  quadratic  equation  contain- 
ing this  pair,  write  down 

{x^e,)  (X-  e^)  X  (e^e^...e,^  x  (  ^J  ^J ...  J  • 

Now  if  e^  and  e^  are  the  two  equal  roots  in  question  the 
multipliers  of  (a;— <?j)  (^—^2)1  neither  of  them  vanish. 

If  ei  and  e^  are  neither  of  them  equal  roots  (e^e^.».e^  =  0. 
If  one  of  the  two  only  belong  to  the  pair  of  equal  roots 

Hence  it  is  clear  that 

2  ((x-e,)  (X-.J  X  C^eT^)  X  (^^  ^« ...  J  )  =  0 

is  the  equation  desired. 

In  like  manner  if  there  be  (r)  pairs  of  equal  roots  the  equa- 
tion of  the  (2  r)th  degree  which  contains  them  all  may  be 
written 

The  coefficient  of  or*  *"  in  this  equation  is  clearly  of  (n— 2r) 
(»— 2r— 1)  +  4r  (n— 2r)  f.e.  of  (»  +  2^—1)  («--2r)  di- 
mensions. The  coefficient  of  x^  in  the  equation  which  con- 
tains the  r  equal  roots  unyoked  tq^ether  is  of  (« — r)  («— r—  1) 
dimensions,  and  consequently  the  coefficient  of  x^^  in  the 
square  of  this  equation  would  be  of  2  (n— r)  («— r — 1)  dimen- 
sions, I.  e.  would  be  n^+  6r*— (4r4-l)  n  dimensions  higher 
than  needful. 

Finally,  to  obtain  an  equation  clear  of  simple  as  well  as 
double  appearances  of  the  equal  roots,  we  have  only  to  write 
the  complementary  form 

^fe^e^...e,r\l.    ^  q. 
\e^i  ...  en    /J 

Let  us,  now  that  we  are  more  familiarized  with  the  notation 
essential  to  this  method,  revert  to  the  question  with  which  we 
set  out,  and  endeavour  to  obtain  r  such  equations  as  shall 
imply  unambiguously  the  existence  of  r  pairs  of  equal  roots. 

The  existence  of  r  such  pairs  enables  us  to  assert  the  fol- 
lowing disjunctive  proposition,  which  cannot  be  asserted  when 
the  same  amount  oi  multiplicity  is  distributed  in  any  other  way. 
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To  wit,  on  selecting  any  r  roots  out  of  the  entire  number, 
either  these  r  will  all  be  found  again  in  those  that  are  left,  or 
those  that  are  left  will  contain  inter  se^  one  repetition  at  least ; 
so  that  except  on  the  latter  supposition  any  (r—  1)  may  be  ab- 
solutely sunk  out  of  those  thatare  left,  and  there  will  still  be 
one  root  common  to  the  {n — 2r+l)  remaining,  and  to  ther 
originally  selected  to  be  left  out. 

Wherefore  calling  the  roots  e,  e^  ...  e^  and  giving  ^  any 
value  whatever,  we  have 

Hence  the  simplest  distinctive  equations  indicative  of  the 
existence  of  r  pairs  of  equal  roots  are  to  be  found  by  putting 
f4  equal  in  succession  to' all  values  from  0  up  to  (r — 1). 

For  instance,  if  we  require  that  an  equation  of  the  seventh 
degree  shall  have  three  pairs  of  equal  roots,  we  need  only  to 
call  the  seven  roots  respectively  abed  efg^  and  then  our 
type  equation  becomes 

From  this  it  appears  that  the  r  distinctive  equations  for 
r  pairs  of  equal  roots  are  of  dififerent  dimensions  from  the  r 
general  or  overlying  ones  corresponding  to  the  multiples 
r,  anyhow  distributed;  the  lowest  of  Uie  latter  being  of 
(n — rH- 1)  («—r),  the  lowest  of  the  former  of  (n— r).(« — r— 1) 
+  2r(fi— 2r+  1)  ue.  of  n.(n— 1)— 8  r(n— 1)  dimensions. 
In  general  we  shall  find  that  the  more  unequally  distributed 
the  multiplicity  may  be  the  lower  are  the  dimensions  of  the 
distinctive  equations,  and  are  accordingly  lowest  when  the 
multiplicity  is  absolutely  undistributed*. 

9fi^  Doughty  Street,  Mecklenburgh  Square. 

*  It  must  not,  bowerer,  be  overlooked,  that  the  equations  above  given, 
although  decisive  as  to  the  existence  of  r  pairs  of  equal  roots  uihen  the 
multiplicity  is  known  to  be  not  greater  than  r,  do  not  enable  us  to  affirm 
with  certainty  tlieir  existence  when  this  limitation  is  absent :  for  should 
the  multiplicity  exceed  r,  then  inevitably  (no  matter  how  it  may 
be  distributed)    (^r+i  ^r+s  ...  e»^   is  always  zero,  and  consequently 

nullifies  each  term  of  every  one  of  the  equations  in  question.  In  fact 
(repugnant  as  it  may  appear  to  be  to  the  ordinary  assumptions  of  analy- 
tical reasoning),  it  is  not  possible  to  express  with  abiohie  unambigui^  the 
conditions  of  there  being  a  multiplicity  (r)  distributed  in  any  assigned 
mannier  by  means  of  r  qfimuUive  equations  atone. 

[To  be  continued.] 
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XLIII.  On  the  Atomic  Volume  and  Crystalline  Condition  of 
Bodies^  and  on  the  Change  of  Crystalline  Form  by  means  of 
Heat.    By  Dr.  Hermann  Kopp*. 

IN  a  former  paper  (Poggendorff,  Jnn.  xlvii.)  I  have  en- 
deavoured to  show  that  a  relation  subsists  between  the 
youmes  in  which  bodies  unite  in  forming  chemical  com- 
pounds, in  addition  to  that  which  is  known  to  exist  with  re- 
spect to  their  weights.  Gay-Lussac  had  already  shown  that 
gaseous  compounds  combine  with  one  another  according  to 
volumes ;  but  this  observation  had  not  been  extended  to  solid 
or  liquid  compounds.  Hence  the  object  of  my  inquiries  was 
to  examine  the  atomic  volumes  in  which  the  latter  combine, 
in  contradistinction  to  their  atomic  weights ;  to  which  atten- 
tion had  hitherto  been  exchisively  directed  in  examining  their 
chemical  composition. 

The  numbers  representing  the  atomic  volumes  of  bodies 
are  proportional,  just  as  the  atomic  weights  are;  and 
the  atomic  volume  of  any  body  may  be  deduced  from  its 
atomic  weight,  merely  by  dividing  the  latter  by  its  specific 
gravity.  But  it  is  evident  that  these  numbers  must  vary  ac- 
cording to  the  system  of  atomic  weights  adopted ;  hence  in 
the  following  paper,  that  scale  of  equivalents  in  which  oxygen 
is  equal  to  100  is  adopted,  and  not  what  is  still  retained  by  a 
few  chemists,  in  which  hydrogen  is  regarded  as  unity.  The 
formulas  of  the  compounds  examined  are  generally  those  of 
Berzelius. 

It  is  not  sufficient  to  affirm  that  bodies  unite  according  to 
their  respective  atomic  weights  and  volumes :  we  must  also 
comprehend  clearly  what  is  meant  by  the  application  of  these 
terms.  Nor  is  this  difficult ;  for  the  idea  of  mass  is  represented 
by  atomic  weight ;  whilst  a  regular  and  definite  volume  is  evi- 
dently represented  by  a  crystal. 

The  doctrine  of  isomorphism  shows  us  that  there  are  many 
bodies  which  possess  an  analogous  constitution  and  the  same 
crystalline  form.  Our  idea  of  the  volume  (or  in  other  words 
of  the  crystalline  form)  of  these  bodies  must,  therefore,  be  the 
same.  From  this  it  follows  that  their  specific  weight  is  de- 
pendent upon  our  idea  of  mass  (that  is  of  atomic  weight),  whilst 
our  idea  of  specific  weight  is  connected  with  the  mass  con- 
tained in  the  same  volume.  From  these  considerations  the 
following  law  may  be  deduced : 

The  specific  weight  of  isomorphous  bodies  is  proportional  to 
their  atomic  weight}  or^  isomorphous  bodies  possess  the  same 
atomic  volume. 

•  Communicated  by  the  Author. 
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This  law  may  be  proved  from  facts  already  known.  T 
following  presents  a  tabular  view  of  all  the  isomorph< 
groups,  the  specific  gravities  of  which  have  been  determin 
with  accuracy.  In  the  first  column  the  chemical  formulas 
the  compounds  are  stated ;  in  the  second  their  specific  gi 
vities,  with  the  authorities  from  which  they  are  taken ;  in  I 
third  the  atomic  weights  adopted  by  Berzelius ;  and  in  t 
fourth  the  atomic  volumes  deduced  from  the  observations. 


Gold  and  Silver. 


Au     19-258    Brisson        12430  64-54 

A«    in.i9Q    iro,.«f««      r  1351-6  129-61 

Ag    10-428    Karsten.    |  gy^.g  ^^.g^ 

Berzelius  has  given  the  number  1351  as  the  atomic  weig 
for  silver,  but  Regnault  has  lately  proved  that  675  is  mo 
correct. ' 

Potassium  and  Sodium. 
K    0-865    Gay-Lussac  and  Th^nard. 489*92 
Na    0972  „  „         „        {fg;jj 

Dr.  Clarke,  influenced  by  several  theoretical  consideratioi 
was  induced  a  few  years  since  to  propose  that  the  aton 
weight  of  sodium  should  be  raised  twice  as  high  as  it  is  co 
sidered  by  Berzelius  to  be ;  and  it  is  remarkable,  that  we  o 
tain  an  equal  atomic  volume  between  potassium  and  sodiui 
if  we  adopt  the  view  of  Dr.  Clarke. 

Oaride  of  Tin  and  Titanic  Acid. 


566-39 
299-27 
598-54 


SnOs 


TiOa 


6-960    Mohs 
4-202\ri    .^.       . 
4-254y^'^®''^**"P' 
4-249    Mohs 
3-759     Breithaupt 
13-826    Mohs 


935-20 


503-69 


134-38 
fl  19-87 
118-40 
118-54 
13400 
L 131-65 

The  first  three  numbers  for  the  specific  gravity  of  titar 
acid  are  deduced  from  the  mineral  rutilcj  which  is  alwa 
rendered  impure  by  substances  specifically  heavier ;  its  aton 
volume  must,  therefore,  be  smaller  than  it  really  is.  The  V 
last  are  drawn  for  anatase. 

Alumina,  Peroxide  of  Iron,  Oxide  of  Chromium  and  Ilmetiitt 


ALO3 


I 


|:»j8)Moh, 

3*562    Musschenbroek 
3-531     Brisson 
5-225     Boullay 

^^^3<^5lo  )Leonhard 
.5-251     Mohs 


642  33 


>  978-43 
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Cr,0,    5-21      Wohler  1003^         192-63 

r  199*39 

942-90 


U-78  )'^"P«^  J 


196-72 

198-51 

1197-26 


Spinel,  Gahnite,  Chrome-iron  ore,  Franklinite  and  Magnetic^ 
iron-ore. 

Mg  0,  AI,  O,  1 1^1)    Breithaupt  900-68    •[  ^*.|^ 

*  (Sa  Al]*^)*"«»    Moh.      1118-6  «j»l2 

.  /MgO,Al,Q,\  r4-410\....       „-,.„        /265-71 
*  VFe  O.  Cr, O,  ^  t  A-^'^'^      "' '  *         \ 263  97 

*(MnO:F5S>«>»    Moh.      1453-0  286-41 

.FeO,FesO|    5-094     Mohs      I417'6  278-28 

Copper-glance  jind  Silver-copper-glance, 

(Cu+Ag)  S    6-266        Stromeyer    12727  203-4? 

The  atomic  weight  of  silver  is  supposed  to  be  half  that 
adopted  by  Berzelius. 

Antimonjf-glance  and  Orpiment. 

r  4-620     Mohs  1 

\  4-626     Breithaupt  \ 

L  4-860     Musschenbroek    J 

} 

Cobalt'glance  and  Nickel-glance. 
CoSs+CoAs,    6-298    Mohs  2080-4        330*32 

Ni  S,+Ni  As,  { J§?)Bre>thaupt  2081-8     {  ^Jg 

Arsenic*  and  Antimony-rubi/'blende. 

r6-631\p    ...       .       -]  '  r  1121-3 

A&S3+As-S,U-692/^^«*'''*"P'       I     6201-9      J  1109-1 

16-624    Mohs  J  1 1122-7 

A&S,+Sb,S,|6-844)^'*^'''*»"P^       1     6874-7     1 1176-4 
1 6-831    Mohs  J  11179-0 

Tennantite  and  black  Copper. 

+2{Cu.l,lX|}^'^^    P^""P"       ^^F''         ^^^^'^ 
+2(Sl*§;S^^'}5-763    Mohs  18600-9         3227-6 

Phil.  Mag.  S.  3.  Vol.  18.  No.  m.  April  184L    S 


•4-620  Mohs  1  r  479-76 

Sb,  8,^4-626  Breithaupt  \  2216-4     ^479-11 

L  466-99 

f  3-313  Musschenbroek  1  f  466-91 

As,  S,  \  3-480  Mohs  \  1643-6     \  443-66 

13-469  Karsten  J  1446-24 
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PbS. 


Lead-glance  and  Selenturet  of  Lead. 

r  7-220  Musschenbroek  \  .^qk.7  /  207-16 
{7-587    Brisson  I     ^^^^'      \  19713 

f  218-18 
\  203-30 


PbSe. {115  )Leonhar<i 


1495-7 
1789-1 


The  Carbonates  of  Zinc  and  Magnesia;  Mesitine;   the  i 
bonatesqflron  and  Manganese  ;  Dolomite  and  Calcareous  s 


Zn 


r4- 
0,C0J4- 

14- 


4*442    Mobs 
;J    )Naumaim 

r2*208    Breithaupt 


I     779-67    I 


MgO,CoJ  3-112)^^^' 

L 2-97  )Naumann 


„    .    'OA  r3- 
FcO,CO,y\3 

3-829 


3-350 


363/ 


Mobs 


534-79 


625-22 


Fe 


Nsumann 
Naumann 


V     716-65      J 


.    rMgO,CO. 
*  \FcO,COj 

13-829 
MnO,CO,{|;JJJ)Moh8 

<K'c8:) }«•««*  Moh. 

Ca  U,  O  U,|  g.y5Q    Naumann 
ArragonitCf  Strontianite^  fFitherite  and  Carbonate  of  Lei 
CaO,CO,{JSJJ 
SrO,C02|3.g25 
Ba  O,  C  O2 1 4.3(^1 


720^34 

583-62 
}  632-46 


175-52 
177-20 
173-26 

{190-45 
178-20 
171-85 
185-69 
180*06 

f  186-62 
\  185-90 

186-90 
184-82 
198-79 
183-50 

r  203-48 
\  20110 

202-36 

f  232-43 
\  229-98 


PbO,CO,{JJg 


Mobs 
Breitbaupt 

Mobs 
Karsten 

Karsten 
Mobs 

Mobs 
Karsten 


The  Stdphates  ofBarya^  Strontia  and  Lead. 


BaO,SO,  {JJJ5 
SrO,SO.  {S 
PbO,S03{5:Jg 


Karsten 
Mobs 
Karsten 
Breitbaupt 

Karsten 
Mobs 


632-46 
923-73 
1233-3 
1670-9 


/  21578 
\  21 11 7 
/  256  24 

\  254-82 

/  286-68 
\  286-75 

/  258-46 
\  259-94 


1458-1 
1148-5 
1895-7 


/  347-15 
\  327-95 
/  320-08 
\  290-52 

/  307-29 
\  30100 


BaO,N,0,{|:;jJ 


The  Nitrates  of  the  same  Oxides. 

Hassenfratf        \     ,ft««.a      /  560-51 
Karsten  )     ^^^     \  61300 
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SrO,N,0^^3.^^    HassenfraU  >     ^^^  i  440-57 

"'"•^»  ^•1.4-769    Breithaupt  |     Wl  6  1 434.37 

The  Chlorides  qf  Barium^  Strontium  and  Lead. 

«-c^j:?S  KS      }  ^^-^  {SSS 

SrCJ,     2-803   Kanten.  989-9        353-18 

r5-802\  K«„^  1  r  299-40 

Pb  a,  \  6-682/  ""^  I     1787-2  \  306-72 

1 6-238     Monro  J  1331-60 

The  Nitrates  of  Potash  and  Ammonia. 

r  1-933    WatWD  1  r  665-47 

KO^N,  Of  4  2-101    Kanten  V     1267*0  \e&3ri^ 

12-068    Kopp  J  1615-64 

N.H.o.N.o.{;:s  £s„f«t«    }  »«o4.o  {S«:j5 

TA^  Chlorides  of  Potassium  and  Ammonium. 

irp,f  1-916    Kanten  \    ooa,i;i,  /  486-99 

'^^\1'945    Kopp  /     ^^^^  1479-47 

f  1-450    Watson  1  f  461-81 

N,Hs CI, -^1-528    Mohs  \     66961  ^43824 

11-500    Kopp  J  1446*41 

The  Carbonates  of  Soda  and  Silver. 
NaO^CO,    2-466    Karsten  607*34        276*86 

AgO^CO,     6-077    Kanten  172*81         284*36 

Tlie  Sulphates  of  the  same. 

Ks^r\  an  / 2-631     Kanten  \     qoo./ui  / 339-05 

NaO,SO,|g.^gg    Mohs  f     ^^^  1362-33 

AgO,SO«     6*341     Kanten  1952  8  366*66 

The  Nitrates  of  the  same. 

!  2-256    Kanten  1  r  473-35 

2-188    Marx  I      j^^^.j.  148807 

2096    Klaproth  f     ^^^^  ^  1509*50 

2*200    Kopp  J  1485-43 

AgO,N,Og    4-356    Kanten  2128-7        488*79 

Tlie  Chlorides  of  Sodium  and  Silver. 

NftPI  /^<>78    Kanten  \     ^oo-cc  /  353-01 

^*^'n«-1^0    Kopp  /     ^^^  134118 

r^'^^^Kll«ltfin  1  r32818 

AgCJ,^6-458y*^*"'®"  \     1794-3  -^328-76 

15*130    Herapath  J  1349-60 


S8 
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The  Molybdate  of  Lead j  the  Tungstates  of  Lead  and  Z 

r6-7        Gmdin  1  r342*£5 

Pb  O,  Mo  Oa^  6*698    Leonhard  [     2293  0     i  342-35 

16760    Mohs  J  1339-20 

'6040    Karsten  ^  r  304*50 


(6*040    Karsten  ^ 

6-676''  J 


1  305-11 
11 


329-86 


Olivenite  and  lAbethenite. 
Cu4  04,A8j05+2HaO     4*281    Bournon      36478        862-08 
Cu4  04.P2  05+2H,0{JJ)   Mohs  3100-1      {gJJiJI 

The  crystallized  Sulphates  ofZinCj  Magnesia  and  Nick 
ZnO^SO.+THsO      2036    Mohs  1791*8         880-06 

Mg0.80,+7H,O  {l:gi    MJJ.       y    ,,,«.,     {^4^ 

NiO,S03+7H,0      2*037    Kopp  1768*2        863-14 

The  crystallized  Sulpftates  of  Copper  and  Manganese. 

Ca0.80.-H6H,0{|f^   &,„      }     l^Z     {^\l 

r2095\,j^^„         1  r  720-63 

Mn  O,  S  O3+5  Hj  O  ^  2*087  /  ^^^^  [     1609*6      \  723*28 

11*834    Gmelin       J  1823-06 

7%^  Sulphate  and  Chromate  of  Potash. 

r  2*623    Karsten  1  f  416-97 

K  0,80,-^  2*636    Watson  [     1091-1      -^413*91 

12-662    Kopp  J  1409-87 

r  2*612    Thomson  1  r  476-39 

K0,Cr03 -^2-640    Karsten  V     1241*7      -^470-67 

L  2*706    Kopp  J  1469*04 

Diopside^  Hypersthene  and  Hed^bergite. 

(3F?2;I!:8:)    3-389    Mohs         46576  {  1374-3 

(sSastS)      3582    Breithaupt  4950-6  1388-1 

The  crystallized  double  Sulphates  of  Potash  or  Ammonia 
Alumina^  Peroxide  of  Iron  or  Oxide  of  Chromium. 

A1^0'lsUj)+^^"«^        1724    Kopp     6936-6        3443-4 
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P^q9j|q»)+24H,0        1712     Kopp         6009-7  3610-2 

Cr*(?'3So)+*^^«^         1-848    Kopp         62958         3406-8 

The  crystallized  double  Sulphates  of  Potash  or  Ammotiia  and 
Magnesia^  Copper^  Iron^  Manganese^  Cobalt^  ZinCj  Cadmimn 
or  Nickel. 

Thomson 


Mg  O,  S  O3  \  .  |.  „  n  /  1 721    Thomso 
N,llgO,sd,y  +  *"«^  11-696    Gmelin 

1*930    Thomson 


n,h;S:IS;)+«"«« 


2-153    Kopp 


J  2262-6 
2762-8 
2499-9 
2460-1 
2770-4 


j  13147 
\  13340 

1292-8 

/  1422-8 
\  14237 

1269-2 


1286-8 


Ni0.80.)^«„,o{|l»)Kopp 


KO,S< 


/2-lll> 
2-136> 

1*801    Thomson 
ipp 


^^•«    {Igf-I 


i  1*801    Thomson    ^  f  1373*6 

^•'^\  1 347^0     11387-4 

jlpatite^  Green  and  Brown  Lead  Ore. 

•,.P,0,)|3-26  )Naumann     1      ^y^.g     l^md 
13-226    Mohs  j  1 2133-3 


CaCI,-h3(C8,0, 

PbCl,+3(Pb,0,.P,0,){5; 
PbCI,+3{Pb,03,A8,0,){5:; 


0 
060 

•2 
208 


Naumann 
Karsten 

Naumann 
Mohs 


16964-6 
18607-9 


/  2423-5 
\  2406-3 
/  2584-5 
\  2681-6 


By  reference  to  the  table  now  given,  it  will  be  seen  that  our 
law  has  received  ample  confirmation ;  but  it  still  remains  to 
be  explained  why  the  atomic  volume  in  several  of  the  isomor- 
phous  groups  is  not  absolutely  equal. 

The  law  can  obviously  hold  only  for  those  bodies  which 
are  perfectly  isomorphous.  But  this  is  seldom  the  case,  for 
those  bodies  termed  isomorphous  are  generally  only  approxi- 
mately so,  for  we  find  the  angles  of  their  crystals  deviating 
several  decrees  from  one  another ;  neither  are  the  relations 
between  the  axes  of  bodies  thus  denominated  isomorphous 
perfectly  equal.    But  it  is  evident,  that  the  more  nearly  the 
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crystalliRe  forms  of  isomorphous  substances  are  identical,  the 
more  nearly  will  their  atomic  volumes  be  the  same.  The 
crystalline  condition  and  atomic  volume  stand,  however,  in  a 
certain  dependence  on  one  another,  which  I  will  endeavour 
to  prove  by  several  groups  which  have  been  more  closely  ex- 
amined. It  may  be  proper  to  remark,  that  the  crystallographic 
notation  employed  in  the  following  remarks  is  that  of  M. 
Naumann. 

It  is  said  that  witherite,  strontianite,  carbonate  of  lead, 
and  arragonite  are  isomorphous.  They  all  crystallize  in  rhom- 
boids, but  the  dimensions  of  their  angles  respectively  are  not 
perfectly,  equal.  If  we  consider  the  correct  atomic  volume 
from  each  of  these  bodies  as  that  deduced  from  the  mean  of 
the  views  already  stated,  and  compare  these  atomic  volumes 
with  the  proportions  between  the  axes^  the  following  is  found 
to  be  the  case : —  Atomic  volame. 

Ba  O,  C  O4  :  a :  b :  c  =  0'7413 :  1  :  0-5950 286*72 

Sr  O,  C  O,     0-7237  :  1  :  06096 255-5S 

Pb  O,  C  O4     0-7236 :  1  :  0-6100 269-SO 

Ca  O,  COg     0-7205  :  1  :  06215 213-48 

Or  we  may  also  compare  the  atomic  volumes  with  the  indivi- 
dual angles,  for  example  with  the  declinations  od  P  and  P  co  : 

•^  Atomic  volume. 

BaCCO^:  ooP  =  118°30'     P  00  =  286*72 

Sr  O,  C  Oj  :  117   16  108°  12*    255-53 

Pb  0,003:  117    14  108    13     259-50 

CaO,CO, :  116    16  108   27     213-48 

From  these  comparisons  it  is  shown  that  the  carbonates  of 
lead  and  strontia  are  perfectly  isomorphous:  their  atomic 
volumes  also  approximate  very  closely.  Again,  it  is  seen  that 
the  two  other  bodies  are  neither  isomorphous  with  one  another 
nor  to  the  former  minerals :  hence  we  find  that  their  atomic 
volumes  also  difier. 

But  it  is  also  apparent  that  an  increase,  of  atomic  volume 
for  this  group  must  be  followed  by  an  incriease  of  the  axis  a, 
and  a  decrease  of  the  axis  c\  or  according  to  the  augment»> 
tion  in  the  atomic  volume^ the  declination  ao  Pmust  become 
more,  and  the  declination  P  00  less  obtuse. 

If  one  of  these  crystals  (of  arragonite  for  example)  be  heated, 
its  density  becomes  less,  and  in  consequence  of  this  its  atomic 
volume  greater.  The  consequence  of  this  jnust  be  that  the 
declination  00  P  must  be  more  and  that  of  P  co  less  obtuse ; 
and  this  has  been  long  since  observed  to  be  really  the  case. 

But  the  relation  between  the  crystalline  form  and  the  atomic 
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volome  may  be  more  correctly  estimated  in  another  class  of 
carbonates. 

The  carbonates  of  zhic  and  magnesia,  mesitine,  the  car- 
bonates of  iron  and  manganese,  dolomite  and  calcareous  spar, 
are  a  group  of  bodies  which  possess  both  an  analogous  con- 
stitution and  an  equivalent  crystalline  form.  The  crystalline 
form  of  all  of  them  is  that  of  a  rhombohedron,  but  the  axes  a 
in  them  are  unequal  and  the  angle  R  different  If  we  adopt  the 
mean  of  the  observations  already  given  as  the  atomic  volume 
of  each  of  these  bodies,  we  find  that  the  axis  a  of  the  rhom- 
bohedron  increases,  that  the  angle  R  diminishes,  whilst  the 
atomic  volume  increases. 

Axis  a.  Angle  R.    Atomic  volume. 

Carbonate  of  zinc 0'80708  107'40'  175-33 

Carbonate  of  magnesia  0*81165  107  25  181*25 

Mesitine 0*81498  107  14  186*26 

Carbonate  of  iron 0*81962  107     0  188*50 

Carbon,  of  manganese    0*82182  106  51  202*29 

Dolomite    0*88312  106  15  202*36 

Calcareous  spar 0*85440  105  15  231*20 

We  wish  to  establish  a  connexion  between  the  length  of  the 
axis  a]  and  the  atomic  volume  of  a- body;  for  this  purpose  it 
is  natural  to  assume  the  atomic  volume  as  the  volume  or  the 
cubic  capacity  of  its  fundamental  form.  Accordingly,  in  the 
group  now  considered,  the  atomic  volume  (V)  must  be  pro- 
portional to  the  length  of  the  axis  a;  hence  we  have 

But  another  number  is  found  for^  in  every  body,  and  the 
cause  of  this  is  obvious.  It  is  supposed  in  this  formula,  that 
the  filling  up  of  the  space  in  the  rhombohedral  crystals  is 
equal  on  all  sides;  but  it  is  known  by  the  optical  characters 
of  these  crystals  that  this  is  not  the  case.  In  order  to  dis* 
cover  a  relation  between  a  and  V,  let  us  suppose 

We  seek  x  and  y  according  to  the  method  of  the  least 
squares  from  the  estimations  of  a  and  V  of  the  seven  different 
substances,  and  we  find 

X  =  4*739        y  =  0*0020417. 
The  relation  between  a  and  V  is  therefore 

^4.7  59  =  0*0020417  V. 
This  formula  coincides  very  exactly  with  the  observations^ 
And  as  the  greater  part  of  the  substances  in  their  natural  con- 
dition are  accompanied  by  impurities,  the  formula  may  be 
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employed  to  calculate  their  specific  weight  from  their  cryst 
line  form.  If  we  suppose  that  the  axes  of  the  bodies  alrea 
examined  are]  given,  we  deduce  the  atomic  volume,  and  fn 
it  the  specific  gravity. 

Atomic  volume.        Spec,  gravity. 

Carbonate  of  zinc 177'S7  4*3966 

Carbonate  of  magnesia...  182*18  2*9355 

Mesitine 185*75  S'S658 

Carbonate  of  iron 190*41  3*7585 

Carbonate  of  manganese  193*26  3*7377 

•    Dolomite 210*28  2*7755 

Calcareous  spar    232*36  2*7220 

From  the  difierences  occurring  between  the  specific  weij 
observed  and  calculated,  we  can  conclude  whether  the  si 
stances  found  in  their  natural  condition  are  rendered  impi 
by  substances  specifically  heavier  or  lighter;  but  with  ttic 
minerals  which  occur  in  a  state  of  purity,  the  specific  gravit 
ascertained  by  observation  and  calculation  approximate  vi 
closely.  In  the  case  of  dolomite  the  specific  weight  obtain 
by  experiment  is  always  greater  than  it  is  found  to  be  by  c 
culation ;  but  analysis  shows  that  it  is  always  rendered  impi 
by  the  oxides  of  iron  and  manganese.  The  carbonate 
manganese  is,  on  the  other  hand,  less  than  the  calculated  : 
suit,  but  it  is  always  mixed  with  carbonate  of  lime. 

From  what  has  now  been  brought  forward,  it  must  be  e 
dent  that  an  increase  of  atomic  volume  is  dependent  upon 
increase  of  the  axis  a.  The  application  of  heat  to  one  of  tb< 
crystals  must  decrease  its  density,  and  the  axis  a  must  be  < 
larged,  whilst  the  angle  R  will  be  rendered  less  obtuse. 

This  has  long  since  been  discovered  by  Mitscherlich.  T! 
chemist  has  accurately  determined  the  diminution  of  dens 
on  the  application  of  heat  to  calcareous  spar.  He  found  tl 
by  a  heat  of  1 00°  C.  ( 1 80°  F.)  its  specific  gravity  was  decreas 
in  the  proportion  of  1 :  y.^^^^y.  We  find  above  the  s[ 
cific  weight  of  calcareous  spar,  when  its  axis  a  =  0*854 
and  its  angle  R  =  105**  5'  is  2*7220.  By  heating  it  i 
100°  C,  therefore,  it  will  be  equal  to  2*71675,  or  its  aton 
volume  passes  from  232*36  to  232*80.  If  we  determine  I 
length  of  the  axis  a  by  means  of  the  formula  already  giv< 
we  find  it  =  0*85672,  corresponding  to  an  angle  R  of  IC 
57'  22".  According  to  this  calculation  the  change  in  the  an| 
R  by  100°  C  =  7'  37",  a  result  which  coincides  sufficien 
with  that  found  directly  by  Mitscherlich  (8'  34"),  when 
consider  the  difficulties  which  necessarily  accompany  the 
rect  measurement  of  the  dilatation  and  change  of  the  angle 
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XLIV.   Furthei*  Remarks  on  some  of  the  Circumstances  under 
which    Steam    developes  Electricity.       By  Dr.  Charles 

SCHAFHAEUTL*. 

"D  Y  repeating  the  experiments  described  in  the  February 
•*^  Number  of  the  Philosophical  Magazine,  p.  95,  of  holding 
the  glass  bell  against  the  jet  of  wet  steam,  it  frequently  happened 
that  the  water  dropping  down  from  the  edges  of  the  bell  flowed 
in  a  continuous  stream,  and  served  as  a  conductor  for  the  elec- 
tricity developed  within  it. 

In  order  to  obviate  this,  I  substituted  for  the  short  me- 
tallic jet  (the  opening  of  which  must  never  be  smaller  than- 
one-  sixteenth  of  an  inch  in  diameter)  a  flexible  leaden  tube  about 
ten  inches  long,  with  its  upper  end  bent  downwards  at  an 
angle  of  about  80^.  Now  in  consequence  of  this  arrangement 
I  was  enabled  to  place  the  glass  bell,  with  its  mouth  upwards, 
simply  upon  a  small  ring  on  the  table  under  the  opening  of 
the  jet,  and  the  bell  served  not  only  as  a  receiver  for  the 
steam,  but  likewise  for  the  separating  water. 

By  this  arrangement  an  o^ection  is  removed,  which  might 
have  arisen  in  respect  to  my  former  experiments,  viz.  Whether 
the  observed  electricity  did  not  arise  from  the  friction  of  the 
escaping  minutely  divided  water  during  its  striking  against  the 
glass  bell? 

Now  in  this  experiment  the  development  of  electricity  is 
the  same,  whether  the  issuing  steam  jet  strikes  against  the 

{(lass,  or  touches  only  the  surface  of  the  water,  which  is  col- 
ecting  in  it  during  repeated  experiments ;  neither  the  distance 
of  the  mouth  of  the  jet/rom  the  glass  or  the  water  surface  made 
the  slightest  difference  in  the  quantity  of  the  liberated  elec- 
tricity, a  proof  not  only  that  the  cause  of  the  electricity  is  not 
to  be  ascribed  to  friction,  but  likewise  that  a  sheet  of  water 
exerts  the  same  condensing  pow^r  in  respect  to  wet  steam  as 
the  solid  glass. 

The  fact  already  mentioned,  that  the  inside  of  the  glass 
bell,  when  discharged,  begins  slightly,  and  oflen  repeatedly,  to 
recharge  itself  again  after  the  steam  has  ceased  to  flow,  excludes 
all  possibility  of  explaining  the  phsenomenon  by  means  of 
friction,  but  the  electricity  observed  in  this  way  might  be 
ascribed  possibly  simply  to  evaporation  still  going  on  in  the 
bell  in  some  degree  after  the  steam  has  been  stopped.  I  there- 
fore frequently  poured  boiling  water  into  the  glass  bell,  and 
brought  it  into  connexion  with  the  electroscope ;  but  neither 
the  water  nor  tlie  steam  ascending  in  clouds  from  the  surfece 

*  Communicated  by  the  Author. 
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of  the  water  showed  the  slightest  traces  of  electricity.  It  ap- 
pears,  therefore,  that  steam,  the  caloric  of  which  is  derived 
from  the  water  from  which  it  separates,  developes  no  electricity. 

The  temperature,  for  example,  of  the  laboratory  during  one 
experiment  was  45°  Fahr.  The  temperature  of  the  issuinc 
wet  steam  at  a  distance  of  one-eighth  of  an  inch  from  the  mouth 
of  the  jet  was  1 50^ ;  at  three  inches  further  the  temperature 
of  the  steam  sunk  to  120^;  in  the  bell  itself  it  was  110^ ;  and 
the  collected  and  condensed  water  in  the  bell  measured  lOO^^ 
the  steam  escaping  from  this  water  showing  only  between 
60°  and  70°. 

The  temperature  of  the  steam  and  the  water  in  the  boilei 
was  under  a  pressure  of  thirty-two  inches,  of  course  about 
253^  After  opening  the  stop-cock,  the  water  released  par- 
tially from  its  pressure  was  converted,  till  the  stop-cock  wai 
shut  again  at  a  pressure  of  about  twenty-three  inches,  62*3  ol 
its  bulk  further  into  steam,  converting  the  mass  of  water  intc 
an  agglomeration  of  air-bubbles'*^,  which,  mixed  with  the  steam 
of  the  upper  part  of  the  boiler,  escaped  through  the  metallic 
tube.  During  its  expansion  in  the  air  the  free  caloric  of  the 
steam  became  latent,  which  was  immediately  replaced  by  the 
free  caloric  of  the  minutely  divided  water,  mixed  with  the  steam, 
so  that  the  temperature  of  this  jet  of  steam  must  be  of  course, 
notwithstanding  its  expansion,  far  higher  than  that  of  pure 
steam  escaping  under  an  equal  pressure;  and  this  faighei 
degree  of  heat  retained  in  wet  steam,  may  be  one  cause  of  its 
retaining  the  admixed  water  in  a  state  in  which  it  is  easily  and 
at  once  separable  by  striking  against  a  resisting  or  condensing 
medium,  as  glass,  water,  or  even  air,  at  which  moment  electri- 
city begins  to  become  developed. 

The  steam  separating  afterwards  from  the  condensed  water, 
has  at  the  same  time  its  own  quantity  of  caloric  derived  from 
the  heat  of  the  boiler;  and  instead  of  having  it  absorbed  from 
the  hot  water,  which  must  be  the  case  when  boiling  water  is 
poured  into  the  glass  bell,  it  has  rather  a  tendency  to  impart 
some  of  its  caloric  to  the  water. 

The  greatest  difficulty  is  to  explain  in  which  state  or  form 
the  water  exists  mixed  with  the  issuing  steam ;  whether  it  is 
suspended  in  it  as  minute  solid  water  globules,  or  as  minute 
hollow  ones,  as  Saussure  considered  them  to  exist  in  clouds, 
perhaps  similar  to  a  soap  bubble?  I  am  inclined  to  adopt 
Saussure's  opinion,  particularly  as  all  liquids  when  agitated 
with  gases  assume  finally  a  form  resembling  bubbles  filled 
with  gas.     When  water-gas  is  viewed  througn  a  microscope 

*  A  similar  effect  may  be  witnessed  daily  when  the  cork  of  a  soda-water 
bottle  is  drawn. 
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the  minute  vesicles  may  be  very  easily  distinguished  from 
water  globules  passing  at  the  same  time  through  the  field  of 
the  microscope,  the  former  disappearing  when  coming  in  con- 
tact with  eacn  other,  the  latter  uniting  in  one  larger  globule. 

M.  Fresnel  considered  the  theory  of  Saussure  as  inadmis- 
sible, because  the  air  surrounding  the  small  vesicles  must  be 
in  a  state  near  saturation,  and  therefore  he  thought  it  was 
scarcely  possible  that  the  envelope  of  these  little  globules  could 
be  of  an  equal  or  lesser  density  than  the  air  in  which  the  clouds 
are  suspended.  Further,  he  considered  the  swiftness  of  their 
movement  entirely  irreconcilable  with  their  vesicular  state, 
as  the  friction  caused  by  such  movement  through  the  air  would 
soon  set  them  at  rest.  Finally,  he  explains,  as  the  air  in  the 
vesicles  must  be  in  a  state  of  condensation,  as  it  has  to  resist 
the  tendency  of  the  water  molecules  to  unite  themselves  in 
a  drop,  the  globule  would  finally  disappear,  as  a  soap  bub- 
ble will  swiftly  diminish  and  disappear  when  the  tube  on  which 
it  is  suspended  is  removed  from  the  mouth.  But  this  latter 
case  only  takes  place  when  the  film  forming  the  soap  bubble 
is  very  uiick,  viz.  in  the  beginning  of  its  formation,  and  can 
possibly  only  occur  when  the  bubble  is  joined  to  a  tube,  which 
with  die  vesicles  in  the  cloud  is  certainly  never  the  case; 
but  when  the  bubble  is  once  formed,  every  child  knows  that 
it  will  stand  till  evaporation  or  concussion  causes  it  to  burst. 

The  rapid  movement  of  the  small  vesicles  of  water  is  for 
the  greatest  part  attributable  to  currents  of  air ;  and  as  there- 
fore their  velocity  is  equal  to  that  of  the  molecules  of  the  air, 
no  possible  friction  and  loss  of  velocity  can  arise  from  this 
circumstance. 

In  further  considering  the  equilibrium  of  the  cloud,  we 
must  not  only  bear  in  mind  the  single  vesicles  as  such,  but 
the  single  vesicle  surrounded  of  course  by  an  atmosphere  of 
air  and  water-gas  united  to  one  substantial  body,  viz.  the 
cloud,  and  forming  itself  by  exerting  forces  within,  as  molecules 
of  water  when  at  liberty  form  and  arrange  themselves  into  a 
shape  where  their  mutual  attractive  forces  are  in  a  state  of 
perfect  equilibrium.  Besides,  the  surrounding  air,  as  long  as 
the  cloud  swims  in  it,  can  only  be  in  a  state  of  saturation  on 
one  part  and  in  contact  with  the  cloud.  When  the  entire 
air  between  the  earth  and  the  clouds  is  near  saturation,  the 
clouds  begin  to  decompose  and  discharge  water. 

Fresnel  assumes  that  clouds  consist  of  minute  solid  globules 
of  water,  and  as  the  air,  in  their  intervals  and  therefore  in 
contact  with  the  globules,  is  easier  to  be  heated  by  radiation 
than  air  not  in  contact  with  solid  or  liquid  bodies,  he  ex- 
plams,  that  this  air  between  the  water  globules  is  of  a  much 
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higher  temperature  than  the  surrounding  air,  and  that  this 
heated  and  rarefied  air,  together  with  the  water  globules,  con- 
stitutes a  body  of  equal  or  less  density  than  an  equal  mass  ol 
the  surrounding  air.  But  if  we  take  into  consideration  the 
slight  expansion  of  gaseous  bodies  for  every  degree  of  the 
thermometer,  and  compare  the  very  great  difference  in  den- 
sity between  air  and  water,  and  therefore  the  mass  of  heat 
required  to  keep  only  a  small  quantity  of  water  in  suspension 
for  such  a  considerable  time;  further,  if  we  ask,  why  bv 
such  an  elevation  of  the  temperature  of  the  air  in  contact  witn 
the  water  globules  the  capacity  for  saturation  of  this  air  may 
not  increase  with  the  temperature,  and  the  minute  water  glo- 
bules be  not  converted  into  water  gas  again ; — all  these  cir- 
cumstances present  difficulties  almost  insurmountable  in 
adopting  this  theory. 

M.  Saigey  finallv  declares,  that  the  equilibrium  of  the  clouds 
is  only  apparent  i  that  the  minute  globules  of  water  in  the  cloud 
were  indeed  constantly  fallings  but  immediately  as  they  left 
the  cloud  were  again  converted  into  water-gas  by  touching 
the  surrounding  non-saturated  air,  which  rising  and  cooled 
down  again,  restored  again  its  water  to  the  cloud,  so  that  all 
these  clouds  were  constantly  losing  water  on  one  and  re- 
ceiving it  on  the  other  side.  This  explanation  can  only  be 
correct  under  certain  circumstances,  that  is  when  the  cloud 
is  near  its  decomposition.  The  sharp  definite  outlines  and  the 
circumscribed  forms  of  the  clouds  swimming  in  a  clear  and  dry 
sky,  prove  that  they  are  not  further  connected  with  the  cause 
of  their  origin;  besides,  their  swimming  so  long  in  the  air  un- 
altered in  rorm  during  very  widely  different  degrees  of  tem- 
perature, and  their  movement  often  in  different  directions 
coming  in  contact  with  each  other,  and  separating  a^ain  un- 
altered in  shape,  all  proves  too  well  their  substantiality,  or 
rather  their  individuality. 

XLV.  A  Suggestion  relative  to  Barrett's  Method  of  computing 
the  Values  of  Life  Contingencies.  By  A.  De  Morgan,  £5^. 
Professor  of  Mathematics  in  University  College*. 

'T^HE  method  of  calculating  the  value  of  life  contingencies, 
-^  which  is  called  after  Mr.  Barrett,  its  inventor,  has  been 
rapidly  coming  into  use  of  late  years,  and  is  well  known  by 
those  who  are  used  to  it,  to  save  much  the  greater  part  of  the 
time  and  labour  required  by  the  common  methods.  The  use 
of  this  method  will  be  much  extended  by  the  copious  tables 
published  by  Mr.  Jones  in  the  "  Library  of  Useful  Know- 
*  Communicated  by  the  Author. 
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led^"  where,  for  the  first  tiinei  we  see  tables  for  the  problems 
which  involve  two  lives. 

An  improvement  in  the  method  of  calculating  tables  for 
two  lives  has  suggested  itself  to  me,  which  I  have  no  doubt 
will  be  adopted  as  soon  as  proposed,  and  will  be  carried  into 
efiect  in  future  tables* 

If  a^  be  the  number  living  at  the  age  m,  and  v  the  value 

of  lA  due  in  a  vear,  the  construction  of  Barrett's  tables  (in 
the  improved  form  suggested  by  Mr.  Griffith  Davies)  is  as 
fellows:— 

with  other  results,  not  here  necessary  to  be  specified*  When 
we  come  to  construct  tables  for  two  lives  it  is  necessary  that 
the  column  answering  to  D^,  say  D    ^,  should  be  of  the  form 

a^a^tr,  where  ^  is  a  function  of  m  and  n,  which  increases 

by  a  unit  when  m  and  n  are  both  increased  by  a  unit  In 
Mr.  Jones's  tables,  k  is  the  greater  of  the  two,  m  and  n ;  I 
propose  that  it  should  be  the  half  sum  of  the  two,  thus : 

In  problems  in  which  the  order  of  survivorship  does  not 
enter,  I  do  not  see  any  particular  advantage  in  this  change; 
but  in  all  such  problems  there  is  a  decided  and  obvious  gain. 
At  present  two  formulae  must  be  used,  accordingly  as  the  life 
which  is  to  survive  the  other  is  elder  or  younger  of  the  two ; 
while  with  tables  calculated  in  the  manner  proposed  by  me, 
one  only  would  be  necessary.  And  even  supposing  that  no 
new  tables  were  calculated,  it  would  still  be  better  to  teach  the 
method  in  the  manner  I  propose,  while  two  very  simple 
transformations  would  reduce  any  result  to  those  which  the 
present  tables  require. 

For  example,  the  present  value  of  IL  payable  on  the  de- 
cease of  a  life  aged  y,  on  condition  that  a  life  a^ed  x  is  then 
subsisting,  according  to  the  method  I  propose,  is  in  all  cases 


D. 


«»y 


To  convert  this  into  the  common  method  (if  it  can  yet  be 
called  common,  as  far  as  two  lives  are  concerned)  the  rule  is, 

divide  every  term  of  the  form  N   „  or  D,  .by  v^^'"^^  or 

t;*  ^y^'\  according  as  a?  or  ^  is  the  greater.    If  then  a?  ^  1  be 
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greater  than,  or  equal  to  y^  the  preceding  result,  so  treated 
and  reduced,  becomes 

K 

while  if  ^  —  J  be  greater  than,  or  equal  to  w^  it  becomes 

These  results  agree  with  those  of  Mr.  Jones  (p.  176),  if  in 
the  formula  cited   N^      be  substituted   for  its  equivalent 

N      ,  .     1  —  D-  .,•     If  ever  the  time  should  arrive  when 

tables  of  this  sort  are  calculated  for  three  lives,  it  should  be 
by  the  formula 

ilif  tlf  P  tn    fl    p 

and  so  on.  In  such  a  case,  the  method  now  in  use  would 
become  intolerable,  from  the  large  number  of  cases  into 
which  different  orders  of  survivorship  would  require  formulae 
to  be  subdivided. 


XLVI.  Note  to  a  Paper  "  On  certain  points  in  the  Undulatofy 
Theory,  Sfc.'^  in  the  last  Number  of  the  Philosophical  Maga^ 
zine.  By  the  Rev.  Baden  Powell,  M.A^  F.R.S.f  ^c^  Sa^ 
vilian  Professor  ofQeometryy  Oxford*. 

IN  referring  to  the  establishment  of  the  principle  of  a  rela- 
tion between  the  symmetrical  or  unsymmetrical  arrange- 
ment of  the  setherial  molecules,  and  the  rectilinear  or  elliptic 
nature  of  the  vibrations,  I  was  led  at  the  su^estion  of  a 
friend  to  add  a  note  (p.  161)  while  the  paper  was  m  the  press, 
with  respect  to  the  share  which  M.  Fresnel  might  be  supposed 
to  have  in  disclosing  that  principle. 

Having  since  looked  more  closely  into  the  matter,  I  think 
it  right  to  take  this  opportunity  of  stating  the  result. 

Fresnel  devotes  a  section  of  his  admirable  Memoir  on 
double  refraction  to  the  consideration  of  the  mechanical 
theory  of  stherial  vibrations.  But  this,  though  characterized 
y  all  the  profound  ability  of  the  author,  is  discussed  almost 
entirely  in  general  terms,  and  the  results  are  not  connected 
with  any  mathematical  development  of  equations  of  motion. 

•  Communicated  by  the  Author. 
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He  has  considered  the  conditions  presented  by  difierent 
cases  oi  elasticity  of  the  aether  within  crystallized  and  uncry- 
stallized  media,  and,  in  particular,  traces  the  consequences 
of  a  supposition  of  this  kind  in  roodifyinff  the  formula  for 
waves  so  as  to  give  rise  to  elliptic  or  circular  polarization  in 
rock  crystal^  and  refers  to  a  peculiar  arrangement  of  the  vi- 
brating molecules  in  that  substance  as  influencing  the  right  or 
left-handed  direction  of  the  rotation*.  But  I  cannot  find  that 
he  took  up  such  an  idea  upon  any  more  general  grounds :  in 
other  woras,  I  think  he  cannot  be  said  to^have  shown  generally 
a  connexion  between  the  arrangement  of  the  molecules  of 
aether  in  space, — the  forms  assumed  by  the  differential  equa- 
tions accordingly, — and  the  consequent  rectilinear  or  elliptic 
character  of  the  vibrations.  I  am  still  of  opinion,  therefore, 
that  the  credit  of  first  establishing  such  a  general  relation  is 
due  entirely  to  Mr.  Tovey. 

Oxford,  March  10, 1841. 

XL VII.  Report  on  the  Memoir  on  Electric  Currents  in  Warm- 
blooded  Animals^  by  Prof.  Zantedeschi  and  Dr.  Favio,  pre* 
sented  to  the  Royal  Academy  of  Sciences  and  Belles  Lettres 
ofBrusselSy  on  the  Uh  ofAprU^  1840.  By  M.  CANTRAiNEf . 

THE  memoir  which  is  addressed  to  us  relates  to  electro- 
physiotogical  doctrines,  and  the  object  of  the  experiments 
which  Uiese  gentlemen  have  made,  is  to  ascertain  whether 
electric  currents  exist  in  warm-blooded  animals;  to  endeavour 
to  find  their  connexion  with  life;  their  intensity,  their  di- 
rection, their  number,  and  in  what  way  they  may  be  disco- 
vered. Electricity,  whether  considered  as  the  cause  of  the 
phsenomena  of  life,  or  as  the  special  and  intimate  effect  of  life, 
is  in  some  measure  a  jiew  subject :  few  persons  have  attended 
to  it ;  the  difficulties  also  which  surround  such  researches  are 
numerous,  and  we  must  acknowledge  with  the  authors,  that 
in  this  case  the  concurrence  of  natural  philosophy  and  the 
medical  sciences  is  indispensable,  as  much  on  account  of  the 
apparatus  which  should  be  used,  as  for  the  perspicacity  ne- 
cessary to  penetrate  into  the  mysteries  of  the  vital  organism. 

These  gentlemen  set  out  with  the  principle  enunciated  by 
Pucinotti  and  Paciuotti,  the  learned  Professors  of  Pisa,  which 
is  based  upon  the  experiments  and  the  observations  also  made 
by  those  Professors.  It  maintains  that  in  living  animals  there 
exists  an  electro-vital  or  neuro-electric  cutrent^  the  character  qf 

•  J^few. /fwrtf .,  vii.  p.  74. 

t  From  the-  Bulletin  de  tAeademie  Royale  de$  Scienoei  et  Bella  Lethn 
of  Bruneli^  1840,  No.  8.  p.  43;  Seance  dn  !«'  Ao^ 
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which  is  thai  it  is  the  effect  of  a  vital  reaction^  XDhether  anatomical 
or  voluntary^  and  that  it  is^  if  not  the  cause  oflife^  at  least  that 
immediate  and  special  effect  which  life  alone  can  produce  and 
maintain ;  that  this  current  may  be  discovered  (sond6)  and  oIh 
tained  in  a  manner  more  or  less  evident^  according  to  the  ncOure 
of  the  metals  and  the  form  of  the  instruments ;  that  it  proceeds 
in  the  direction  of  from  nerve  to  muscle  i  that  it  is  intimately 
connected  with  the  energy  and  wit/f  the  physiological  changes  of 
life;  that  it  has  nothing  in  common  with  the  electro^hmical 
and  thermo-electrical  curretits;  that  the  convulsive  movements 
of  animals  augment  it,  whilst,  on  the  contrary,  pain  weakens  if; 
Uiat  the  same  difference  exists  with  it  as  between  animal  life 
and  organic  life,  follcnaing  thus,  in  thejlrst  case,  the  phases  of 
animal  life  and  dying  with  it;  and  in  the  second  case,  still  ex^ 
isting  so  long  as  ofganic  life  can  endure,  although  animal  life 
has  ceased.  The  current  which  is  obtained  from  or^nic  life 
was  named  by  the  Professors  of  the  University  of  Pisa,  the 
cardiac  current. 

From  this  corollary,  we  might  be  led  to  see  in  this  electro- 
physiological doctrine  much  analogy  with  that  of  the  electro^ 
vitalists.  The  difference,  however,  is  very  great ;  the  authors 
of  this  memoir,  recognizing  the  vital  force  as  a  primitive  force, 
by  which  matter,  obeying  the  common  laws  of  nature  by  its 
intrinsic  virtue,  changes  into  animated  matter. 

The  authors  having  proved  that  the  force  of  the  neuro*elec- 
tric  current  depends  upon  the  nature'of  the  metals  which  are 
employed,  made  use  of  iron,  then  of  silver  instruments;  they 
propose  however  trying  those  of  platina.  The  results  which 
they  give  are  obtained  then  with  iron  and  silver  instru- 
ments. 

The  apparatus  necessary  for  the  experiment  consists  of  a 
galvanometer,— -of  two  metallic  stylets,  which  are  also  caUed 
sounds  or  rgophores  (whether  they  are  of  iron,  of  silver  or  of 
platina),  soldered  metallically  to  the  two  extremities  of  the  con- 
ducting wire  of  the  galvanometer,^— and  of  a  living  animal. 

The  galvanometer  is  placed  in  an  isolated  spot  and  far  from 
anything  composed  of  metal,  particularly  of  iron ;'  it  is  fixed 
where  it  neither  undergoes  joffs  or  shocks.  At  a  little  di- 
stance from  this  galvanometer  sliould  be  a  kind  of  small  coffer 
rather  shallow,  made  entirely  of  wood  and  without  an  atom 
of  iron ;  a  living  animal  is  slightly  fastened  in  this  cofier, 
which  is  brought  into  the  circuit  of  the  galvanometer  in  the 
following  manner : — 

One  of  the  metallic  stylets  which  were  just  mentioned,  and 
which  should  be  furnished  with  an  insulating  handle,  is  sud- 
denly plunged  {plonge)  into  some  part  of  the  living  animal, 
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t  into  another  part  of  the  same  animal  is  plunged  {en^ 
)  another  stylet  formed  like  the  preceding  one,  and  like 
nished  with  an  insulating  handle.  It  is  understood  that 
eans  of  the  interposition  of  the  animal,  the  circuit  of  the 
nometer  is  thus  complete. 

the  moment  when  the  two  stylets  are  plunged  (enfonci) 
iie  two  parts  of  the  animal,  there  is  disengaged  from  the 
Qt  of  animal  life,  by  the  effect  of  a  yitai  reaction,  an  elec- 
urrent,  which,  diverted  from  its  natural  conductors  by  die 
nee  of  the  metallic  body  which  is  plunged  into  the  or- 
;  substance,  directs  itself  along,  the  stylets  and  the  wire 
actors  which  are  soldered  to  them,  so  as  to  complete  the 
it  by  the  same  wires  and  in  the  animal  parts  which  are 
losed :  thus  in  this  circuit  the  current  bavins  to  pass 
the  multiplicator  of  the  galvanometer,  the  deviations 
1  take  place  in  the  magnetic  needle  of  this  instrument 
Ate  its  intensity  and  direction. 

lis  is  the  explanation  which  the  authors  have  thought 
T  to  give  as  well  of  the  operation  as  of  the  very  simple 
-atus  which  serves  for  it.  This,  however,  is  not  all  which 
d  concur  to  ensure  the  result  of  the  experiments ;  there 
till  some  circumstances  which  exert  a  great  influence 
it,  such  as  the  perfection  of  the  galvanometer,  the  na- 
>f  the  metal  of  which  the  instruments  are  made,  the  ho- 
neity  of  the  stylets,  every  intervention  of  chemical  sub- 
es,  the  nature  of  the  season,  the  state  of  the  atmosphere, 
tainful  preparations  of  the  animal,  its  organic  develop- 
as  well  as  its  age,  and  lastly,  its  greater  or  less  degree  of 
Mlity,  &c. ;  conditions  which  might  appear  too  nume« 
to  allow  us  to  hope  anything  from  similar  researches,  if 
3suits  already  obtained  did  not  show  the  contrary. 
te  authors,  considering  the  existence  of  electric  cur- 
in  warm-blooded  animals  as  sufficiendy  proved,  ask  if 
should  call  them  vital,  and  supposing  that  this  name 
d  be  given  them,  what  should  be  understood  by  vital 
9/?  They  adopt  the  whole  definition  which  MM.  Puci- 
and  Padnotti  have  given  of  it,  and  which  I  quoted  above; 
also  adopt  for  the  time  being  the  denomination  of  electro- 
current. 

sides  this  electro^tal  current,  they  have  verified  in  the 
animals  two  other  currents  which  had  been  mentioned 
e  Professors  of  Pisa ;  the  one  is  the  common  electro^hemi- 
irrent ;  the  second  the  thermO'electric.     The  first  is  di- 

into  the  common  electrO'Ckemical  current^  properly  so 
1,  and  the  vital  electrochemical  current ;  this  is  the  cur- 
which  is  supposed  to  proceed  from  the  intimate  chemism 
//.  Mag.  S.  3.  Vol.  18.  No.  117.  April  1841.         T 
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{i:himisine)  of  the  organic  and  animal  life  which  resides  in 
substance  of  the  organs  and  tissues. 

In  order  to  distinguish  these  currents,  they  apprise  us 
we  should  not  take  as  the  electro-chemicaT  current  in  rda 
with  life,  that  which  is  obtained  by  sounding  {sondant)  the 
ferent  products  and  the  different  secretioos  of  the  organs ;  s 
a  current  is  named  the  common  electrochemical^  whilst  th< 
tal  electro-chemical  current  is  that  which  is  developed  in 
internal  animal  chemism,  which  is  not  subject  to  the  conu 
chemical  laws;  a  current  which  they  are  not  willing  to  i 
pose  to  be  the  cause  of  life,  but  which  may  be  r^arded  as 
special  effect  which  life  alone  can  produce. 

By  this  it  is  evident  that  the  common  electro-chemical  < 
rent  is  obtained  by  simply  placing  the  stylets  in  contact  \ 
the  secretions^  or  with  the  surfaces  of  the  organs  moistc 
with  heterogeneous  products. 

The  second,  on  the  contrary,  is  only  obtained  by  p^ie 
ting  with  stylets  even  into  the  intimate  assemblage  of  the 
ganic  tissues,  and  by  exciting  in  them  a  strong  reactioi 
means  of  this  deep  perturbation. 

Consequently,  if  we  look  upon  this  last  current  eithc 
drawing  its  origin  from  the  chemical  and  proper  action  ol 
on  matter,  or  as  the  index  and  the  measure  of  this  ac 
principle,  ^ent  of  life,  whether  it  be  oonsid^^  chemic 
in  the  first  case,  whether  it  be  considei^  physiologicall 
the  second,  we  must  always  conclude  that  the  vital  elet 
chemical  current  either  is  the  same  thing  as  that  which 
been  called  neuro-electricy  or  electro^'oital;  or  even  if  a  di 
ence  i^ould  exist  between  them,  in  the  present  stale  of  [ 
sical  and  physk>k>gical  knowledge,  we  cannot  point  out  y 
certainty  any  character  which  distinguishes  them. 

The  third  kind  of  current  arises  from  the  different  de| 
of  temperature  of  the  different  parts  of  the  animal  whk 
subjected  to  the  operation.  It  is  for  this  reason  that  the  n 
of  thermo-electric  current  has  been  given  to  it.  It  is  der 
from  nothing  else  but  a  disturbance  of  calorific  equilibri 
on  this  account  it  is  reckoned  amongst  the  pbaettomen 
matter,  and  has  no  essential  connexicHi  with  life.  Besi 
this  current  is,  so  to  say,  null  or  of  very  small  importa 
since  ph3rsicists  have  proved  that  the  temperature  of  anu 
is  nearly  equal  in  every  part  of  their  system. 

Tlie  autnors  again  inform  us  th^t  the  deviations  of 
needle  of  the  galvanometer  indicating  the  cuirents,  wen 
ways  measured  by  them,  reckonmg  irom  the  first  excur 
which  the  needle  makes  at  the  nioment  when  the  second  s( 
is  thrust  in,  that  is  to  say,  at  the  moment  whai  the  ciicv 
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completed;  which  being  closed,  the  needle  never  returned  to 
its  first  position,  but,  on  the  contrary,  it  always  kept  itself  at 
a  distance  all  the  time  that  the  experiment  and  the  deviation 
lasted,  according  to  a  fixed  or  certain  mark,  sometimes  of 
three^  sometimes  of  four,  of  seven,  and  even  of  fifteen  degrees* 
Twenty-seven  experiments  are  described  in  this  memoir:  the 
authors  sum  up  tiie  results  of  them  in  five  propositions,  which 
are  the  following: — 

Prop.  1.  In  warm-blooded  animals  there  is  an  electro-vital 
or  newro-eleclric  current^  which  we  will  call  external  or  cuta^ 
neousj  which  is  found  in  the  cutaneous  tissue^  and  directs  itself 
constantly  from  the  extremities  to  the  cerebro-spinal  axis  by 
means  of  the  galvanometer.  The  intensity  of  this  current,  ac* 
cording  to  the  experiments  which  have  been  made,  is  generally 
greater  with  stylets  of  iron  than  with  those  of  silver  • 

Six  experiments  support  this  proposition. 

Prop.  2.  In  warm-blooded  animals  there  is  cm  electro-vital 
cnrrentj  which  goes  from  the  cerebrospinal  cms  to  the  internal 
organs  situated  beneath  the  skin ;  for  this  reason  we  will  call 
it  electro-vital  internal  current.  By  means  of  the  galvanometer 
we  see  that  it  is  constantly  directedjrom  the  cerebrospinal  axis 
io  the  other  viscera,  or,  if  you  will,  from  the  nerve  to  the  muscle^ 
The  intensity  of  the  internal  current  is  in  general  greater  with 
the  iron  stylets  than  with  those  of  silver. 

Eight  experiments  served  to  establish  this  proposition. 

Prop.  8.  The  electro-vital  current  in  warm-blooded  animals 
grows  weaker  in  proportion  as  it  comes  less  from  life:  death 
havir^  taken  place,  it  proceeds  in  an  opposite  direction  io  that 
in  which  it  was  directed  during  life. 

This  proposition  rests  upon  eight  experiments. 

Prop.  4.  Pain  weakens  or  suspends  the  electro-vital  current; 
it  even  changes  the  direction  of  it  if  it  is  very  great.  The  vo- 
luntary or  convulsive  automatic  movements  give,  on  the  contrary, 
a  very  strong  current,  which  may  be  named  discharge  of  current. 

A  single  experiment  appeared  sufficient  to  the  authors  to 
establish  this  proposition. 

Prop.  5.  The  electro-vital  current  either  cannot  be  discovered 
or  measured,  or  does  not  realfy  esHst  in  the  different  parts  of 
the  same  viscus :  it  is  very  feeUe,  and  perhaps  it  is  even  nutt 
from  viscus  to  viscus. 

Four  experiments  support  this  proposition. 

The  experiments  which  have  served  to  establish  each  of  the 
five  propositions  are  followed  by  summary  annotations  of  the 
authors.  Although  they  appear  to  me  to  be  very  interesting 
for  one  who  is  occupied  in  such  researches,  I  did  not  think  it 
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right  to  translate  them,  in  order  to  avoid  making  the  repo 
as  long  as  the  memoir  itself. 

Such  are  the  conjectures  which  the  authors  have  thougi 
they  might  publish,  and  which  new  experiments  will  come 
destroy  or  corroborate.  They  have  described  them  witho 
any  sectarian  spirit,  and  only  as  physiological  hypothesi 
which,  if  they  are  found  not  unworthy  of  mature  examinatio 
may  serve  as  guides  for  new  experiments. 


XLVIII.     Notices  of  the  JRestdts  of  the  Labours  of  Continent 
Chemists.    By  Messrs,  W.  Francis  and  H.  Croft. 

[Continued  from  p.  212,"] 

Black  Substance  from  Sulphuric  Acid  and  Alcohol. 

THE  natureof  the  peculiar  black  substiemce  originating  fro 
the  action  of  sulphuric  acid  on  alcohol  was  first  point 
out  by  <)•  Z.  Erdmann,  who  concluded  from  his  experimei 
that  it  was  composed  of  a  substance  nearly  approaching  the  fc 

mula  C***  H**  O  S,  and  of  an  incombustible  residue  consistii 
of  sulphatic  salts.  Subsequently,  L.  Lose,  who  had  obtain 
this  substance  whilst  preparing  the  issethionic  salts,  was  i 
duced  to  examine  it,  and  obtained  somewhat  different  resul 

leading  to  the  formula  27  C  21  H  6  O  s!  The  differen 
between  these  results  and  those  of  Prof.  Erdmann,  M.  Lc 
attributes  to  a  portion  of  the  substance  being  subtracted 
fixed  salts,  thus  giving  rise  to  a  smaller  amount  of  sulpfa 
and  a  larger  amount  of  carbon  and  hydrogen.  Recently  J 
Erdmann  has  made  known  some  new  researches  on  this  su 
ject;  and  since,  as  far  as  we  are  aware,  no  notice  has  appear 
in  England  of  the  former  inquiries,  we  shall  make  our  pi 
sent  extract  rather  full. 

It  was  prepared  in  the  first  instance  by  heating  six  pa 
of  fuming  sulphuric  acid,  which  left  but  a  slight  residue 
evaporation,  with  one  of  alcohol  of  0*83  sp.  gr.  in  a  ret< 
till  the  evolved  gas  was  no  longer  combustible ;  the  resid 
then  frequently  treated  with  boiling  water  of  ammonia,  and 
last  washed  with  boiling  water  till  tne  filtrjated  liquid  no  long 
evinced  the  presence  of  sulphuric  acid.  Dried  in  pieces  it  fa 
the  appearance  of  coal,  and  is  difiicult  to  pulverize.  On  coi 
bustion  it  left  behind  a  very  small  residuum,  which  dissolv 
easily  in  nitric  acid,  and  gave  a  slight  precipitate  with  t 
chloride  of  barium.  The  substance  dried  by  exposure  to  t 
liir  gave  off  much  water  on  being  heated.    Desiccation  w 
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lected  in  vacuo  at  1  S0°-1 50°  C.  It  does  not  decompose  even 
i  1 70^  C.  Hess's  apparatus  was  employed  for  the  analysis. 
'he  substance  was  placed  in  a  weighed  glass  capsule  of  the 
\Tm  of  a  boat,  this  fixed  in  the  tube  between  two  coils  of  fine 
latinum  wire  to  prevent  its  coming  into  contact  with  the 
dde  of  copper,  so  that  the  weight  of  the  incombustible  re- 
due  might  be  determined.  Between  the  tube  containing 
\e  chloride  of  calcium  and  the  apparatus  for  the  potassa, 

tube  with  oxide  of  lead  was  inserted,  but  no  sulphurous 
:id  appeared  to  be  formed.  To  determine  the  sulphuric  acid 
le  substance  was  burnt  with  a  mixture  of  nitre  and  carbonate 
'soda.  Mean  of  the  experiments  C  66-11,  H  8*78,  S  8*92, 
>  21']  9.  It  was  then  prepared  according  to  the  method  em- 
oyed  by  M.  Lose,  by  passing  alcoholic  vapours  into  heated 
iming  sulphuric  acid,  and  purified  as  above.  The  product 
as  similar,  and  likewise  left  an  incombustible  residue,  which 
OS  determined  in  the  same  manner.     The  analysis  gave 

64*30,  H  3*38,  S  7*49,  O  24*88.  It  was  further  prepared 
J  boiling  pure  distilled  sulphuric  acid  with  alcohol ;  when 
e  mass  began  to  thicken  from  the  formation  of  the  coaly  sub* 
ance,  the  experiment  was  interrupted  and  a  portion  was  re- 
oved,  and  cleaned  by  boiling  with  ammonia  and  water;  the 
€ond  portion  was  so  long  exposed  to  a  temperature  of  180^  C« 
1  the  evolved  gas  was  no  longer  combustible,  and  appeared 

consist  solely  of  sulphurous  and  carbonic  acids;  it  was  then 
Eished  and  dried.  Both  products  had  the  same  appearance, 
id  were  subjected  to  analysis,  the  mean  of  which  =  C  66*BS^ 
L4-S5,  S8-S8,  021-49. 

On  treating  the  substances  which  had  been  employed  in 
e  preceding  experiments  with  a  solution  of  caustic  potash, 
ey  all  evolved  such  considerable  quantities  of  ammonia  that 
lis  could  only  be  regarded  as  adhering  mechanically  to  them. 
he  treatment  with  potassa  was  continued  at  the  boiling  point 
i  no  smell  of  ammonia  was  perceptible,  and  the  residues  were 
ten  washed  with  boiling  water.  On  combustion  they  now 
ft  considerable  quantities  of  sulphate  of  potash.  The  black 
ibstance  can  therefore  combine  with  bases,  and  the  residue 
und  by  Erdmann  in  his  previous  analyses  of  the  substance, 
hich  had  been  treated  with'  potash  to  remove  the  sulphuric 
id,  was  evidently  sulphate  of  potash.  Although  the  ana- 
ses  communicated  were  made  with  ammoniaferous  products, 
id  cannot  consequently  give  the  correct  composition  of 
e  black  acid,  yet  as  they  had  all  been  treated  in  the  same 
ly  with  an  excess  of  ammonia  they  should  evince  a  coinci- 
^nce  did  the  black  substances  possess  a  constant  composi- 
m.    But  this  is  not  the  case.    The  products  obtained  by 
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boiling  sulphuric  acid  with  alcohol,  appear  to  difier  accordin 
to  the  duration  of  the  action  and  temperature:  thus  one  pn 
duct  washed  solely  with  water  gave  63*8  C,  and  8*3  H ;  ai 
other  gave  64*3  C,  and  2*4  H.  At  last  it  was  obtained  firoi 
three  preparations  of  the  same  composition,  by  boiling  eigl 
to  ten  parts  concentrated  sulphuric  acid  with  one  of  absolat 
alcohol  in  a  sand  bath  at  180°  C.  till  the  mixture  had  lost  a 
fluidity.  The  mass  was  then  washed  with  water  till  the  fi 
tered  liquid  gave  no  precipitate  with  chloride  of  bariun 
The  free  acid,  which  most  reddens  litmus  paper,  as  we 
as  the  potash  salt,  were  analysed.  Acid  =  C  67*66,  H  3*S^ 
S  6'65y  O  22*35.  Potash  salt  =  C  59-78,  H  2*91,  S  5*7< 
0  20*26,  Ka  11*35.  Treatment  with  ammonia,  acetate  « 
lead,  chloride  of  barium,  gave  no  definite  salts.  Erdmai 
calls  it  thiomelanic  acid,  and  observes  that  the  coinciden< 
between  the  found  and  calculated  results  gives  to  the  formu 
advanced  (Cs®  H*»  S»  O^)  a  high  degree  of  probability,  bi 
that  no  especial  value  cap  be  placed  in  it,  as,  with  the  exce] 
tion  of  the  agreement  in  composition  of  the  substance  fro: 
three  different  preparations,  there  is  no  surety  for  its  purit; 
On  employing  a  higher  temperature  than  the  one  stated,  as 
on  heating  the  mass  till  it  began  to  solidify,  a  product  wi 
obtained,  the  composition  of  which  was  essentially  difierent. 
For  the  sake  of  comparison  the  black  substance  was  e: 
amined,  which  is  formed  from  the  action  of  sulphuric  acid  c 
pyroxylic  spirit,  but  the  composition  of  the  substance  ol 
tained  proved  to  be  very  different  from  that  of  die  thioim 
lanic  acid,  viz.  67*14  C,  173  H,  1-40  S,  29*73  O.  {Jaum 
fur  praktische  Chemie,  voL  xv.  p.  1. — Poggendaiff's  Annate 
vol.  xlvii.  p.  619.) 

Action  of  Chlorine  on  Animal  Substances. 

M.  Mulder  has  continued  his  researches  on  the  action  • 
chlorine  on  animal  substances.  Albumen  (from  eggs)  w; 
mixed  with  water,  filtered,  and  submitted  to  a  current 
chlorine ;  very  shortly  white  flocks  were  formed,  which  gr 
dually  increased;  the  precipitate  was  put  into  a  filter  ai 
edulcorated ;  it  appeared  to  be  somewhat  soluble  in  watc 
It  was  dried  at  80<>,  at  which  water  was  driven  off,  and 
shrunk  together;  became  white  with  a  trace  of  yellow;  it  w 

then  dried  at  100° C.  FormulaC*«H^^N»«0'%  CL     The  san 

compound  was  obtained  by  the  action  of  chlorine  on  amm 
niacal  solutions  of  casein  and  fibrin.  Mulder  calls  it  protei: 
chlorous  acid.  The  fluid  from  which  this  new  substance  h 
been  separated  contains  hydrochloric  and  chlorous  acid 
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hence  water  must  have  been  decomposed ;  the  chlorous  acid 
produced  combined  direct  with  the  protein.  The  fluid 
contains  a  little  of  a  brown  matter,  probably  humin,  but 
in  very  small  quantity.  Proteinchlorous  acid  is  straw-yel- 
low,  has  a  greasy  feel,  like  proteinsulphuric  acid,  insoluble 
in  alcohol  and  aether,  almost  so  in  water;  soluble  in,  without 
colouring,  strong  sulphuric  acid ;  by  water  white  flocks  are 
precipitated.  Nitric  acid  dissolves  it  at  ordinary  tempera- 
tures in  the  course  of  some  days  and  forms  xanthoproteinic 
acid.  Soluble  in  cold  hydrochloric  acid;  does  not  form 
hnmin  as  protein  does.  Soluble  in  baryta  water ;  the  solu* 
tion  gives  precipitates  with  nitrate  of  copper  and  zinc.  Solu- 
ble in  ammonia,  with  evolution  of  nitrogen ;  when  evaporated 
leaves  a  residue  soluble  in  hot  water;  from  this  solution  al- 
cohol precipitates  a  new  organic  matter,  which  is  soluble  in 
cold  water;  it  must  be  washed  with  alcohol  and  dried  at  ISO^; 
it  is  called  oxyprotein.  It  is  a  yellow  powder,  and,  although 
often  treated  with  boiling  alcohol,  generally  contains  a  little 
chlorine.  Formula  C^H^N»oO>^  Oxyprotein  is  easily 
pulverizable;  of  an  amber-yellow  colour;  heavier  than  water; 
soluble  therein;  almost  insoluble  in  alcohol,  quite  so  in  aether ; 
soluble  in  hot  sulphuric  and  hydrochloric  acids ;  changed  by 
nitric  acid  into  xanthoproteinic  acid ;  soluble  in  potash,  soda, 
ammonia  and  baryta  water,  and  the  solutions  give  no  precipi* 
tate  with  ferrocyanuret  of  potassium ;  sulphuric  acid  gives  a 
white  one,  soluble  in  the  heated  solution.  Solution  of  galls 
gives  a  precipitate :  nitrate  of  silver,acetate  of  lead  and  copper, 
and  chloride  of  iron  are  precipitated  by  it.  The  copper  salt  is 
C«o  H»««  N^  O'*.  Cu  O,  probably  (C^  »«  N»o  0»,  Cu  O) 
+  (O  H««  Nio  0'4  -f-  H«  O).  Proteinchlorous  acid  forms  a 
peculiar  salt  with  baryta :  the  precipitates  produced  in  me- 
tallic solutions  by  this  salt  have  been  analysed,  but  their  com- 
position is  as  yet  doubtful.  Mulder  calls  them  chloroxy- 
proteates.   {Arinalen  der  Chemie  und  Pharmacie,  xxxvi.  p.  68.) 

When  ha^matin  is  treated  with  chlorine  it  becomes  white; 
all  iron  is  extracted  and  remains  in  the  solution  with  hydro- 
chloric acid  and  a  little  organic  matter. 

The  white  flocks,  when  dried  at  100°,  still  smell  of  chlo- 
rous acid,  their  formula  is  C**  »*  N«  O^  Cl>«= C**  H  N^  CM 
+  6  (C^  O'),  or  one  atom  of  hsematin  and  six  of  chlorous  acid. 

The  new  compound  is  light  yellow,  insoluble  in  water,  so- 
luble in  alcohol  and  aether.  Dissolved  by  strong  sulphuric 
acid,  decomposed  by  heating,  and  sulphurous  acid  is  evolved. 
Soluble  in  ammonia  with  evolution  of  nitrogen;  soluble  in 
potash  and  soda  with  reddish  colour. 

Xanthoproteinic  acid  is  prepared  by  acting  on  several  pro- 
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tein  compounds  with  nitric  acid ;  the  dried  product  must  b 
often  treated  with  water  and  boiling  alcohol.  It  was  dis 
solved  in  ammonia,  evaporated,  dissolved  acain  in  water,  an( 
the  solution  treated  with  chlorine :  the  red  colour  graduall; 
disappeared,  and  a  whitish  or  yellowish  flocculent  precipi 
tate  was  produced,  which  when  washed  and  dried  at  100^  i 

lemon-yellow   coloured.       Formula  C^^  H'°°  N'^  C>«  C^    o 

2  (O*  H^«  N«  0>2  +  H«  O)  +  Cl«  Ok  Heated  above  100°  i 
loses  water  and  some  chlorous  acid.  With  ammonia  i 
evolves  nitrogen ;  if  the  fluid  be  evaporated  and  the  sal-am 
moniac  extracted  with  alcohol,  the  yellow  acid  remains. 

When  xanthoproteinate  of  ammonia  is  heated  to  140^  th 
ammonia  is  driven  oif,  and  the  hyd rated  acid  remains.  For 
mula  O*  H^o  N«  0»'  =0^*  H*'  N«  0»*  +  H^  O. 

Action  of  Potash  and  Soda  on  Indigo — Anilin. 

M.  Fritzsche  has  found,  that  when  finely-powdered  in 
digo  is  thrown  into  a  hot  and  very  concentrated  solution  c 
caustic  potassa  or  soda  contained  in  a  retort,  the  blue  colou 
is  destroyed  and  a  reddish-brown  mass  produced,  containinj 
a  peculiar  acid;  when  this  is  still  further  heated,  a  vola 
tile  body  is  ^ven  off*,  which  condenses  in  the  neck  of  th 
retort  into  oily  drops,  and  ammoniacal  water  distills  ovei 
By  re-distillation  this  oil  may  be  obtained  colourless ;  it 
quantity  is  about  18  or  20  per  cent,  of  the  employed  indigo 
he  calls  it  anilin.  Specific  gravity  1*028;  refracts  light  poiw 
erfiilly,  and  has  a  strong  aromatic  but  at  the  same  time  dis 
agreeable  smell ;  is  but  little  soluble  in  water ;  mixes  in  all  pro 
portions  with  alcohol  and  stiier.  Exposed  to  air  anilin  be 
comes  yellow,  and  at  length  is  metamorphosed  into  a  resin 
Boils  at  228°  C.  It  dissolves  sulphur.  Anilin  contains  n< 
oxygen;  its  formula  isC'«H>*N*.  Atomic  weight  1181  •€ 
It  forms  salts  with  acids ;  with  the  oxyacids  it  combines  aD< 
takes  up  one  atom  of  water ;  with  the  hydracids  it  unites  di 
rectly ;  in  this  respect  it  is  similar  to  ammonia.  Oxalate  o 
anilin  is  formed  when  alcoholic  solutions  of  anilin  and  of  ox 
alic  acid  are  mixed  together;  it  is  a  white  powder,  which  is  t 
be  washed  with,  alcohol,  and  then  dissolved  in  hot  water,  fron 
which  it  separates  on  cooling  in  long  crystals.  Formula  C' 
H**  N*  +  C«  03  +  H'  O.  {Annalen  def^  Chemie  und  Phar 
maciey  xxxvi.  p.  84>.) 

Hydrochlorate  of  anilin  is  obtained  by  mixing  anilin  wit! 
hydrochloric  acid  and  re-crystallization  of  the  salt,  which  i 
easily  soluble  in  water,  O*  ri>*  N«  +  Cl^  H\ 

Other  salts  have  been  formed  but  not  examined ;  the  ac 
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tion  of  iodine  and  nitric  acid  seems  to  be  very  interesting,  but 
has  been  as  yet  so  superficially  examined,  that  it  is  of  no  use 
making  any  extract.  In  a  note  to  the  above  treatise,  Prof. 
Erdmann  states  it  to  be  very  probable  that  anilin  is  nothing 
more  than  Unverdorben's  krystallin.^ 

Palmitic  Acid  from  Palm  Oil. 

By  saponifying  palm-oil  with  potassa^  Fremy  obtained  two 
acids,  one  of  whicn  he  calls  palmitic  acid;  it  is  volatile:  by 
the  distillation  a  very  small  quantity  of  oil  is  produced, 
from  which  it  may  be  freed  by  means  of  alcohol. 

The  composition  of  the  free  hydrated  acid  is  C^  H*'*  O^, 
H*  O*;  in  the  salts,  however,  it  is  C«^  H^**  0«.  The  distilled 
acid  has  the  same  composition.  The  ammonia  salt  is  insolu- 
ble in  water,  and  has  the  formula  O'  H»«*0%  N«H«0+  H«0. 

The  tether  is  obtained  by  acting  on  alcohol  with  sulphuric 
and  palmitic  acids ;  it  is  solid,  melts  at  21°  C,  crystallizes  in 
prisms.  Formula  C«*  H*'^*  O  +  2  (C*  H»o  O) ;  the  acid  is 
therefore  bibasic.  By  the  action  of  chlorine  on  palmitic  acid 
a  mixture  of  several  products  is  obtained,  which  it  is  al- 
most impossible  to  separate :  one  of  them  has  the  formula 
C«  H'<^  Ch^  O,  H*  O^  [Annalen  der  Chemic  und  Pharmacies 
xxxvi.  p.  44<.)f 

Oils  qfCascarilla  and  Caramiy. 

M.  Voelckel  has  examined  cascarilla  and  cumin  or  caraway 
oils.  The  impure  cascarilla  oil  is  deep  yellow ;  specific-gra- 
vity 0*909 ;  boils  at  180°  C.  By  distillation  with  water  seemed 
to  be  separated  into  two  oils,  which,  however,  could  not  be 
perfectly  isolated.  The  oil  which  first  passed  over  was  co- 
lourless, highly  refractive,  specific  gravity  0*862;  boiled  at 
173°C.:  composed  of  carbon  86*926,  hydrogen  10*4'87,  oxygen 
2'587.  The  portions  which  passed  over  afterwards  were  a 
little  thicker,  somewhat  yellowish,  and  of  a  less  agreeable 
odour.  Composition,  carbon  82*021,  hydrogen  10*267,  oxy- 
gen 7*712.     (Annalen  der  Pharmacies  xxxv.) 

Oil  of  caraway  may  be  separated  by  distillation  into  se- 
veral different  oils ;'the  first  two  portions  boil  atl93^  tol9S°C., 
the  third  at  21 3^  the  fourth  at  228^  The  smell  was  almost 
the  same  in  all. 

C.  86*099     ...     85*204     ...     82*126     ...     78*603 

H.  11*090     ...     10*517     ...       9*^7     ...       9*217 

O.     2*811      ...       4*279     ...       8047     ...     12*180 

Caraway  oil  absorbs  hydrochloric  acid  gas,  but  is  separated 

again  by  distillation  with  water. 

*  Some  further  particulars  relating  to  AnUin  will  be  found  in  our  Intei- 
iigence  and  Miscellaneous  Articles, — Edit. 

t  See  Mr.  ^enhouseN  paper  on  the  constituents  of  Palm-oil,  in  our 
last  Number,  p.  186.— Edit. 
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Carawai/  Oil — JEthereal  Oils. 

MM.  Gerhardtand  Cahours  have  made  some  experimei 
on  stbereal  oils.  Roman  caraway  oil  (essence  de  cumi 
consists  of  two  oils;  one  is  a  hydro-carbon,  and  boils  at  16 
C. ;  the  other  consists  of  carbon,  hydrogen  and  oxygen,  and 
similar  to  hydro-benzoyl ;  they  call  the  hypothetical  radii 
cumyl. 

Hydro-cumyl =  C«oH««0«  4-  H« 

Cuminic  acid  =  C«o  H^  O*  +  O 

Chloride  of  cumyl =  C«>  H*^  0«  +  CI* 

Bromide  of  cumyl =  C^  H^  O*  ±  Br« 

Hydrated  cuminic  acid  ...  =  C^  U^  O^  +  0+  H«0. 

Hydro-cumyl  is  a  colourless  or  slightly  yellow-coloui 
liquid  of  strong  odour,  is  changed  by  slow  distillation,  exa 
when  the  operation  is  performed  in  an  atmosphere  of  c 
bonic  acid.  By  the  absorption  of  oxygen  is  converted  ii 
cuminic  acid;  the  metamorphosis  takes  place  more  rapic 
when  it  is  treated  with  caustic  alkali,  in  which  case  hydrog 
is  evolved.  Cuminic  acid  is  colourless,  crystallizes  in  pi 
matic  needles,  scarcely  soluble  in  water,  easily  in  alcoh 
may  be  sublimed,  and  has  an  acid  burning  taste.  Hydi 
cumyl  treated  with  sulphuric  acid  and  chromate  of  pot£ 
also  forms  cuminic  acid.  Hydrated  cuminic  acid  distil] 
with  four  parts  of  caustic  baryta  gives  an  aromatic  colourl 
liquid,  which  boils  at  144°  C. ;  its  formula  is  C'^  H**;  may 
called  cumen"^;  with  fuming  sulphuric  acid  forms  cumens 
phuric  acid,  which  gives  a  crystallizable  salt  with  bary 
With  nitric  acid  forms  nitrocumid,  like  nitrobenzid.  {Am 
len  der  Pharmaciey  xxxv.)  t 

Potatoe-Spirit  Oil — Oil  of  Anise — Oil  of  Fennel. 

M.  Cahours  has  examined  some  other  oils.  Potatoe-spi 
oil  is  converted  by  perchloride  of  phosphorus  into  a  flu 
which  boils  at  102°,  and  has  the  formula  C»o  H«*  Cl«;  it  is  t 
chloride  of  amyl.  Acetate  of  amilen  is  decomposed  by  ch 
rine  (in  the  shade),  it  is  changed  intoC'<>H»8  C1^0-hC*H«( 
in  sunshine  a  crystalline  substance  is  formed.  Potatoe  oil 
converted  by  the  action  of  air  and  spongy  platinum  into  i 
lerianic  acid.     {Annalen  der  Pharmacies  xxxv.) 

Oil  of  anise.— The  solid  oil  has  the  formula  C^  H-«  ( 
The  specific  gravity  of  the  vapour  is  5*68 ;  with  chlori 
forms  a  fluid  compound,  C^*  H^  Cl«  0«,  with  bromine  a  ci 
stalline  one,  C^7  H^  Br^  O^.    With  dilute  nitric  acid  of  20^ 

♦  May  not  Cumen  be  identical  with  Mesitylene  ?  Their  boiling  poi 
differ  very  little, — ^6^  and  ^SJ'^y^and  their  composition  is  the  same 
R.K. 

t  See  also  our  InteiUgence  and  Miscellaneoui  ArHt^s.^-EDir. 
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forms  an  acid  whose  formula  is  C>^  H*^  O^ ;  the  silver  salt  is 
Ci6  H»«0*  +  AgO.  With  concentrated  nitric  acid  ttie  ani- 
sonitric  acid  is  formed,  C^^  H^^O  (N^O^);  its  silver  salt, 
Qi6  Hio  o«  (N*  O)  -f  ^  O.  [I  may  here  remark  that  these 
two  acids  were  prepared  independently,  in  the  beginning  of 
last  summer,  by  Dr.  Weltzien,  in  Prof.  Mitscherlich's  laborar 
tory :  we  may  probably  in  a  short  time  expect  a  better  ac- 
count of  them  than  the  above. — H.  C] 
'  Anise  oil  gives  with  hydrated  sulphuric  acid  a  crystalline 
<x>mpound,  with  fuming  sulphuric  acid  a  peculiar  acid,  whose 
baryta  salt  is  soluble. 

Oil  of  fennel  consists  of  two  oils ;  the  solid  oil  has  the  same 
formula  as  the  solid  oil  of  anise ;  the  fluid  oil  has  the  formula 
of  oil  of  turpentine:  the  latter  combines  with  binoxide  of 
nitrogen  and  forms  a  crystalline  compound,  C^^H^N^O*. 

Oil  of  Bergamot, 
Oil  of  bergamot  (from  the  fruit  of  Citrus  bergamia)  has 
been  examined  by  MM.  Soubeiran  and  Capitaine.  The  oil 
was  distilled  with  water  and  dried  with  chloride  of  calcium ; 
its  specific  gravity  was  0*869 ;  it  refracted  the  polarized  ray 
25^.  It  was  again  distilled  with  water  and  the  product  col- 
lected in  four  portions:  the  first  refracted  45^,  the  second 
38%  the  third  21%  and  the  fourth  not  at  all.  Oil  of  berga- 
mot must  therefore  consist  of  at  least  two  oils.  Ohm  found 
that  oil  of  bergamot  contained  7*098  per  cent,  oxygen ;  and 
he  considers  it  as  a  hydrate  of  lemon  oil,  3  (C*^  H'^)  +  2  H'^O ; 
according  to  MM.  I^ubeiran  and  Capitaine,  the  fractionated 
portions  nave  different  compositions ;  the  oxygen  varies  from 
8*37  to  16*14.  By  the  action  of  anhydrous  phosphoric  acid 
an  oil  is  obtained  which  has  the  same  'composition  as  citron 
and  lemon  oil :  this  body  combines  with  hydrochloric  acid 

SiS.  The  camphor  appears  to  have  the  usual  formula.  By 
e  action  of  the  phosphoric  acid  on  the  impure  oil  a  peculiar 
acid  is  produced  (acide  phospho-bergamique),  which  forms 
soluble  salts  with  lime  and  oxide  of  lead.  {Annalen  der  Phar- 
macicj  xxxvi.) 

Crystallized  Substance  in  Guarana. 
'  MM.  Martins,  Berthemot  and  Deschastelus  have  ex- 
amined the  crystallized  substance  contained  in  *<  guarana ;" 
the  nature  of  guarana  was  for  a  long  time  doubtful,  until 
Martins  showed  that  it  was  a  paste  made  of  the  fruit  of  a 
tree — PauUinia  sorbilisy  Mart.  The  guaranin  is  contained 
in  it  in  combination  with  tannic  acid,  and  it  appears  that  the 
so-called  guaranin  is  identical  with  caffein.  As  it  has  al- 
ready been  shown  that  thein  is  also  identical  with  caffeiui  we 
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have  now  three  families  in  which  it  is  found,  viz.  Rubiacese, 
Theaceae  and  Sapindaceae.  {Annalen  der  Chemie  und  Pkar- 
macie,  zxxvi.  p.  90.) 

Action  of  Chlorine  on  Marsh  Gas. 

By  the  action  of  chlorine  on  natural  marsh  gas,  M.  Mel- 
sens  has  obtained  the  chloride  of  carbon,  O  CP;  hence  marsh 
gas  and  the  gas  obtained  from  the  acetates  are  perfectly 
identical. 

Magnus's  and  Groses  Salts  of  Platinum. 

If  protochloride  of  platinum  or  Magnus's  salt,  PtClS  N*  H% 
be  boiled  with  ammonia,  the  ^reen  compound  is  dissolved, 
and  the  evaporated  fluid  deposits  acicular  crystals ;  these  are 
soluble  in  water  and  ammonia,  precipitated  by  addition  of 
alcohol;  when  heated  evolves  sal-ammoniac,  and  at  last  free 
hydrochloric  acid ;  the  residue  is  metallic  platinum ;  by  long 
boiling  with  potassa  ammonia  is  also  evolved.  M.  Reiset 
finds  the  formula  Pt  Cl%  N^  H'%  consequently  it  is  the  radi- 
cal in  the  salts  of  M.  Gros.  These  salts  have  the  general  for- 
mula Pt  CIS  N*  H»«  +  O  +  A.  When  Reiset's  salt  is  treated 
with  nitric  acid  red  vapours  are  evolved,  and  Gros's  nitric 
salt  is  formed.  When  the  aqueous  solution  of  Pt  C^,  N^  H^^ 
is  treated  with  chlorine,  Gros's  chlorine  salt  is  produced,  viz. 
Pt  Cl«  N*  H»«  Cl«.  {Annalefi  der  .Chemie  und  Pharmacie, 
xxxvi.  p.  3.)  * 

Gros's  Platina  Salts. 

In  the  19th  Arsberattelse^  p.  261,  when  speaking  of  Gros's 
platina  salts,  Berzelius  protests  against  the  introduction  of  so 
many  improved  theories,  and  says  that  a  much  simpler  for- 
mula for  these  salts  would  be  Pt  CI  +  (2  N  H»  +  CI),  if  in- 
deed this  latter  compound  had  been  prepared  in  a  separate 
state.  He  moreover  says, — If  theformula  N[H*  S  +  Pt  CI  N  H* 

does  not  explain  why  the  salt  is  not  precipitated  by  chloride 
of  barium  or  nitrate  of  baryta,  is  the  phenomenon  any  better 
explained,  when  we  throw  ammonia,  water,  chloride  of  pla- 
tinum and  amidogen  together  into  one  base?  Hydrochloric 
and  nitric  acids  also  have  an  affinity  for  this  base,  and  there- 
fore the  sulphate  compound  ought  to  be  decomposed  by  the 
baryta  salts,  &c.  * 

Pf-ussian  Bltie. 
Leopold  Gmelin  has  remarked,  that  the  Prussian  blue  ob- 
tained from  a  protosalt  of  iron  by  means  of  the  ferrosesqui- 

*  See  Dr.  Kane's  paper  ■<  On  a  New  Class  of  Platina  Salts/'  in  the  present 
Number.— Edit. 
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turet  of  potassium  cannot  have  the  same  composition  as 
obtained  from  a  sesquioxide'or  persalt,  and  the  ferrocya- 
it ;  the  former  must  contain  diree  atoms  of  protocyanuret 
on  and  one  atom  of  sesquicyanuret,  while  the  common  blue 
ains  two  atoms  [of  sesquicyanuret  of  iron.  M.  Voelckel 
analysed  the  former  substance  in  Wohler's  laboratory ;  it 
prepared  by  adding  ferrosesquicyanuret  of  potassium 
excess  of  protochloride  of  iron.  It  contained,  iron 
89,  potassium  5*284,  cyanogen  33*684.  Probable  for- 
1,  (Fe*Cy«+ 3KCy«)  +  4(Fe«Cy«-f  3FeCy«.)  {An- 
n  der  Pharmacies  xxxv.) 

Double  Carbonate  of  Lead  and  Soda. , 
during  his  experiments  on  the  atomic  weight  of  carbon, 
selius  discovered  a  double  salt  of  carbonate  of  lead  with 
onate  of  soda ;  it  is  obtained  by  dropping  a  solution  of 
ite  of  lead  into  an  excess  of  solution  of  carbonate  of  soda, 

boiling  the  mixture.  Its  formula  is  Na  C  +  ^  Pb  C. 
berattelsCi  xix.) 

Acid  Products  of  Citric  Acid  at  high  temperattires. 
"he  researches  of  Lassaigne,  Baup,  Dahlstroem,  Berzelius 

Robiquet,  had  led  us  to  suppose  that  three  acids  were 
led  from  the  decomposition  of  citric  acid  at  high  tempe- 
res,  which  is  fully  confirmed  by  a  series  of  experiments 
jr.  L.  Crasso,  recently  published  in  the  Annalen  der  Phar^ 
le  (vol.  xxxiv.  p.  53).     The  first  formed  is  the.  aconitic 

of  Dahlstroem  and  Berzelius  (Baup's  acide  citridique) 
I^  O^  +  Ag ;  then  the  itaconic  acid  (pyraconitic  acid, 
migne's  pyrocitric  acid,  and  Baup's  acide  citricique) 
I*0'  +  Ag.;  and  lastly,  citraconic  acid  (pyrocitric  acid 
Lobiquet  and  Lassaigne,  Baup's  acide  citribique),  isomeric 

the  preceding.     The  two  last  appear  to  be  bibasic,  the 

tribasic.  No  aconitic  acid  is  formed  previous  to  the 
Dgagement  of  aceton  and  carbonic  oxide.  The  two  other 
s  are  products  of  the  aconitic  acid.  No  distillation  was 
inued  longer  than  ten  minutes.  The  acid  first  melts 
gives  off  pure  water,  upon  which  white  vinous  acid  and 
bustible  vapours  are  disengaged,  which  evidently  contain 
on  and  carbonic  oxide.  If  the  operation  be  now  inter- 
ed,  the  residue  dissolved  in  water  and  brought  to  cry- 
ization,  pure  unaltered  citric  acid  is  obtained,  of  which 
analysis  gave  the  formula  for  the  citric  acid  dried  at  100% 
Ci«H«oO»«  +  3  H*0;  and  besides  which,  a  small  por- 
of  uncrystallizable  mother-ley  proportional  to  the  quan- 
of  aceton  and  carbonic  oxide  evolved.    When  further 
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heated  the  white  vapours  disappear,  the  products  are  n 
longer  combustible,  and  the  recipient  contains  an  acid  colou] 
less  fluid  abounding  in  aceton.  When  white  vapours  ai 
no  longer  visible,  oily  stripes  are  formed  in  the  neck  of  tb 
retort,  indicating  the  formation  of  a  new  product.  If  tb 
yellow  residue  be  dissolved  in  water  it  forms  no  crystals  eve 
at  O^  cent.,  when  evaporated  to  the  formation  of  a  pellicl 
and  the  cold  and  solidified  mass  then  treated  with  aether,  bi 
little  citric  acid  remains  undissolved.  The  aether  on  evapon 
tion  leaves  behind  a  warty  granular  mass — the  aconitic  aci< 
Since  citric  acid  does  not  form  an  aether  on  treating  its  ala 
holic  solution  with  hydrochloric  gas,  the  aconitic  acid  roa 
be  thoroughly  purified  by  dissolving  it  in  five  parts  of  abs< 
lute  alcohol,  and  passing  hydrochloric  gas  through  the  soli 
tion.  The  aconitic  aether  is  then  decomposed  with  a  vinot 
solution  of  potash,  the  potash  salt  by  acetate  of  lead,  and  tl 
washed  precipitate  decomposed  with  sulphuretted  hydroger 
it  is  then  obtained  as  a  laminar  crystalline  acid,  which  on  n 
solution  in  aether  and  slow  evaporation  appears  colourlei 
and  verrucous-crystalline :  it  consists  of  fc  ^I'S*,  H  S'-t 
O  54*75.  The  silver  salt  was  employed  to  determine  tl 
atomic  weight,  which  was  found  to  be  618*11;  the  formula  i 
therefore,  C*  H«  O^  +  H«  O.  The  silver  salt  is  while,  n< 
quite  insoluble  in  water;  formula  =  C*  H^O^  Ag  O.  Aa 
nate  of  barytes  is  gelatinous,  when  dried,  amorphous.  Tt 
salts  of  potash,  soda  and  ammonia,  do  not  crystallize  distincti; 
are  easily  soluble  in  water  and  in  alcohol.  Aconitic  aethe 
the  preparation  of  which  has  already  been  described,  is  o 
lourless,  of  aromatic  smell  and  bitter  taste ;  specific  gravit 
sr  1*074  at  + 14"^  C. ;  boils  at  236%  above  which  it  decompose 
almost  entirely  into  white  vapours  and  a  black  fatty  residu 

Formula  =  C«H»*  O*  =  Ae  O  At. 

The  same  aether  has  likewise  been  prepared  by  Dr.  Ma 
chand  in  the  following  manner.  A  mixture  of  half  a  pound  ( 
citric  acid,  three  quarters  of  a  pound  of  alcohol,  and  a  quarts 
of  a  pound  of  concentrated  sulphuric  acid  was  distilled  in 
sand  bath  for  about  four  hours,  the  liquid  that  passed  ov4 
being  constantly  poured  back.  At  last  only  sulphuric  8eth< 
mixed  with  a  little  alcohol  passed  over,  and  the  mass  had 
very  dark  brown  colour.  On  mixing  with  water  a  quantit 
of  coloured  aether  separated,  which  was  washed  with  wati 
till  acid  reaction  ceased.  When  decolorated  by  means  < 
animal  charcoal,  it  formed  a  yellow  fluid,  very  similar  to  tt: 
usual  citric  aether.  Its  boiling  point  above  230°.  It  coul 
not  be  distilled  without  decomposition,  so  that  it  was  imposs 
ble  to  take  the  spedfic  gravity  of  its  vapour.    Dr.  Marchan 
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arrives  at  the  same  formula,  C*^  H>^  O,  and  states  that  this 
therefore  is  a  combination  of  the  oxide  of  ethyl,  with  an  acid 
of  the  same  constitution  as  oconitic  acid. 

The  free  aconitic  acid  is  easily  soluble  in  water,  alcohol 
and  aBther ;  decomposes  on  being  heated  above  its  melting 
point,  disengaging  pyraconitic  acid,  empyreumatic  oil,  and 
leaving  behmd  a  black  pitchy  mass,  which  subsequently  car- 
bonizes entirely. 

liaconic  acid  (pyraconitic  acid)  is  best  obtained  by  heating 
the  aconitic  acid  in  a  retort  till  the  evolution  of  yellow  va* 
pours  occurs*  It  is,  further,  this  acid  which  forms  the  oily  bands 
when  the  second  period  in  the  distillation  has  commenced : 
carbonic  acid  and  water  appear  simultaneously  with  it.  It 
condenses  to  an  oily  mass  which  sometimes  passes  into  a  cry- 
stalline solid.  As  soon  as  yellow  vapours  and  empyreumatic  oil 
begin  to  appear  the  distillation  is  to  be  stopped.  On  slowly 
cooling  acicular  crystals  are  formed  in  it,  and  the  remaining 
mass  no  longer  solidifies.  On  being  rapidly  cooled  the  oily 
acid  solidifies  entirely,  and  may  be  obtained  pure  by  solution 
in  six  times  its  volume  of  water,  and  slow  evaporation ;  colour- 
less by  recrystallization  from  alcohol  or  aether.  From  the 
aqueous  solution  it  crystallizes  in  the  form  given  by  Baup  for  the 
citricic  acid.  The  crystals  give  off  no  water  at  100°  cent,  and 
consist  of  4'6'62  C,  4.-.56  H,  48*82  O,  agreeing  perfectly  with 
Baup's  analysis  of  the  acide  citricique.  On  being  heated  to  its 
boiling  point,  it  passes  into  the  isomeric  volatile  citraconic 
acid.  The  acid  potash  salt  is  easily  soluble,  crystallizes  in 
small  shining  laminae,  which  lose  one  atom  of  water  nt  100°;  the 
dried  salt  contains  28*06  per  cent,  potash.  The  neutral  baryta 
salt  crystallizes  in  long  slender  stellate  groups,  which  lose  no 
water  at  100%  it  contains  54''92  per  cent,  barytes.  The  acid  salt 
forms  crystalline  crusts.  Neither  salt  of  lime  is  distinctly  cry- 
stalline. The  neutral  strontia  salt  resembles  that  of  barytes,  and 
contains  45*69  per  cent,  strontia.  The  silver  salt  forms  a  white 

powder  nearly  insoluble  in  water ;  formula  =  C^  H^  O^  Ag, 
The  atomic  weight  determined  from  the  silver  salt  =  707*12, 

and  its  symbol  It.  Itaconic  aether  had  already  been  de- 
scribed by  Mali^atti  as  pyrocitric  aether ;  it  is  colourless,  of 
aromatic  odour  and  bitter  taste ;  specific  gravity  =  1  *050  at 
15°,  boiling  point  ^  227°;  it  is  partially  decomposed  at  a 

higher  temperature :  it  consists  of  C^  H'^  0*=s  Ae  O,  It. 

TTie  same  aether  has  likewise  been  prepared  by  Marchand ; 
by  continuing  the  distillation  of  his  mixture  for  a  longer  time, 
he  found  for  it  the  same  constitution. 

The  citraconic  acid  is  identical  with  Baup's  acide  citribique 
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and  Robiquet's  anhydrous  pyrocitric  acid.  It  is  obtained  I 
distilling  the  itaconic  acid,  which  gives  water  and  citracot 
acid,  which  forms  the  inferior  layer*  On  distilling  afresh 
is  obtained  anhydrous:  or  it  may  be  obtained  by  treatL 
the  non-crystalline  residue  remaining  from  the  itaconic  a( 
with  acetate  of  lead,  and  decomposing  the  precipitate  wi 
sulphuretted  hydrogen.  The  acid  is  void  of  colour  and  smc 
has  a  strong  acid  acrid  taste,  sinks  in  water,  does  not  mix  wi 
it,  but  on  longer  contact  soluble  in  it  in  every  proportioi 
specific  gravity  =  1'247  at  14°;  begins  to  volatilize  at  90°,  bo 
at  21^°  cent.;  heated  further  it  leaves  a  carbonaceous  residi 
Attracts  moisture  from  the  atmosphere,  first  becoming  or 
stalline,  then  deliquescing.  The  hydrate  crystallizes  in  fou 
sided  prisms,  which  melt  at  80%  and  volatilize  entirely  a  f< 
degrees' higher;  soluble  in  water,  alcohol  and  aether.  C 
being  heatra  in  a  retort  they  first  give  off  water,  and  th< 
anhydrous  acid.  The  anhydrous  acid  =  54*12  C,  3*53  I 
4.2-35  O;  the  crystallized  hydrate  8=  46*62  C,  4*56  H,  48*82  i 
The  atomic  weight  was  determined  from  the  anhydrous  sal 
of  silver,  lead  and  barytes,  and  was  found  to__be  715*40;  J 

formula,  therefore,  =  C*  H*  O,  the  symbol  Ct.  Citracon 
cether  is  prepared  in  the  same  way  as  itaconic  aether,  with  whi^ 

it  agrees  in  every  respect;  its  formula  C'^  H>*  O  =  Ae  O,  C 
Anhydrous  citraconic  acid  absorbs  ammonia  with  viole 
disengagement  of  heat,  forming  a  yellow,  ductile,  transparer 
hygroscopic  body,  easily  soluble  in  water  and  alcohol.  Th 
anhydrous  citraconate  of  ammonia  =  2  C*  H*  O^  -I-  N*  H 
Dissolved  in  water  and  evaporated,  small  crystalline  laminae 
the  same  salt  are  obtained  as  crystallizes  from  the  acid  soli 
tion  by  saturating  direct  with  ammonia;  formula  =  2  C*H*  C 
-f  N*  He  +  H*  O.  The  neutral  potash  salt  is  easily  solubl 
forms  a  pulverulent  mass ;  the  acid  salt  crystallizes  in  easi 
soluble  laminae.  Both  soda  salts  easily  soluble,  non-crysta 
line.  The  acid  salt  of  m^ignesia  transparent,  radiately  en 
stalline.  The  neutral  lime  salt  is  amorphous,  easy  of  soli 
tion ;  the  acid  salt  crystallizes  in  prisms  and  laminae;  formul 
2  C^  H*  03  +  Ca  O,  H«  O  +  3  Aq;  lose  one  atom  of  wau 
at  100^,  three  atoms  at  120%  and  at  140°  blacken  and  evoli 
acid.  The  neutral  salt  of  barytes  is  white,  crystalline,  of  di 
ficult  solution  in  cold  water;  the  acid  salt  forms  white  silk 
verrucous  groups,  loses  no  water  at  100%  =  2  C*  H*  C 
+  Ba  O  H^  O  -f  Aq.  The  neutral  salt  of  strontia  is  nc 
distinctly  crystalline,  efflorescent ;  the  acid  salt  forms  large  cc 
lourless  prisms,  which  become  opakeatlOO%and  lose  26*19  pc 
cent,  in  weight ;  at  120*^  gives  off  acid.     The  silver  salt  is  onl 
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wn  down  after  an  addition  of  ammoniai  as  a  gelatine  of 
:ult  solution  in  water.  From  its  boiling  solution  it  cry* 
izes  in  long,  thin  lustrous  needles,  loses  nothing  at  100% 
burns  with  slight  explosions ;  formula  C^  H^  O^  Aq  O. 
n  the  liquid  filtered  from  this  sualtare  deposited  on  evapo- 
m  crystals  in  six-sided  columns,  which  at  100^  lose  one 
1  of  water.  The  citraconate  of  lead  exists  in  four  differ- 
states.  From  an  aqueous  solution  of  the  acid,  to  which 
s  ammonia  has  been  added,  acetate  of  lead  throws  down 
luminous  precipitate,  which  on  being  boiled  is  partially 
>lved,  but  the  greater  portion  is  converted  into  an  inso- 
e  crystalline  powder  =  C  H«  O  +  Pb  O.  From  the  fil- 
1  liquid  crystallizes  on  cooling  a  non-crystalline  powder 
>H«  O  +  Pb  O  +  Aq.  If  the  neutral  salt  of  ammonia 
recipitated  by  the  neutral  acetate  of  lead  a  gelatinous  pre- 
Bte  is  formed,  which  dried  immediately  becomes  opake, 
itly  yellow  and  gummy,  =  C*  H*  O  +  Pb  O  -f  2  Aq. 
ic  acetate  of  lead  throws  down  from  citraconatic  salts 
'bite  nearly  insoluble  crystalline  powder  =  C^  H^  O 
\  Pb  O.  The  citraconate  of  zinc,  and  of  the  protoxide  of 
cnry,  are  white  and  nearly  insoluble.  The  neutral  salt 
lickel  green,  the  acid  salt  green,  crystalline.  The  acid 
of  cobalt  red,  granular.  The  acid  citraconate  of  the 
oxide  of  manganese  forms  an  opake  ductile  mass.  The 
rate  of  the  peroxide  of  iron  is  but  slowly  dissolved  by 
iconic  acid. 

!itric  acid  therefore  presents  four  distinct  periods  of  de- 
position :  the  first  from  the  melting  point  to  the  evolution 
;as,  during  which  water  of  crystallization  (?)  is  given  oiF. 
\  second  period  begins  with  the  evolution  of  aceton  and 
M>nic  oxide,  and  pyrocitric  or  aconitic  acid  is  formed. 
s  is  decomposed  in  the  following  period,  under  formation 
:arbonic  acid  and  pyraconitic  or  itaconic  acid.  In  the 
th  period  empyreumatic  oil  is  given  off,  and  the  residue 
irbonified.  Three  different  acids  therefore  originate  in 
d  order.  The  aconitic  acid  is  probably  tribasic,  the  ita* 
ic  and  isomeric  citracouic  acids  bibasic. 
\^ackenroder  has  published  in  the  Archiv  der  Pharmacie 
iii.  p.  266-279)  a  series  of  experiments  on  the  amount  of 
er  of  crystallized  citric  acid,  from  which  he  concludes  that 
two  kinds  of  citric  acid  hitherto  admitted  with  four  and 
atoms  of  water  do  not  exist,  or  are  never  formed  from 
usual  citric  acid  under  known  conditions ;  that  the  cry- 
[ized  citric  acid  cannot  exist  with  less  than  three  atoms  of 
er;  that  the  aqueous  fluid  which  Crasso  obtained  by  dry 
Qlation,  and  regarded  as  water  of  crystallization,  is  nothing 
%7.  Mag.  S.  3.  Vol.  18.  No.  117.  April  1841,       U 
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but  hygroscopic  water;  further,  that  the  citric  acid  wh 
Crasso  separated  from  the  residuous  acid  heated  until  i 
disappearance  of  white  vapours,  and  which  he  found  by  ai 

lysis  to  be  Ci  +  8  ^,  must  no  longer  be  considered  as  cit 
acid  dried  at  100^  C,  but  is  the  usual  crystallized  citric  a 
which  has  remained  unchanged. 

Wackenroder  likewise  contradicts  the  assertions  of  Ro 
quet  and  Crasso  respecting  the  insolubility  of  citric  acid 
aBther:  he  found  that  rectified  aether,  dry  as  well  as  mo 
dissolved  abundantly  the  melted  acid,  that  the  solutions  < 
not  become  milky  in  closed  vessels,  and  on  evaporation  gi 
a  syrup  which  but  slightly  reddened  dried  litmus,  and  wn 
on  standing  exposed  to  the  atmosphere  gradually  passed  ii 
the  cmtallized  state. 

BeU)re  quitting  this  subject  we  may  notice  the  observatic 
of  Berzelius  {At'sberettelse^  No.  xviii.)  on  the  views  of  Lid 
and  Dumas  on  the  constitution  of  organic  acids :  he  reje 
them  entirely,  and  states  that  the  citrate  of  soda  when  heated 
190^  may  be  a  compound  of  two  atoms  of  citrate  of  soda,  a 
one  atom  of  aconate  of  soda.  In  a  remarkable  paper  ^*  i 
certain  Questions  of  the  Day  in  Organic  Chemistry,"  pi 
lished  in  Poggendorff's  Annalen^  xlvii.  p.  289,  which  is  pr 
cipally  direct^  against  Liebig's  article  "  On  the  Composiii 
of  Organic  Acids,**  Annalen  der  Pharmacies  xxvi.  p.  1 ; 
Berzelius  observes  with  regard  to  citric  acid,  that  he  1 
found  that  when  the  citrate  of  soda  dried  at  190°  C.  was  d 
solved  in  water  and  placed  aside  to  crystallize,  regular  cryst 
of  citrate  but  no  aconate  of  soda  was  produced.  As  citrate 
soda  is  insoluble  in  alcohol,  but  aconate  somewhat  solub 
he  tried  to  extract  the  latter  from  the  metamorphosed  citn 
by  this  means,  but  he  obtained  much  less  than  the  thee 
required.  Citrate  of  silver  when  just  precipitated  is  wh 
and  voluminous ;  it  has  then  the  formula  Aq  C^  H^  O^  t 
b^  heating,  or  even  by  standing  in  the  fluid,  it  becomes  hi 
vier,  granular  and  crystalline,  and  has  a  composition  simi 
to  that  of  the  metamorphosed  soda  salt  The  metamorphos 
silver  salt  was  treated  with  alcohol  and  a  quantity  of  hydi 
chloric  acid  not  sufficient  to  decompose  the  whole  of  it ;  t 
mixture  was  well  shaken  until  there  was  no  more  hydi 
chloric  acid  in  the  alcohol.  The  alcoholic  solution  wh 
evaporated  left  a  perfectly  uncrystalline  syrup,  which,  d 
solved  in  water,  let  fall  a  trace  of  citrate  of  silver;  out  oft 
water  was  obtained  a  colourless  syrup,  similar  to  the  aconi 
acid,  and  which  when  saturated  with  carbonate  of  soda  gw 
citrate  of  soda  and  aconate,  which  may  be  extracted  by  al< 
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I  of  0*83S,  and  the  quantity  of  which  fully  agrees  with  that 
juired  by  theory.     Three  atoms  are  decomposed,  giving 

2  atoms  Aq'C  =  2  (4C  4H  40)  +  2Xq,  and 

1  atom  Aq  Ate  =  (4C  2H  30)  +  Aq 

rhe  salt  2  Na  Ci  +  Na  Ate  is  a  chemical  compound^  which 
en  dissolved  in  water  attracts  one  atom  of  water,  and  forms 
ee  atoms  of  citrate  of  soda,  && 

Milk  of  the  Cm-Tree. 

We  are  indebted  to  Dr.  Marchand  for  an  examination  of 
!  milk  of  the  cow-tree  {Palo  de  Vacca).  This  vegetable 
Ik  bad  already  been  made  the  subject  of  inquiry  by  Bous- 

Fault  and  Boldero  (Ann.de  Chim.  et  de  Phys.  xxiii.  p.  210), 
by  £.  Solly,  Jun.  (L.  &  E.  Phil.  Mag.,  xi.  p.  542),  with  whose 
)er  Marchand  appears  to  have  been  unacquainted.  Solly's 
actin  seems  to  have  been  a  mixture;  he  had,  however,  like- 
e  recognized  its  difference  from  wax.  According  to  the 
tsent  examination,  this  milk  would  consist  of  water,  ferment* 
^e  sugar,  lime,  magnesia,  combined  with  phosphoric  acid, 
ttic  acid  (traces),  butyric  acid  (?),  resin  C*^  H^^  O,  resin 
'  H'^O,  resin  C^<^Us«0,  so-called  wax  (Solly's  ealactin?), 
iubstance  resembling  caoutchouc,  C*'  H^*^  O'.  We  find, 
refore,  in  the  milk  of  the  cow-tree  only  those  substances 
ich  the  milky  saps  of  plants  generally  contain,  but  espe- 
lly  litde  albumen,  and  much  of  a  caoutchouc-like  substance, 
e  resins  are  all  compounds  belonging  to  the  radical  C^  H». 
I.  Resin  C>o  Hi«  O  ss  2  (C'  H»)  O.  The  same  composition 
copaiva  resin  (according  to  Hess,  however,  this  is  corn- 
ed of  C^H^^O^). 

I.  Resin  C*>  H'*  O  =  4  (C*  H«)  O.  Camphor  oil,  accord- 
:  to  Martius,  possesses  the  same  composition.  In  the  wax 
CeroxyUm  andicola  Boussingault  found  a  resin  to  which  he 
swise  assigns  this  formula.  Perhaps  Mulder's  anthiar 
in  is  the  same. 

\.  Resin  C«o  H^^  O  «  10  (C*  H*)  H«  O.  This  composition 
fers  so  much  from  those  of  the  waxes  that  it  can  scarcely 
reckoned  in  this  class. 

k  Caoutchouc-like  substance  C*o  H«  O  =  8  (C^H*)  H^O 
O^.  The  remarkable  resemblance  which  this  substance 
\  to  caoutchouc  would  lead  one  to  believe  that  it  is 
Uy  identical,  but  according  to  Faraday's  experiments  the 
.er  contains  no  oxygen.  It  is,  however,  possible,  that  ca- 
;chouc  in  the  state  in  which  it  is  contained  in  the  milky 
s  is  capable  of  combining  both  with  water  and  oxygen, 
I  thus  to  produce  a  combination  which  from  its  properties 
Is  to  mind  its  origin.    This  view  would  agree  perfectly 
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with  Fourcroy's  experiments,  according  to  which,  caoutchoi 
is  precipitated  from  the  milk-saps  by  the  oxidizing  action 
the  atmosphere.     {Journal  fUr  Praktische    Chemiey  xxi, 
4S-54.) 

Croconate  of  Copper. 

According  to  L.  Gmelin,  when  warm  aqueous  solutions 
the  croconate  of  potash  and  hydrochlorate  or  sulphate 
copper  are  mixed,  and  the  liquid  let  to  cool,  small  rhoml 
prismatic  crystals  of  the  croconate  of  copper  are  deposits 
They  have  a  lively  semi-metallic  lustre,  reflect  light  dark  bli 
transmit  it  of  a  brownish  yellow.  The  powder  is  of  an  i 
tense  lemon-yellow  colour.  On  being  heated  in  a  tube  th^  gi 
off  water,  then  decompose  violently  under  evolution  of  gf 
the  parts  driven  out  of  the  tube  burn  with  showers  of  spar] 
The  products  of  this  decomposition  are,  first,  a  mixture 
carbonic  oxide  and  carbonic  acid  in  variable  proportior 
second,  an  empyreumatic  faint  yellow  acid  fluid  which  sme 
of  pyroligneous  acid,  colours  the  salts  of  iron  brown,  those 
silver  red  (aldehydic  acid?);  third,  a  dull  brownish-bla 
coally  residue,  which  on  bein^  heated,  exposed  to  the  atnr 
sphere,  burns  lively  to  metallic  copper  and  then  to  oxu 
When  the  croconate  of  copper  is  heated  in  the  atmosphere 
gradually  decomposes  with  slight  explosions  and  showers 
sparks.  The  analysis  of  the  crystals,  washed  with  cold  wai 
and  dried  in  bibulous  paper,  gave  C  23*36,  H  2*23,  04SM 
Cu  O  31*00.  The  formula  for  the  crystallized  salt  is,  thei 
fore,  C*  O*  Cu  O,  +  3  H«  O.  Of  the  three  atoms  of  water  t 
are  expelled  at  162^,  the  last  does  not  go  off  without  decoi 
position.     {Annalen  der  Pharmacies  xxxvii.  p.  58-65.) 

The  Fatty  Acids. 
An  examination  into  the  action  and  constitution  of  a  ser 
of  fat  bodies  has  been  made  under  the  guidance  of  Profess 
Liebig,  the  results  of  which  have  appeared  in  various  nu 
bers  of  the  Annalen  der  Pharmacie  for  1840.  The  questic 
to  be  solved  were,  do  the  solid  fats,  which  contain  not  a  tn 
of  margaric  acid,  give  murgaric  acid  on  dry  distillation  ?  He 
and  in  what  manner,  can  margaric  acid  originate  from  stea 
or  oleic  acid  ?  This  question  presupposed  the  most  accun 
knowledge  of  the  composition  of  stearic,  margaric  and  ol 
acids.  Professor  Redtenbacher  undertook  the  examinati 
of  stearic  acid,  and  of  the  acid  in  the  drying  oils ;  Dr.  Vi 
rentrapp  tliat  of  margaric  acid,  the  oleic  acid  in  the  gre« 
oils,  human  fat,  olive  oil,  and  in  almond  oil.  Connected  w! 
this  question  was  the  examination  into  the  origin  of  seba< 
acid,  and  of  the  substance  characterized  by  its  penetrati 
sm^Ii  tQ  which  Berzeiius  bos  assigned  th^  name  of  Akrole 
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'be  composition  and  mode  of  formation  of  elaidic  acid  was 
ndertaken^  as  his  task,  by  Dr.  Meyer.  The  accurate  ex* 
nination  of  coccostearic  acid  (coccinic  acid),  as  well  as  of 
le  products  which  originate  from  the  action  of  nitric  acid  on 
t  bodies,  was  undertaken  by  M.  Bromeis :  the  composition  of 
le  margaric  acid  in  palm  oil,  and  of  the  acid  in  cacao  butter, 
Y  Mr.  Stenhouse  of  Glasgow ;  on  the  composition  of  the  fat 
ibstances  of  the  nutmeg  butter,  and  of  the  wax,  by  Mr.  Play- 
ir  of  Calcutta*. 

[To  be  continued.] 

XIX.  Abstract  of  the  History  of  a  new  class  of  Platina- 
saltSf  discovered  hy  M.  Gros,  mth  some  Remarks  on  their 
irtie  Constitution.    By  Robert  Kane,  M,D.y  M.RJ.A.f 

rH£  very  singular  substance  discovered  by  Magnus,  and 
formed  by  boiling  protochloride  of  platina  in  water  of 
nmonia,  is  well  known  to  consist  of  Pt  CI  +  NH3.  By  this 
rect  process  it  is  formed  but  slowly  and  In  small  quantity, 
id  a  better  mode  of  obtaining  it  was  invented  by  Liebig. 

solution  of  perchloride  of  platina  is  treated  by  a  current  of 
ilphurous  acid  gas,  until  the  liquor  becomes  deep  reddish 
"own,  and  ceases  to  precipitate  a  solution  of  sal-ammoniac. 
einff  now  brought  to  boil,  and  water  of  ammonia  being 
Ided,  Magnus's  salt  precipitates  in  fine  deep  green  silky 
sedles.  In  this  way  Gros  obtained  it  in  quantity  sufficient 
r  his  researches. 

When  this  substance  is  treated  with  warm  nitric  acid  it  (the 
;id)  becomes  brown,  and  finally  converts  the  salt  into  a  white 
3wder.  Red  fumes  are  given  off,  and  generally  some  double 
srchloride  of  platina  and  ammonium  produced,  and  some 
elallic  platina  separated.  The  white  salt  is  obtained  pure 
f  solution  in  warm  water,  from  which  it  crystallizes  on  cool- 
g.  This  salt  is  colourless,  and  in  brilliant  flat  prisms. 
!eated  with  caustic  potash  it  evolves  ammonia,  but  not 
herwise.  It  is  not  precipitated  by  sulphuretted  hydrogen, 
n  analysis  it  yields  Pt  CI  N3  Hg  Og. 

*  [The  authors  had  subjoined  to  this  notice  of  the  recent  investigations 
(pecting  the  fatty  bodies,  particulars  of  some  of  their  results ;  but  as 
rend  of  the  memoirs  containing  them  have  now  appeared  entire  in  our 
^,  together  with  an  abstract  of  others,  we  deem  it  best  to  add  merely 
3  following  references: — An  abstract  of  the  researches  on  the  fatty  sub- 
mces  by  Redtenbacher,  Varrentrapp,  Meyer  and  Bromeis,  was  given  in 
;  Number  for  February,  pres.  vol.,  p.  113,  preceded,  at  p.  102,  by  Dr.  L. 
lyfair's  paper  on  a  new  fat  acid  in  the  butter  of  nutmegs;  and  in  our  last 
mber,  p.  186,  appears  Mr.  Stenhouse  s  memoir  on  palm  oil  and  cacao 
tter.^EniT.] 
\  See  p.  284,  of  the  present  Number. 
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When  a  solution  of  this  salt  is  treated  with  sulphate  of  soc 
a  new  compound  separates  in  needles.  This  is  also  obtain 
by  decomposing  the  first  salt  by  dilute  sulphuric  acid,  nit 
acid  being  expelled.  A  solution  of  this  salt  yields  no  prei 
pitate  with  nitrate  of  bary tes,  but  gives  sulphate  of  baryl 
when  an  excess  of  nitric  or  muriatic  acid  is  added.  Its  analyj 
gives  the  formula  Pt  CI  Nj  H^  S  04. 

On  mixing  a  warm  solution  of  the  nitric  acid  salt  wi 
oxalic  acid,  a  white  powder,  insoluble  in  water,  is  throi 
down,  which  has  the  composition  Pt  CI  N^  Hg  Cj  O4. 

With  a  solution  of  common  salt  another  compound  is  g 
nerated,  the  composition  of  which  is  Pt  CI,  N^  H^. 

When  we  compare  the  above  formulas  with  one  anothi 
we  observe  that  there  is  common  to  all,  the  elements  of  an  ate 
of  protochloride  of  platina,  one  of  amidogene  and  one 
ammonium,  Pt  CI  -f  N  H^  -f  N  H4,  and  that  the  changeal 
element  is  such,  as  to  form,  with  the  ammonium,  an  ordina 
ammoniacal  salt.  The  simplest  rational  formula  which  coi 
be  devised  for  them,  should  therefore  be  to  look  upon  t 
platina  as  having  been  raised  to  the  state  of  percombination  I 
the  nitric  acid,  a  chloramide  being  formed,  Pt  +  CI  NH^  i 
sembling  the  bichloride,  an  atom  of  chlorine  being  replac 
by  amidogene,  as  an  atom  of  oxygen  may  be  replaced 
chromic  acid  by  chlorine.  Then  the  formulae  of  Gros's  sai 
become 

1.  (Pt  +  CI .  Ad)  -f  (Am  .  O  -h  N  O^). 

2.  (Pt  +  CI  .  Ad)  +  (Am  .0  -f  SO3). 

3.  (Pt  +  CI  .  Ad)  +  (Am  .  O  +  C.O,). 

4.  (Pt  +  CI .  Ad)  +  (Am  .  CI). 

MM.  Gros  and  Liebig  reject  this  view  on  the  followi 
grounds  :  1st,  that  the  difficulty  which  is  found  in  expellii 
the  ammonia  from  these  compounds  excludes  the  idea  of  ti 
presence  of  an  ordinary  ammoniacal  salt;  and  2nd,  that  t 
sulphuric  acid  compound  not  immediately  precipitating  a  si 
of  barytes,  shows  that  common  sulphate  of  ammonia  does  n 
exist  therein.  Gros  therefore  considers  that  the  platin 
chlorine,  nitrogen,  and  hydrogen  are  all  united  together  in 
compound  radical,  which  in  No.  4.  is  united  to  chlorine,  ai 
in  the  others  with  oxygen  and  an  acid.  Thus,  Pt  i 
K  He  =  X  we  have, 

1.  PtClNsHfiOe      =X.0  +  N05. 

2.  PtClN,H6S04  =X.0  +  S03. 
3-  PtClN,HeC,04=X.O  +  C,03. 
4.  PtCl,N,He  rrX.Cl. 

Liebig  endeavours  to  establish  a  relation  between  this  coi 
pound  radical  and  ammonium,  by  proposing  to  consider  t 
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radical  to  consist  only  of  Ft  CIN^H,;  that  this  fulfils  a 
function  like  that  of  azote,  and  combining  with  H3  forms  the 
true  basis,  which  is  associated  in  Gros's  salts  with  hydrated 
acids  or  with  chloride  of  bvdrogen. 

In  this  confused  state  of  our  Knowledge  of  so  interesting  a 
class  of  bodies,  I  think  it  right  to  publish  some  facts  with 
regard  to  their  origin  and  cbnstitution  which  I  had  discovered 
a  long  time  ago;  for  after  having  completed  my  researches 
on  the  mercurial  compounds  formed  by  ammonia^  I  com- 
menced the  analogous  examination  of  the  platinum  bodies, 
and  had  formed  many  new  substances,  among  others  the  n)u- 
riatic  and  oxalic  salts  of  Gros,  when  bis  memoir  appeared. 
I  then  thought  that  he  would  pursue  the  subject  further,  but 
as  it  would  be  useless  for  two  persons  to  be  losing  time  doing 
the  same  thinff,  and  I  thought  that  he  was  ahead  of  me  in  time, 
I  laid  the  subject  aside,  and  passed  to  other  matters.  I  have 
lately  resumed  that  investi^tion,  and  combining  my  old  re* 
suits  with  those  which  I  since  obtained,  I  consider  that  the 
nature  of  those  bodies  may  be  now  explained. 

I  formed  these  salts  originally,  not  as  M.  Gros  did,  from 
Magnus's  salt,  but  by  acting  with  ammonia  on  the  perchloride 
of  jdatina.  There  are  promiced  a  series  of  bodies,  which  it  is 
not  my  object  to  describe  here,  but  ultimately  a  colourless 
solution,  which  gives  with  alcohol  a  white  precipitate,  which 
is  the  basis  of  Gros's  salts,  that  he  had  endeavoured  in  vain  to 
isolate.  Its  composition  is  Ft  CI  N,  H^  O  +  2  Aq.  Its  solu- 
tion in  water  gives  with  acids  all  Gros's  salts.  Now  in  its 
formation  the  series  of  decompositions  from  the  perchloride 
Ft  CI,  is  fully  developed.  And  it  is  important  also  that  by 
passing  an  excess  of  dry  gaseous  ammonia  over  perchloride 
of  platina,  Gros's  muriate  is  produced,  for  its  constitution  may 
be  represented  as  Ft  Cl«  +  2  N  Hg.  It  is  evident,  therefore, 
that  tnese  complex  bodies  are  deduced  from  the  perchloride 
of  platina  just  as  the  complex  mercurial  amides  are  formed 
from  corrosive  sublimate,  and  as  the  ammoniacal  sul- 
phates, &c  of  silver,  zinc,  copper,  &c.  are  produced  by  an 
excess  of  ammonia  on  the  simple  salts.  But  tlie  platinum  is 
remarkable  for  involving  together  the  types  of  botn  the  mer- 
curial and  copper  ammoniacal  compounds,  and  hence  rising 
to  a  still  greater  complexity  of  constitution.  Thus  in  place 
of  Hg  CI  -f  Hg  Ad  and  Hg  I  +  2  Hg  O  +  Hg  Ad,  there 
are  in  the  platinum  series  Ft  CI,  +  S  Ft  Ad,  +  4  Aq,  and 
Pt.  I3  +  Ft  Ad<2  +  4  Aq.  In  combination  there  is,  however, 
Ft  Cl^  +  Ft  Ady,  and  it  is  this  which  exists  in  Gros's  salts 
combined  with  the  common  salt  of  ammonia.  From  these  * 
circumstances,  I  consider  that  we  have  good  grounds  for 
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looking  upon  Gros's  salts,  the  sulphate  for  example,  as  cc 
taining  the  bichloramide  of  platina  united  with  two  equi^ 
lents  of  sulphate  of  ammonia  (Pt  Cl^  +  Pt  Ad^)  +  2  (NF 
O  +  S  O3).  As  to  the  objection  made  by  Gros  to  the  exi 
ence  of  common  sulphate  of  ammonia,  that  neither  the  a< 
nor  the  base  can  be  directly  detected,  it  is  well  remarked 
Berzelius  that  the  view  taken  by  Gros  does  not  in  the  slight 
degree  render  it  easier  of  explanation.  We  find,  howevi 
many  analogous  cases.  Thus  in  the  double  oxalate  of  chroi 
and  potash,  a  very  trifling  quantity  of  the  oxalic  acid  is  sho^ 
on  the  addition  of  a  salt  of  lime. 

I  consider  that  it  is  not  calculated  to  advance  science,  whc 
in  order  to  avoid  difficulties  in  the  rational  explanation  oft 
constitution  and  properties  of  any  substance,  the  theory  of  < 
ganic  radicals  is  employed  as  unreservedly  as  it  appears  n< 
to  be  by  many  chemists.  It  gives  an  air  of  simplicity  to  i 
actions,  very  attractive  at  first  sight,  and  very  convenient  f 
explanation,  but  which,  by  making  us  satisfied  by  surface  1 
semblance  or  plausibili^,  may  retard  important  investigatioi 
If,  in  accordance  with  Gros's  ideas,  we  make  Pt  CI  N^  Hg=:^ 
the  question  still  remains,  what  is  the  structure  of  X  ?  A] 
that  question  should  never  be  lost  sight  of.  But  the  substan 
described  by  Reiset  as  the  radical  of  Gros's  salts*,  and  whi( 
has  indeed  the  formula  of  it  (Pt  CI  N,  H^),  is  not  so  cons 
tuted ;  it  is  not  at  all  of  the  series  of  the  bichloride  of  platin 
to  which  Gros's  salts  belong,  but  to  the  protochloride,  beii 
Pt  CI  +  2  NH3,  whilst  Magnus's  salt  is  Pt  CI  -f  NH3.  This 
evident  from  the  way  it  is  made. 


L.  Some  Remarks  on  Messrs.  Francis  and  Croft's  Absiroi 
from  the  Foreign  Journals.     By  A  Correspondent. 

Sir, 

IT  has  lately  been  the  fashion,  especially  among  those  w 
have  spent  some  time  under  the  great  teachers  on  t 
continent,  to  declaim  much  against  the  backward  state  of  cl 
mistry  in  England,  and  to  censure  its  cultivators  in  this  count 
for  their  tardy  reception  of  the  new  doctrines  and  new  fa< 
continually  emanating  from  the  fertile  inventions  and  laboric 
investigations  of  their  continental  brethren. 

Perhaps,  to  a  certain  extent,  the  charge  may  be  W( 
founded,  and  thanks  are  due  to  Messrs.  Francis  and  Cn 
for  their  laudable  endeavours  to  remove  this  opprobrium. 

On  reading  their  abstracts  from  the  foreign  journals  insert 

*  Francis  and  Croft *8  Abstracts,  p.  ^84. 
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^our  ]ast  Number,  I  could  not,  however,  avoid  being  struck 
h  some  inconsistencies  in  the  reasonings  adduced;  and 
)uld  these  be  a  sample  of  what  we  are  generally  to  meet  with, 
may  account  in  good  measure  for  the  reluctance  manifested 
our  countrymen  to  adopt  every  new  theory  that  may  be 
t  forth,  even  under  the  sanction  of  men  whose  reputation 
nds  deservedljr  so  high.  Theories  now  succeed  each  other 
:h  such  surprising  rapidity,  that  scarcely  has  one  been 
izoned  to  the  world  ere  another  is  proposed  to  supersede 
and  this  experiences,  it  may  be,  a  dominion  of  still  shorter 
ration. 

Take,  for  example,  the  theory  of  the  constitution  of  alcohol, 
iich  MM.  Dumas  and  Stas,  in  their  last  paper,  propose  to 
Klify :  let  us  consider  the  views  that  have  been  taken,  or  may 
taken  of  its  molecular  arrangement,  and  then  let  us  decide, 
ve  can,  which  view  is  the  true  one,  or  even  whicH  may  be 
d  to  merit  the  preference. 

Alcohol.     Empirical  formula  C4  Hg  O, 

(1.)  Bihydrate  of  defiant  Gas  (C4  H3  -f  H)  -f  2  H  O. 
(2.)  Bihydrate  of  Etherine,  (C4  H4)  +  2  H  O. 

(3.)  Hydrate  of  oxide  of  Ethyl,  (C4  H5  +  O)  +  H  O. 
(4.)  Methylic  Aldehyd  -h  Marsh  Gas,  (CaH^Oj)  +  CaH4. 
(5.)  Bihydruret  of  Aldehyd,  &c.  &c.,  (C4  H4  O^)  +  H^. 
Each  of  these  views  may  be  said  to  be  supported  by  expe- 
nent  (1.)  Thus,  when  alcohol  and  sulphuric  acid  are  mixed 
certain  proportions,  and  heated,  olefiant  gas  and  water  are 
3  results.  (2.)  In  other  proportions,  the  same  ingredients 
sld  etherine,  or  etherole,  and  water;  (3.)  whilst,  in  again 
BTering  proportions,  oxide  of  ethyl  and  water  are  the  results. 
Thus  much  the  effects  of  acid  re-agency  on  alcohol :  MM. 
amas  and  Stas  have  tried  the  efiect  of  alkalies  in  producing 
decomposition.  The  results,  as  might  be  expected,  are 
ually  various. 

Heated  with  hydrated  alkBYieSf  acetate  of  the  base  is  formed 
d  hydrogen  evolved.  If  the  temperature  be  somewhat  raised, 
rbonic  acid  and  marsh  gas  result;  here  it  is  the  hydrated 
id  that  undergoes  this  decomposition,  C4  H4  O4  =  0^04  + 

In  this  instance  the  formula  of  acetic  acid  is  represented  to 
as  C4  H4  O4;  a  little  further  on,  when  mentioning  the  re- 
Its  of  the  transmission  of  aldehyd,  C4  H4  O^  over  heated  lime 
d  potassa,  acetic  acid  is  said  to  be  formed  by  the  action, 
d  the  formula  given  is  (C4  H3  O3),  the  true  formula  for  the 
hydrous  acid.  Surely  we  must  not  admit  and  discard  the 
esence  of  water  in  these  cases  just  when  it  suits  our  con- 
nience  to  do  so,  for  by  this  mode  of  proceeding,  alcohol 
d  ether  would  become  synonymous  and  convertible  terins, 
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C4  Hg  0<2  =  C4  H5  O.  In  the  experiment  just  described  H 
is  given  ofi^  and  it  is  concluded  that  aldehyd  is  analogous  to 
hydruret  of  benzule,  while  a  few  months  ago  the  opinion  of  its 
beinff  a  hydrate  of  oxide  of  acetyl  was  promulgated ;  and  both 
opinions  are  founded  on  experiment  I  but  this  by  the  way. 

(4.)  To  return  to  the  theory  of  alcohol.  After  stating,  as 
above,  the  decompositions  produced  by  hydrated  alkalies,  the 
abstract  (for  with  that  alone  I  am  at  present  dealing)  proceeds 
— *^  In  the  usual  preparation  of  acetic  acid,  two  atoms  of  hy- 
drogen are  replaced  by  two  atoms  of  oxygen ;  by  the  action 
of  alkalies  chloracetic  acid  C4  H  CI3  O4  [the  hydrated  add] 
is  decomposed  into  carbonic  acid  and  chloroform  C^  O4  -f  C^ 
H  CI3 ;  acetic  acid  is  decomposed  into  C^  O4  +  C^  H4,  or 
C,  O4  +  Cg  H3  H.  Alcohol  may  therefore  [I]  be  considered 
as  composed  of  two  bodies  representing  carbonic  acid,  one 
the  methylic  aldehyd,  the  other  marsh  gas,  C4  H^  O,  = 
Cg  H3  [intended,  I  suppose,  to  be  H4]  -f-  Cg  H,  O,  =  [or 
analogous  to]  C^  O4  -f  Cg  O4."  Why  we  are  to  consider 
alcohol  as  composed  of  marsh  gas  and  methylic  aldehyd,  to 
me  is  by  no  means  obvious  from  these  premises.  If,  how- 
ever, we  are  to  imagine  it  as  containing  a  compound  of  the 
methyl  series,  we  might,  as  it  seems  to  me,  with  as  much  reason 
suppose  alcohol  an  oxide  of  methyl  (C^  H3  -f  O)  with  which 
it  is  evidently  isomeric.  But  I  forget  myself;  this  supposition 
is  contrary  to  the  theory  of  types. 

The  abstract  continues :  ^*  In  the  usual  method  of  forming 
acetic  acid  C^  H^  O^  loses  H,  and  takes  up  0«,  there  then 
remains  C,  O,  Og  -f  Cg  H4  =s  C4  H4  O4,  or  acetic  acid.  By 
the  action  of  alkalies  H4  is  given  off;  the  water  of  the  hydrated 
alkali  is  decomposed,  Hg  is  developed,  and  Og  assimilated." 
If  these  changes  really  occurred,  it  is  evident  the  result  would 
be  an  oxalate,  not  an  acetate. 

1  eq.  hydrated  acetic  acid    =  C4  +  H4  -f  O4" 

2  eq.  water  from  the  alkali  =  Hg  +  Og    _ 

C4+He+06. 

C4  +  Og  2  eq.  oxalic  acid. 

H4  Evolved. 

Hg  Evolved. 

C4  +  He  +  Og 

Hence  it  appears  that  the  alkalies  act,  by  their  affinity  for 
carbonic  acid,  in  a  manner  analogous  to  that  in  which  sul- 
phuric acid  operates  by  its  affinity  for  water. 

(5.)  Lastly,  we  may  consider  alcohol  a  bihydruret  of  aldehyd, 
and  still  appeal  to  experiment  for  confirmation  of  our  view; 
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f  alcohol  be  passed  through  heated  porcelain  tubes,  the 

lucts  are  water,  aldehyd  and  carburetted  hydrogen*. 

r2  eqs.aldehyd...  Cg  Hg  O4 

1    u  1       r^    xj    n       J^eqs.  water H4  O4 

|s.  alcohol  =  C,e  H^  Og  =  <  j  ^^  ^j^g^^  ^^3  q^  jj^ 

1 2  eqs.  marsh  gas  C4  Hg 

Cj^  ri^  Og 
i  hydrogen  set  free  from  2  eqs.  of  alcohol  decomposing 
other  two,  as  here  represented.  These  are  but  a  few  of 
numerous  views  that  might  be  taken  of  the  constitution  of 
>hol.  Can  we  then  wonder  if  considerable  deliberation 
jld  be  exercised  before  closing  with  any  particular  theory  ? 
o  not  pretend  that  some  of  these  views  are  not  more 
ngly  supported  by  analogies  than  others ;  but  into  these 
uls  it  would  be  out  of  place  for  me  on  the  present  occa- 
{  to  enter. 

L  new  acid,  the  Ethalic,  is  described  in  this  paper,  the 
nula  of  its  hydrate  is  0^2  Hg^  O4;  this,  it  will  be  remarked, 
lentical  with  the  formula  given  by  Fremy  and  Stenhouse 
hydrated  palmitic  acid. 

Since  MM.  Francis  and  Crofl  have  undertaken  these  abs- 
ts  for  the  benefit  of  British  chemists,  I  would  beg  to 
gest  rather  more  attention  to  the  terminology  and  ortho- 
phy  of  new  compounds,  a  point  by  no  means  unimportant, 
ecially  when,  as  so  very  frequently  happens  in  the  present 
,  fanciful  and  arbitrary  names,  some  nearly  identical  with 
se  applied  to  totally  distinct  substances f,  are  imposed.  It 
esirable  that  in  the  same  paper  at  least  the  same  things 
uld  possess  the  same  names;  that,  for  example,  a  body 
uld  not  sometimes  be  called  valeric,  sometimes  valerianic 
] ;  nor  methyl,  msethyl ;  ethyl,  aethyl,  or  the  like, 
t  would  certainly,  moreover,  be  a  convenience,  if  in  these 
tracts,  which  we  sincerely  hope  may  be  continued,  the 
iperature,  instead  of  being  given  on  the  centigrade  scale 
y,  were  expressed  likewise  in  corresponding  degrees  of 
irenheit,  as  being  the  scale  generally  used  here, 
^ith  regard  to  the  symbols  mentioned  in  the  foot  note  at 
200,  in  which  it  is  queried  whether  the  plan  of  representing 
constitution  of  organic  bodies  merely  by  the  position  of 
figures,  as  proposed  by  Berzelius,  be  known  in  England, 
ely  on  the  present  occasion  we  may  rejoice  in  our  igno- 
re.    Our  symbols  are  already  sufiiciently  abridged  to  di- 

Turner's  ElemeDts  of  Chemistry,  Gregory's  edition,  p.  859. 

For  example,  ammelin,  ammelid;  phlorizine,  phlorizeine;  benzOei 
Eole,  benzole ;  and  the  cUorovalerisic  and  chlorovalerosic  acids  of  the 
ion. 
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minish  their  usefulness.  We  do  not  require  abbreviatii 
of  abbreviations.  Mistakes  arising  from  this  cause  are  alrei 
too  numerous.  How  liable  they  would  be  to  multiply  w 
we  still  further  to  complicate  our  systems  of  notation,  may 
imagined  by  reading  the  following  sentence  from  the  abstr 
already  so  often  quoted;  where,  speaking  still  of  the 
tion  of  hydrated  alkalies  on  various  substances,  it  is  si 
<^ Acetic  aether  gives  hydrogen  and  acetic  acid;  benz 
aether  gives  hydrogen,  benzoic  and  acetic  acids;  iodide 
ethyl  gives  iodide  of  potassium  and  olefiant  gas,  C4  H. 
[should  be  I]  -h  K  =  C4  H4  +  KI«[shouldbe  I,  andthedoto 
the  K  omitted]  +  HO.  This  aether  forms  with  chlorine ;  ch 
ride  of  ethyl  and  iodine  is  separated ;  y^^  E  F  is  exactly  simi 
to  RF."     Here  neither  R  nor  F  are  defined. 

I  am.  Sir,  your  obedient  servant. 
To  R.  Phillipsj  Esq.,  F.R.S.  ^c.  Sfc.  W.  A.  M 

March  5,  1841.  

Note. 

We  do  not  find  in  the  communication  of  our  Berlin  Correspond* 
any  thing  implying  unwillingness  on  the  part  of  English  chemists  to  rec 
"  new  doctrines  and  new  facts  "  from  abroad.  Messrs.  Francis  and  C 
merely  offer  to  assist  us  in  supplying  information  which  the  chemists  of 
own  country  are,  we  believe,  anxious  to  obtain.  Whatever  caution  ma; 
necessary  in  the  reception  of  new  doctrines,  correct  information  respee 
them  must  be  desirable ;  and  still  more  so  with  regard  to  new  fc 
Neither,  if  there  are  "inconsistencies  in  the  reasonings"  of  Dumas  and  S 
is  it  logical  to  infer  "  that  these  are  a  sample  of  what  we  are  general!; 
meet  with  "  among  continental  chemists ;  some  of  whom,  indeed,  are  i 
opponents  of  those  reasonings.  It  is  our  province  to  assist  in  brin^ 
them  under  examination. 

With  regard  to  the  remarks  on  the  Symbolic  Notation,  we  have  to  s 
that  our  Correspondents  are  not  accountable  for  any  ambiguity  wl 
may  appear  in  the  formulae  given  in  that  portion  of  their  communical 
which  appeared  last  month.  Some  of  those  formulae  were  altered  by 
with  the  intention  to  suit  the  views  generally  taken  by  English  chemi 
In  the  continuation  given  in  the  present  number,  however,  we  have  | 
ferred  leaving  the  symbols  exactly  as  written  by  Messrs.  Francis  and  Cn 
and  to  this  practice  we  intend  in  future  to  adhere.  As  to  the  ter 
nology,  we  presume  that  in  preparing  the  abstracts,  they  have  retai 
the  terms  employed  in  the  original  papers,  except  in  cases  where 
English  equivalents  were  obvious.  For  want  of  uniformity  in  ortbog 
phy  we  are  alone  to  blame.  Much  diversity  exists  among  our  chem 
writers ;  but  our  practice  has  been  to  prefer,  as  usual  in  English, 
Latin  orthography  of  Greek  terms,  and  not  to  present  them  in  a  Frei 
garb.  The  advantage  of  forming  terms  from  the  Greek  is  lost  by  sc  di 
guring  them  as  that  they  are  scarcely  to  be  recognised.  We  theref 
prefer  aether,  aethyl,  &c.,  more  especially  as  we  have  not,  like  the  Frcn 
the  accented  6  to  substitute  for  the  diphthong ;  nor  the  a  as  in  Germ 
We  are  fully  aware  that  with  the  present  immense  influx  of  new  nan 
the  subject  of  chemical  nomenclature  requires  strict  critical  supervisi 
and  we  trust  it  may  engage  the  further  attention  of  Professor  Whew 
who  has  so  ably  treated  certain  parts  of  the  subject  in  his  Philosophy 
the  Inductive  Sciences. — Edit. 
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LI,    On  the  Cause  of  the  Production  of  Daguerreotype  Pictures. 
By  Martyn  J.  Roberts,  Esq. 

To  the  Editors  of  the  Philosophical  Magazifie  and  Journal. 

Gentlemen, 
A  LTHOUGH  the  Daguerreotjjpe  process  has  long  excited 
-^^  intense  interest  in  the  scientific  world,  we  have  not  as 

Set  had  an  explanation  of  the  wonderful  effects  produced.  I 
elieve  that  even  M.  Arago  has  failed  to  elucidate  the  theory; 
and  not  only  has  this  great  philosopher  been  foiled,  but  the  in- 
ventor of  the  process  is  unable  to  solve  the  problem ;  with 
these  facts  before  me,  I  feel  it  almost  presumptuous  in  so  hum- 
ble a  votary  of  science  as  myself  to  attempt  an  explanation 
of  the  cause  of  the  production  of  Daguerreotype  pictures,  but  if 
my  attempt  has  the  effect  of  directing  attention  to  the  right 
path  for  arriving  at  a  solution  of  the  question,  I  shall  be  sa« 
tisfied.  We  all  know  that  light  has  a  powerful  influence  on 
crystallization;  solutions  that  will  not* crystallize  in  the  dark 
instantly  form  on  the  admission  of  light;  the  crop  of  crystals 
is  always  more  copious  on  the  enlightened  side  of  a  glass 
containing  a  crystallizing  liquid  than  on  the  dark  side.  Ice 
forms  more  rapidly  durmg  moonlight,  and  on  the  break  of 
day,  than  on  a  dark  night ;  but  I  need  not  adduce  examples 
of  the  influence  of  light  on  crystallization,  for  tlie  fact  is 
allowed  by  all  scientific  men. 

LfCt  us  then  suppose,  that  in  the  Daguerreotype  process  the 
cleansed  silver  plate  is  exposed  in  the  dark  to  the  vapour  of 
iodine;  this  deposits  itself  in  a  flocculent  or  powdeiy  state 
on  the  plate,  unable  to  form  the  peculiarly  shaped  iodic  cry* 
stals,  from  the  absence  of  light ;  but  yet  all  other  requisites 
being  present,  it  may  be  considered  in  an  incipient  state  of 
ci-ystallization,  or  balanced  so  finely,  that  the  admission  of  the 
excitant  light  instantly  throws  it  into  plate-formed  iodic  cry- 
stals, but  only  in  those  parts  where  the  light  has  impinged, 
and  here  its  perfection  of,  or  continuity  of  crystallization,  is 
merely  in  proportion  to  the  intensity  of  light. 

Having  now  the  iodated  plate  removed  from  the  camera 
obscura,  where  it  has  undergone  a  surface  cr}'stallization, 
more  or  less  perfect  in  those  parts  where  the  lights  and  shades 
have  fallen,  we  submit  it  to  the  mercurial  vapour ;  the  atoms, 
vesicles,  or  globules  of  this  vapour  being  very  minute,  attach 
themselves  to  ail  the  minute  inequalities  of  face  in  the  iodine; 
on  those  parts  which  are  fully  crystallized,  the  vapour  is  pre- 
cipitated on  the  flat  tabular  surface  of  the  crystals,  and  here 
offering  a  continuous  and  equal  angle  of  reflection  to  the  eye 
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it  appears  white  and  resplendent    On  the  non-crystallized 
imperfectly  crystallized  surface  of  the  iodine,  which  being 
a  measure  powdery  and  offering  no  determinate  angle  of 
flection  to  the  eye,  the  mercurial  vapour  adheres,  but  in 
flat  surface  or  continuous  determinate  angle  capable  of 
fleeting  a  mass  of  light;  it  may  be  said  it  is  here  unpolisha 

Again,  may  not  the  angle  under  which  it  is  necessary 
view  a  Daguerreotype  picture  be  that  of  the  facet  of  the  io 
crysta],  and  this  be  a  further  confirmation  of  my  theory?  1 
mercurial  vapour  covers  the  whole  of  the  iodine,  and  tl 
protects  it  from  the  further  action  of  light. 

Such  are  the  crude  views  I  have  formed  on  this  subject,  s 
I  trust  they  may  lead  to  a  further  elucidation. 
I  am.  Gentlemen,  yours,  &c. 

London,  March  19,  1841.  Martyn  J.  RoBEBT 


LI  I.     Notices  respecting  New  Books. 
A  System  ofCrystanography,  By  John  Joseph  Gbiffik.  Glasg.  18 

WE  have  been  favoured  with  a  copy  of  a  work  bearing  the  ab 
title,but  which  might  better  have  been  called  "A  descriptio] 
120  porcelain  models  of  crystals,  according  to  a  method  newly 
vented  by  the  author";  for,  with  regard  to  Crystallography,  we  roi| 
on  first  turning  over  the  uncut  leaves,  and  meeting  with  zenith  ; 
nadir  of  crystals,  and  north-east,  north-west,  and  other  meridii 
have  supposed  that  the  object  of  the  book  was  to  create  a  lai 
at  the  expense  of  the  cultivators  of  that  science  ;  but  recollecting 
cost  of  publishing  a  rather  bulky  octavo  volume,  we  felt  compel 
to  suppose  the  author  serious,  and  we  accordingly  began  at 
preface  to  separate  some  of  the  leaves. 

The  first  Ime  of  the  treatise  defines  crystallography  to  be  "  the 
of  describing  crystals."  But  this,  according  to  our  notions  on 
subject,  is  only  one,  and  not  the  most  important  of  its  objects, 
have  been  accustomed  to  regard  crystallography  as  a  science  < 
much  higher  order,  by  which  the  mineralogist  is  enabled,  froi 
fragment  of  a  crystal,  to  discover  its  relation  to  some  simple  t 
by  which  he  may  connect  it  virith  the  species  of  mineral  to  whic 
belongs. 

This  view  of  the  subject,  however,  does  not  appear  from  the  ah 
definition  to  have  entered  into  Mr.  Griffin's  contemplation,  and 
system  therefore,  even  if  it  possessed  the  merit  he  ascribes  to  it,  wc 
render  no  additional  service  to  mineralogy. 

We  cannot  afford  either  time  or  space  for  even  a  brief  analyai 
the  author's  method,  nor  do  we  conceive  that  we  should  much 
nefit  oiu:  readers  by  giving  it;  we  shall  therefore  limit  ourse 
to  a  few  extracts  and  remarks. 

The  preface  begins  thus  :  "  There  are  many  systems  of  crya 
lography  in  print,  but  none  in  general  use,"  a  fate  from  which 
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may  confidently  predict  the  work  before  ub  will  not  be  exempt. 
"  The  different  systems,"  it  proceeds,  **  hitherto  publiished  have 
failed  to  satisfy  the  wants  of  the  public'*  We  do  not  know  to  what 
public  Mr.  Griffin  refers.  Surely  not  to  those  by  whom  the  tens  of 
thousands  of  copies  of  'Nicholas  Nickelby'  and  *  Jack  Sheppard' 
are  eagerly  purchased,  or  the  novels  of  fashionable  life  as  eagerly 
])eru8ed ;  and  if  not  to  these,  what  reading  public  is  to  be  found, 
and  more  especially  where  the  cultivators  of  science,  whose  wanta 
the  existing  works  on  Crystallography  have  failed  to  satisfy  ? 

The  different  systems  to  which  our  author  alludes  are,  he  con- 
tinues, "  either  too  difficult  to  learn,  or,  when  learnt,  too  troublesome 
for  service.  Hence,"  he  says,  "  crystallography  is  little  studied  by 
chemists  or  mineralogists ;  and  the  consequence  is,  that  for  want  of 
a  language  in  which  observations  can  be  recorded,  the  study  of  crystal- 
lization is  also  shunned."  Our  mineralogical  readers  must  know  that 
this  statement  is  unfounded ;  and  we  can  only  account  for  its  having 
dropped  from  the  pen  of  Mr.  Griffin,  by  supposing  the  preface  to 
have  been  written  after  the  work  was  finished,  and  the  author  to 
have  entirely  forgotten  not  only  a  work  to  which  he  has  so  frequently 
referred,  but  even  the  name  of  William  Phillips. 

The  prefiBice  proceeds  to  state  that  "  the  present  publication  is  an 
attempt  to  show  the  way,  not  merely  how  to  describe  a  crystal,  but 
how  to  do  it  easily." 

The  following  are  examples  of  the  simple  and  easy  method  of  de- 
scription employed  by  the  author  : 
54.  TuBKEaiTs.    Pictite.    Cleavages  m,  T. 
6.  5.  t,  m  ^  t,  M^T,  m|t.  ^F^M  Z«n,  ^p-m  Zn«,  Jp-  u  Zs, 
Jp-M-^  T  Zn'e  Zn«w,  5  (|p— m»t)  Zne«Znw«, 

2p,m-^t  Zs«e  Zs«w,  Jp-f  mjt  Zse«  ZswS P84«. 

5.  5.  T,  M^T,  M-ftT.  mjt.  JP^M  Z«n,  ^p-m  Zs, 

3p— m,t  Zne  Znw,  p— m,t  Zse  Zsw, Ly82*. 

Partll.  p.  91. 
Akobthitb. 

5.  3.  T,  iM|Tnw,  ^M^Tne.  ip,m,t,Znw«,  iP,M,T.Z«ne, 

^p,myt,  Zn«e,  ^p,m,t,Zne«,ip,m,t,  Zs«e»,^p,m,t,  Zs^e, 
ip,m,t,Z8«w« 113«>,". 

6.  3.  T,  iM|T  nw,  ^M^T  ne.  ip.m^t,  Znw«,  iP.MyT,  Z«ne, 

3  (ip,m,t.  Zne),  4  (ip.m,t,  Zse),  2  (ip,m,t.  Zsw),. . . .  R3^^K 
5.  5.  T,  iM|T  nw,  JMf T  ne.  ip,m,t,  Znw«,  ^P^M^T"  Z«ne, 

ip,myt,Zn«e,ip,m,t.Zne«, RS^,^. 

5.  5.  T,  ^MJT  nV,  ^m+t  nw^  i    |T  n^e,  Jm+ 1  ne% 

ip^yt,  Znw»,  iP,MyT.  Z«ne,  ^p^m^t,  Zne«, 

4(iP«m,t,  Zse),  3  (ip«m,t,  Zsw), R3". 

Part  IL  p.  93. 
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Here  Z  stands  for  zenith. 
N      „     „     nadir, 
e,  w,  n,  8,     east,  west,  north,  south. 
P  M  T  denote  faces,  p,  m,  t,  axes. 
And  in  p.  2  of  the  first  part  we  find  that  the  subscript  indicc 
X,  y,  z,  imply  unknown  or  variable  axes. 

The  indices  representing  powers  of  the  quarters  of  the  compass  a 
thus  explained  in  p.  24  of  Part  I.  : 

••  In  Phillips's  Mineralogy,  p.  174,  there  is  a  figure  of  a  crystal 
Fluorspar,  which  has  32  vertical  planes,  the  arrangement  of  which 
as  follows,  taking  the  nw  quadrant  as  an  example  : 

n       n*w  n'w     nV       nw        nw^        nw*         nw*         w 

M;  MT4*i.,  MTt,  MT+,  MT,  M+T,  MIJT.  M^i^T,  T. 

•*  The  signs  +,  %>  -A-  ^  ^^  ^^®*®  symbols,  indicate  the  gre 
greater,  and  greatest  distance  of  the  poles  of  the  axes  referred  i 
while  the  figures  2,  3,  4  indicate  the  great,  greater,  and  greats 
proximity  of  the  poles  to  whose  symbol  they  are  added." 

It  would  have  been  more  satisfactory  to  us  to  have  found  occasi 
to  commend  this  performance,  instead  of  regretting  as  we  do  that 
much  time  and  labour  should  have  been  employed  upon  a  system 
little  inviting  in  its  notation,  and  affording  so  small  a  chance 
finding  readers.  n^if^ 


Elements  of  Chemistry,  including  the  most  recent  discoveries  and  i 
plications  of  the  Science  to  Medicine  and  Pharmacy,  and  to  \ 
Arts.     By  Robert  Kane,  M.D.,  M.R.I. A.,  Professor  of  Natu 
Philosophy  to  the  Royal  Dublin  Society,  and  of  Chemistry  to  t 
Apothecaries'  HaU  of  Ireland,  &c.     Part  I.  Dublin,  1840,    8i 
pp.  356,  with  120  wood-cuts. 
The  following  is  an  analysis  of  the  first  part  of  this  work. 
Introduction.— Objects,  Utility,  and  Origin  of  Chemistry. 
Chapter  I.  Of  Gravity  and  Cohesive   FoacEs  as  charactbrizi 
Chemical  Substances.— Specific  gravity  of  Liquids,  Gases  and  Soli 
Constitution  of  Matter.   Infinite  Divisibility.   Ultimate  Particles  of  MaU 
Molecular  Constitution.      States  of  Aggregation.    Limits  of  Cohesi( 
Capillarity.    Elasticity  of  Gases.    Correction  for  Pressure.    Liquefact 
of  Gases,    Solubility.      Phaenomena  of  Solution.    Formation  of  Crysl 
by  Fusion  and  Solution.    Dimorphism.    Crystallization.     Primary  and : 
condary  Forms  of  Crystals,    Systems  of  Crystallization.     Regular  Sysu 
Hemihedral  Forms.     Rhombohedral  System.    Square.  Right,  and  Obli< 
Systems.      Doubly  Oblique  System.    Pseudomorphism.    Forms  modii 
by  Foreign  Bodies.     Isomorphism.    Goniometers. 

Chapter  II.  Of  the  Properties  of  Light  as  characterizing  Ci 
MiCAL  Substances.— Simple  Refraction.  Double  Refraction.  Crystall 
Systems.  Decomposition  of  Light.  Prismatic  Colours.  Analysis 
Absorption.  Natural  Colours  of  Bodies.  Polarization  of  Light.  Act 
of  Crystallized  Bodies  on  Polarized  Light.  Crystalline  Systems  kno 
by  Polarized  Light.  Macled  Crystals.  Circular  Polarization.  Rotat 
Power  of  Liquids.  Plagihedral  Crystals.  Wave  Theory  of  Light.  Inl 
ference  of  Light.  Phosphorescence.  Chemical  Agencies  of  Light,  C 
mical  Rays  in  the  Spectrum. 
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Cliapterlll. — Or  Heat  considzreo  as  CRAftACTzaiziNG  Cusmical 

BSTANCES. 

Sect.  I.  Of  jKipanfton.— Repulsive  |)ower  of  heat.  Influence  of  co- 
lioD  on  expansion.  Of  the  measure  of  heat.  Nature  of  temperature, 
mstniction  and  use  of  air-thermometers.  Mercurial  thermometer,  its 
inciple  of  correction.  Determination  of  the  standard  interval.  Con- 
uction  of  the  various  thermoroetric  scales.  Estimation  of  tempera- 
res  above  the  boilii^  point  of  mercury.  Daniell's  pyrometer.  Nobili's 
srmo.multiplier.  'fable  of  temperatures.  Expansion  of  air.  Results 
tained  by  Dalton,  Gay-Lussac,  and  Dulong  and  Petit.  Rudberg's  cor- 
:tion  of  them.  Correction  of  volumes  for  change  of  temperature.  De- 
ininatiou  of  the  expansion  of  liquids.  Expansibility^  of  liquids  changes 
th  the  temperature.  Determination  of  the  expansion  of  solids.  £x- 
asibility  of  solids  increases  with  the  temperature :  exceptions  to  this 
le.  EiBfects  of  the  expansion  of  compound  metallic  bars.  Metallic 
srmometer  of  Breguet.    Compound  pendulum. 

Sect.  II.  Of  Specific  Heat. — Method  of  mixtures.  Process  of  Dulong 
d  Petit.    Researches  of  Lavoisier  and  Laplace.  Calorimeter.    Relation 

specific  heat  and  chemical  constitution.  Specific  heats  of  atoms. 
»t  by  chemical  combination.  Determination  of  the  specific  heats  of 
tea. 

Sect.  III.  Of  LiquefacHon. — Latent  heat  Absorption  of  heat  during 
uefiiction.  Heat  evolved  in  solidifying.  Cold  by  liquefaction.  Arti- 
tal  cold  produced  by  frigorific  mixtures.  Nature  of  special  heat. 
Sect  Iv.  Of  Faporixation, — Latent  heat  of  vapours.  Vaporization 
x>mpanied  by  great  increase  of  volume.  Determination  of  the  elasti- 
ies  of  vapours.  Relations  of  vapours  to  temperature  and  pressure, 
iture  of  the  boiling  point.  Alterations  of  the  boiling  point  with  the 
>erincumbent  pressure,  and  the  nature  of  the  vessel.  Apparent  anoma- 
is  property  of  liquids.  Sum  of  latent  and  sensible  heat  constant, 
tificial^  cold  produced  by  the  evaporation  of  liquids.  Spontaneous 
iporation.  Gases  and  vapours  ofTer  no  resistance  to  each  otner's  elasti- 
y.  Correction  for  moisture.  Hygrometers.  Moist  bulb-hygrometer, 
jiiell's  hygrometer.  Analogy  of  solution  to  vaporization.  Steam  as  a 
ndng  power.  Similarity  of  constitution  of  gases  and  vapours.  Specu- 
ion  on  the  boiling  points  of  the  condensed  gases. 
Sect,  y.  Of  the  lyantmisthn  of  Heat  through  Bodies. — Conduction  of 
it.    Relative  conducting  power  of  solids  and  liquids.    Communication 

heat  by  gases.  Communication  of  heat  by  cliiTusion  and  radiation. 
[>perties  of  radiant  heat  Of  the  radiating,  absorbing,  and  reflecting 
wers  of  bodies.  Researches  of  Melloni  and  Fori)e8  on  radiant  heat, 
fleeting  power  of  bodies  as  determined  by  Bufi;  Permeability  of  bodies 
heat  from  sources  of  different  temperatures.  Analogy  of  heat  to  co- 
ired  light  Polarization  of  heat.  Relations  between  the  physical  con- 
luiions  of  heat  and  light.  Change  of  refraogibility  of  heat. 
Sect  VI.  Of  the  Cooling  of  Bodie%. — Equilibnum  of  temperature.  Theory 
dew  and  frost  Sources  of  terrestrial  heat.  Central  heat  of  the  Earth. 
[Chapter  IV. — Of  ELECTatciTY  coNSiDEasD  as  cRAaACTEaiziNO  Che- 
:al  Substakces.  Nature  of  electricity.  Statical  and  dynamical  elec- 
rity. 

Sect.  I.  Of  Statical  Electricity. — ^Electricity  produced  by  friction, 
nductors  and  insulators.  Relative  conducting  powers.  Velocity  of 
;tion  of  electricity.  Distribution  of  electricity.  Opposite  conditions 
excitation.  Gold.leaf  electroscope.  Electrical  attractions  and  repulsions, 
utralization  of  opposite  electricities.  Law  of  electrical  attractions. 
cones  of  electricity.  Theory  of  two  fluids.  Theory  of  one  fluid. 
Phil.  Mag.  S.  3.  Vol.  18.  No.  117.  April  1841.         X 
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Electrical  machines.  Theory  of  the  electrical  machine.  Quadrant '  elec- 
trometer. Various  modes  of  excitation.  Excitation  by  induction.  Theory 
of  the  prime  conductor.  Theory  of  the  gold- leaf  electroscope,  Doublers 
and  condensers.  Construction  and  theory  of  the  Leyden  jar.  Electro* 
phorus  of  Volta,  Induction  an  action  of  contiguous  particles.  Specific 
inductive  capacity.  Lateral  inductive  action.  Difference  betweeo  con- 
ducting and  non-conducting  bodies.  Relation  of  induction  to  conduction. 
Other  sources  of  statical  excitation.    Atmospheric  electricity. 

Sect.  II.  Of  Dynamical  Electricity.  —  Magnetic  electricity,  thomo- 
electricity,  chemical  electricity,  animal  electncity.  Galvanic  electricity. 
Conditions  of  the  generation  of  a  galvanic  current.  Simple  galvanic  cir- 
cles. Connexion  of  galvanic  and  chemical  action.  The  direction  of  the 
current  determined  by  the  chemical  action.  Principle  of  electrotype 
copying.  Compound  voltaic  circles.  Theory  of  the  voltaic  battery. 
Relation  of  intensity  and  quantity.  Statical  action  of  the  battery, 
Volta's  theory  of  contact.  Chemical  theory  of  the  battery.  Various 
forms  of  galvanic  batteries.  Interfering  action  of  common  zmc.  Amal- 
gamation of  zinc  plates.  Forms  of  constant  batteries  by  MuUins,  Dantell 
and  Grove.  Relative  conducting  powers  of  bodies  for  voltaic  electricity. 
First  discoveiT  of  galvanism.  \^ou8  kinds  of  galvanoscopes.  Tkemuh 
electricUy.  Thermo-electric  currents.  Production  of  cold  by  electricity. 
Construction  of  the  thermo-multiplier  of  NobilL  Magnetic  electricity. 
Magnetism  a  form  of  electricity.  Magnetic,  properties  of  iron  and 
steel.  Magnetic  attraction  and  repulsion.  Intimate  structure  of  magnets. 
Magnetic  properties  of  a  galvanic  current.  Attraction  and  repulsion  of 
currents.  Electro-magnetitm.  Action  of  a  galvanic  current  on  a  magnet. 
Astatic  combinations  of  magnets.  Construction  of  the  galvanometer. 
Magneto-electric  induction. 

Chapter  V.— Of  Chbuical  Nomenclatuee. — Table  of  simple  bodies 
and  their  symbols.  General  principles  of  the  Lavoisierian  nomenclature. 
Construction  of  the  names  of  simple  bodies  and  primary  compounds. 
Construction  of  the  names  of  various  classes  of  primary  compounds. 
Names  of  secondary  compounds.  Ternary  and  quaternary  compounds. 
Symbolical  nomenclature. 

Chapter  VI.— Of  Chehical  Affinity,  and  its  relations  to  Heat, 
TO  Light,  and  to  Cohesion.— Nature  of  chemical  affinity.^  Principles  of 
elective  decomposition  as  characteristic  of  chemical  afBnity.  Order  of 
elective  decomposition.  Of  double  decomposition.  Of  quiescent  and  di- 
vellent  forces.  Order  of  affinity  not  constant.  The  power  of  affinity  in- 
fluenced by  external  modifying  causes.  Characteristic  distinctions  be- 
tween affinity  and  cohesion.  Diversity  of  chemical  properties  equally  a 
cause  and  an  effect  of  chemical  action.  Influence  of  external  physical 
agents  upon  chemical  affinity.  I.  Influence  of  cohesion.  Influence  of 
cohesion  on  the  order  of  chemical  decomposition.  Mode  of  arrangement 
of  acids  and  bases  which  co-eiist  in  solution.  Distribution  not  invariable. 
2.  Influence  of  elasticity.  Change  in  the  order  of  decomposition  produced 
by  cohesion  and  elasticity.  Change  in  the  order  of  decomposition  pro* 
duced  by  various  modifying  causes.  Relation  of  affinity  to  neutralizing 
power.  Influence  of  Ughi  on  chemical  affinity.  Photoffraphic  drawing. 
Colouring  effects  of  the  chemical  rays.  Interference  of  the  chemical  rays. 
Theory  of  the  formation  of  Daguerreotype  images. 

Chapter  VII.— Of  the  Light  ana  Heat  disengaged  dueing  Chemi- 
cal Combination.— Nature  of  combustion.  Products  of  slow  combustion. 
Aphlopistic  lamp.  Action  of  spongy  platinn  on  gaseous  mixtures.  Con- 
struction of  the  platina  gas-lamp.  Constitution  of  flame.  Blowpipe. 
Heating  effects  of  flame.  Cooling  dSTects  of  apertures.  Construction  ot  m 
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ety-larop.  Determination  of  the  quantity  of  heat  evolved  in  perfect 
mbustion.  Experiments  of  Despretz  and  Hess.  Theories  of  combustion 
;>po8ed  by  Lavoisier  and  others.  Heat  of  combination  derived  from  the 
ange  of  specific  heat  in  combustion. 

Chapter  VIII.— Or  the  Influence  op  Electkicity  on  Chemical 
FiNiTY. — Electro-chemical  decomposition.  Chemical  affinity  is  elec« 
cal  attraction.  Electro-chemical  classification.  Electro*chemical  theories 
9po«ed  by  Davy,  Ampere,  and  Berzelius.  Elements  evolved  not  on 
:racting  poles,  but  on  the  limiting  surfaces  of  the  liquid.  Internal  mo« 
ular  mechanism  of  electro-chemical  decomposition.  Phsenomena  of 
insfer  described.  Of  electrolysis  and  electrolytes.  Electro-chemical 
Liivalents.  The  chemical  voltameter.  Molecular  arrangement  of  the 
!ments  of  the  generating  cell.  Theory  of  galvanism.  Origin  of  the  gal- 
lic current.  Compound  bodies  formed  by  the  current.  Agency  of  weak 
rreuts  in  the  production  of  compound  bodies.  Synthetic  action  of 
rtricity.  An  electro- chemical  theory  proposed  by  the  author.  Theory 
the  relations  of  electricity  and  affinity.  Electro-chemical  theory  pro^ 
led  by  Becquerel.    Of  the  measure  of  affinity. 

Chapter  lA.— On  the  I^aws  of  Combination. — Numerical  determi- 
:ion  of  chemical  equivalents.  Scales  of  chemical  eouivalenls.  Table  of 
!  equivalents  of  simple  bodies.  Double  decomposition  occurs  in  equiva- 
it  proportions.  Equivalents  of  compound  bodies.  Law  of  multiple 
)portions.  Researches  of  Pronot  on  the  definiteness  of  composition. 
Hhods  of  determining  the  equivalent  constitution  of  bodies.  Law  of 
iltiple  proportions.  Theory  of  volumes.  Equivalent  volumes  of  simple 
1  of  compound  bodies.  Calculations  of  the  theoretical  specific  gravities 
compound  vapours. 
Chapter  X. — Of  the  Relations  of  Chemical  Constitution  to  th£ 

3LECULAB  STRUCTURE  OF  BoOIES. 

Sect.  I.  Of  the  Atomic  2%tfory.— Dalton's  theory  of  combination.  Phy- 
d  and  chemical  atoms. 


LI  1 1.    Proceedings  of  Learned  Societies. 

ROYAL  SOCIETY. 
[Continued  from  p.  141.] 

€.  10,  A  MEMORANDUM,  addressed  to  the  Royal  Society, 
840.  -^  November  28th,  1840,  by  Martin  Barry,  M.D.,  F.R.S.. 
&  Ed.,  was  read. 

Dr.  Barry,  in  reference  to  the  memorandum  of  Mr.  Wharton  Jones, 
iming  for  himself  the  contemporaneous  discovery  of  the  germinal 
)t  in  the  mammiferous  ovum,  states  that,  after  having  bestowed 
isiderable  pains  to  ascertain  who  was  the  original  observer  of  a 
uctnre  which  has  proved  to  be  of  great  importance,  he  had  men- 
ned  incidentally  in  his  paper  the  result  of  his  inquiry,  namely,  that 
J  merit  of  the  discovery  was  due  to  Professor  Rudolph  Wagner ;  but 
serves  that  the  inquiry  may  be  resumed  by  all  who  will  take  the 
»uble  to  examine  the  works,  both  in  German  and  English,  on  this 
bject ;  and  that  he  will  ever  be  open  to  conviction,  and  ready  to  de- 
ire  his  change  of  opinion,  on  the  production  of  sufficient  evidence. 
A  communication  was  also  read,  entitled  "  Supplementary  Note 
a  Paper,  entitled  '  Researches  in  Embryology.    Third  Series : 
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ibution  to  the  Physiology  of  Cells.* "  By  Martin  Bany,  MJ 
L.&Ed.» 

e  paper  referred  to,  the  author  had  shown,  that  after  the  ovi 
Rabbit  has  entered  the  Fallopian  tube,  cells  are  found  c 
iround  its  thick  transparent  membrane  or  "  zona  pellucid^ 
cells,  by  coalescing,  form  a  thinner  membrane — ^the  incipi^ 
I.  He  now  adds,  that  the  foimation  of  this  thinner  membra 
>t  exhaust  the  whole  layer  of  these  cells ;  but  that  a  Rtrati 
I  is  found  remaining  on,  and  entirely  surrounding  the  "  zoni 
le  thinner  membrane  has  risen  from  it.  The  fluid  space  al 
n  the  "  zona"  and  the  thinner  membrane,  presents  a  lai 
r  of  cells  or  discoid  objects,  each  of  which  contuns  a  bi 
pellucid  and  highly  refracting  globule.  In  some  parts,  seve 
3  discs,  closely  joined  together,  have  the  appearance  of  shrc 
ibrane ;  in  o^ers,  there  are  found  pellucid  globules,  some 
are  exceedingly  minute.  The  discs  now  mentioned  coll< 
periphery,  for  the  thickening  of  the  chorion.  They  seem 
i  from  the  region  of  the  "  zona ; "  and  probably  have  th 
in  the  cells  by  which  the  latter  is  surrounded.  If  so,  the  s 
inks  we  cannot  suppose  them  to  arise  in  any  other  way  tfa 
iich,  according  to  his  observations,  appears  to  be  the  univer 
f  reproduction ;  namely,  by  division  of  the  nuclei  of  the  j 
Us.  Nor  can  we  suppose  that  minuteness  is  any  hinderai 
'  subsequent  increase  by  the  same  means, 
mber  17,  1840. — 1.  "Present  state  of  the  Diamond  Mil 
onda,"  By  T.  J.  Newbold,  Esq.,  of  the  Madras  Army,  A.D 
or-6eneral  Wilson,  K.B.  Communicated  by  S.  H.  Christ 
I.A.,  Sec.  R.S. 

author  gives  an  account  of  the  tract  of  country  in  which  1 
d  mines  of  Golconda  are  situated,  and  of  the  processes 
the  diamonds  are  obtained.  The  latter  consist  merely 
;  out  the  rolled  pebbles  and  gravel,  and  canying  them  to  sm 
reservoirs,  raised  on  mounds,  having  their  bottom  paved  w 
and  then  carefully  washing  them.  Dry  weather  is  select 
'  on  these  operations,  in  order  to  avoid  the  inconvenience  a 
i  of  draining.  A  desciiption  is  then  given  of  the  mines 
npully,  Munimudgoo,  Condapilly,  Sumbhulpoor,  and  Poon 
llekund. 

Magnetic-term  Observations  made  at  Milan."  By  Profea 
Director  of  the  Observatory  at  that  place  :  also  "  Magnet 
bservations  made  at  Prague."  By  Professor  Kreil,  Direc 
)bservatory  at  that  place. 

On  the  Production  of  Heat  by  Voltaic  Electricity."  By  J. 
Esq.  Communicated  by  P.  M.  Roget,  M.D.,  Sec.  R.S. 
inquiries  of  the  author  are  directed  to  the  investigation  of  t 
f  the  different  degrees  of  facility  with  which  various  kinds 
jf  different  sizes,  are  heated  by  the  passage  of  voltaic  el< 
The  apparatus  he  employed  for  this  purpose  consisted  ol 

I  abstract  of  Dr.  Barry's  Third  Series  of  Researches  in  Embryolc 
1  in  L.  and  E.  Phil.  Mag.,  vol.  xvi.  p.  5^;  vol.  xvii.  p.  385.— £di 
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L  of  the  wire,  which  was  to  be  subjected  to  trial,  placed  in  a  jar 
eniter,  of  which  the  change  of  temperature  was  measured  by  a  very 
sible  thermometer  immersed  in  it ;  and  a  galvanometer,  to  indicate 
quantity  of  electricity  sent  through  the  wire,  which  was  estimated 
the  quantity  of  water  decomposed  by  that  electricity.  The  con- 
sion  he  draws  from  the  results  of  his  experiments  is,  that  the  ca- 
ific  effects  of  equal  quantities  of  transmitted  electricity  are  pro- 
tioual  to  the  resistances  opposed  to  its  passage,  whatever  may  be 
:  length,  thickness,  shape,  or  kind  of  metal  which  closes  the  cir- 
t :  and  also  that,  cateris  paribus,  these  effects  are  in  the  duplicate 
io  of  the  quantities  of  transmitted  electricity  ;  and  consequently 
0  in  the  duplicate  ratio  of  the  velocity  of  transmission.  He  also 
srs  from  his  researches,  that  the  heat  produced  by  the  combustion 
unc  in  oxygen  is  likewise  the  consequence  of  resistance  to  electric 
iduction. 

rhe  Society  then  adjourned  over  the  Christmas  recess,  to  meet 
dn  on  the  7  th  of  January  next. 

January  7,  1841. — The  following  communication  was  read,  viz. — 
*  Variation  of  the  Magnetic  Declination,  Horizontal  Intensity, 
i  Inclination  observed  at  Milan  on  the  2drd  and  24th  December 
10."  Communicated  by  Professor  Carlini,  Director  of  the  Milan 
servatory. 

A  paper  was  also  read,  entitled,  "  On  the  Chorda  dorsalis."  By 
irtin  Barry,  M.D.,  F.R.SS.  L.  &  E. 

rhe  author  of  this  communication,  after  pointing  out  the  similarity 
appearance  between  an  object  noticed  by  him  in  the  mammiferous 
im,  and  the  incipient  chorda  dorsalis  described  by  preceding  ob- 
vers  in  the  ova  of  other  Vertebrata,  mentions  some  essentisd  dif- 
ences  between  his  own  observations  and  those  of  others  as  to  the 
ture  and  mode  of  origin  of  these  objects,  and  their  relation  to  sur- 
mding  parts.  Von  Baer,  the  discoverer  of  the  chorda  dorsalis, 
{cribes  this  structure  as  "  the  axis  around  which  the  first  parts  of 
i  foetus  form."  Reichert  supposes  it  to  be  that  embryonic  struc- 
«  which  serves  as  **  a  support  and  stay  "  for  parts  developed  in 

0  halves.  The  author's  observations  induce  him  to  believe  that, 
tead  of  being  "  the  axis  around  which  the  first  parts  of  the  foetus 
m,"  the  incipient  chorda  is  the  last-formed  row  of  cells,  which 
^e  pushed  previously-formed  cells  farther  out,  and  that,  instead  of 
ng  merely  "  a  support  and  stay "  for  parts  developed  in  two 
ives,  the  incipient  chorda  occupies  the  centre  out  of  which  the 
wo  halves  "  originally  proceeded  as  a  single  structure,  and  is  it- 
f  in  the  course  of  being  enlarged  by  the  continued  origin  of  fresh 
)stance  in  its  most  internal  part 

rhe  author  enters  into  a  minute  comparison  of  the  objects  in  qnes- 
n ;  from  which  it  appears  that  the  incipient  chorda  is  not,  as  Baer 
)posed,  developed  into  a  globular  form  at  the  fore  end,  but  that 
i  linear  part  is  a  process  from  the  globular ;  and  that  the  pellucid 
rity  contained  within  the  latter — a  part  of  prime  importance,  being 

1  main  centre  for  the  origin  of  new  substance — is  not  mentioned 
Von  Baer.    Farther,  that  the  origin  of  the  **  laminae  dorsales  " 
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>f  this  naturalist  (the  *•  central  nervous  system  "  of  Reichert)  is  i 
simultaneous  with,  but  anterior  to,  that  of  the  chorda. 

The  author  then  reviews  the  observations  of  Rathke  and  Reich 
>n  the  chorda  dorsalis,  which  contain  internal  evidence,  he  thin 
>f  a  process  in  the  development  of  Fishes,  Reptiles,  and  Birds,  1 
»ame  as  that  which  he  has  observed  in  Mammalia ;  namely,  the  g 
pn  of  the  embryo  out  of  the  nucleus  of  a  cell. 

And  it  is  his  opinion  that  this  observation  may  assist  to  solvi 
question  on  which  physiologists  are  not  agreed ;  for  it  shows,  thai 
the  nucleus  of  a  cell  is  a  single  object,  the  first  rudiments  of  1 
unbryo  are  not  two  halves.  The  author  thinks  that  unless  the  v< 
earliest  periods  are  investigated,  it  is  in  vain  that  we  attempt 
[earn  what  that  is,  of  which  the  rudiments  of  the  embryo  are  co 
}osed.  From  not  attending  to  this,  physiologists  have  suppoj 
their  "  primitive  trace"  to  arise  in  the  substance  of  a  membrai 
^hich  the  author,  in  his  second  series  on  the  embryo*,  showed  coi 
lot  be  the  case.  To  the  same  cause  he  thinks  is  referable  an  opini 
ecently  advanced  by  Reichert,  that  the  first  traces  of  the  new  bei 
ire  derived  from  cells  of  the  yelk. 

January  14. — A  paper  was  read,  entitled,  ••  On  the  Corpuscles 
;he  Blood."  Part  II.     By  Martin  Barry,  M.D.,  F.R.SS.  L.  and  I 

The  observations  recorded  in  this  memoir  are  founded  on  an  ( 
imination  of  the  blood  in  every  class  of  vertebrated  animals,  in  so; 
>f  the  Invertebrata,  and  in  the  embryo  of  Mammalia  and  Birds.  1 
lucleus  of  the  blood-corpuscle,  usually  considered  as  a  single  objc 
s  here  represented  as  composed,  in  some  instances,  of  two,  thr 
>r  even  many  parts ;  these  parts  having  a  constant  and  determini 
brm.  In  the  substance  surrounding  the  nucleus,  the  author  ] 
requently  been  able  to  discern,  not  merely  "  red  colouring  matte 
)ut  cell-like  objects ;  and  he  points  out  an  orifice  as  existmg  at  c 
ain  periods  in  the  delicate  membrane  by  which  this  substance 
(unrounded.  In  a  former  memoir  he  had  differed  no  less  from  p 
rious  observers  regarding  "  cells."  He  had  shown,  for  instan 
hat  the  nucleus  of  the  cell,  instead  of  being  "  cast  off  as  usel< 
ind  absorbed,"  is  a  centre  for  the  origin,  not  only  of  the  transit< 
jontents  of  its  own  cell,  but  also  of  the  two  or  three  principal  a 
ast-formed  cells,  destined  to  succeed  that  cell;  and  that  a  separat 
»f  the  nucleus  into  two  or  three  parts,  is  not,  as  Dr.  Henle  had  si 
)osed  in  the  case  of  the  Pus  and  Mucus-globule  (the  only  instan 
n  which  the  separation  in  question  had  been  observed),  the  eff 
>f  acetic  acid,  used  in  the  examination, — but  that  such  separatioi 
latural,  apparently  common  to  nuclei  in  general,  and  forming  p 
>f  the  process  by  which  cells  are  reproduced.  The  author  h 
arther  shown  the  so-called  nucleolus  to  be  not  a  distinct  object  i 
sting  before  the  nucleus,  but  merely  one  of  a  series  of  appearand 
irising  in  succession,  the  one  within  the  other,  at  a  certain  part 
he  nucleus,  and  continuing  to  arise  even  after  the  formation  of  t 


•  [See  L.  and  E.  Phil.  Mag.,  vol.  xiv.  ^.  493.— Edit.] 
t  [For  a  notice  of  Part  I.  of  this  memoir,  see  vol.  xvii. 
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cell.  These  views  he  now  oonfinns ;  and  in  the  pfesent  paper  shows 
that  they  admit  of  being  extended  to  the  corpuscles  of  the  blood. 

He  then  compares  appearances  observed  in  the  latter  with  those 
he  had  traced  in  the  ovum.  These  relate  to  the  number  of  parts  of 
which  the  nucleus  is  at  different  periods  composed, — the  nature  of 
the  nucleolus, — the  communication  between  the  nucleolus  and  the 
exterior  of  the  cell, — ^the  formation  of  the  contents  of  the  cell  out  of 
the  nucleus, — the  final  division  of  the  nucleus  into  the  foundations 
of  a  limited  number  of  young  cells,  destined  to  succeed  the  parent 
cell, — and  the  escape  of  the  young  cells  for  this  purpose.  It  follows 
from  these  investigations,  that  the  corpuscles  of  the  blood  are  gene- 
rated by  a  process  essentially  the  same  as  that  giving  origin  to  those 
cells  which  are  the  immediate  successors  of  the  germinal  vesicle,  or 
original  parent  cell ;  it  being  also  by  a  continuation  of  the  same 
process  that  the  corpuscle  of  the  blood  divides  itself  into  the  minuter 
objects  figured  by  the  author  in  his  former  paper  on  the  blood. 

He  adds,  that  in  its  form  and  internal  state,  the  blood-corpuscle 
found  in  the  adult  of  certain  animals,  very  much  resembles  that  ex- 
isting only  in  the  fcetal  life  of  others.  It  is  incidentally  remarked, 
that  the  fcetal  brain,  at  certain  periods,  appears  to  consist  almost 
entirely  of  objects  very  much  i^sembling  those  which,  in  some  stages, 
form  the  nuclei  in  the  foetal  corpuscles  of  the  blood. 

The  author  concludes,  by  expressing  his  opinion,  that  the  mode 
3f  evolution  of  the  minute  mammiferous  ovum  is  deserving  of  close 
ittention,  in  connexion  with  some  of  the  processes  by  which  nourish- 
ment is  communicated,  and  the  growth  of  the  body  effected,  at  all 
[uture  periods  of  life. 

January  21 . — A  paper  was  in  part  read,  entitled,  "  On  the  action 
if  certain  Inorganic  Compounds,  when  introduced  directly  into  the 
Blood,"  ByJ.Blake,Esq.,M.R.C.S.  Communicated  by  P.  M.  Roget, 
M.D.,  Sec.  R-S.  

GEOLOGICAL   SOCIETY. 

[Continued  from  vol.  xvii.  p.  542.'] 

April  29,  1840. — A  paper  was  first  read,  "  On  a  few  detached 
)laces  along  the  coast  of  Ionia  and  Caria ;  and  on  the  island  of 
[Ihodes  ;**  by  William  John  Hamilton,  Esq.,  Sec.  G.S. 

The  localities  described  in  this  paper  are,  1.  Fouges  (ancPhocasa); 
I.  Ritri  (anc.  Erythrse) ;  3.  Sighajik  (anc.  Teos) ;  4.  Scalanuova, 
lear  Ephesus ;  5.  Boodroom  (anc.  Halicamassus) ;  6.  Cnidus ;  7* 
[sland  and  shores  of  the  Gulf  of  Syme ;  and  8.  Rhodes. 

1.  Fouges  is  situated  in  a  small  bay  at  the  northern  extremity  of 
he  Gulf  of  Smyrna,  and  all  the  formations  in  its  neighbourhood  ex- 
kniined  by  Mr.  Hamilton  are  volcanic.  On  the  north  side  of  the 
)ay,  a  range  of  hills,  from  300  to  400  feet  high,  extends  several  miles 
o  the  eastward,  and  consists  in  the  uppermost  part,  of  beds  of  smooth 
emivitrified  red  and  gray  trachyte,  containing  numerous  cavities 
ined  with  mammillated  chalcedony.  The  trachyte  passes  down- 
wards into  a  soft,  white,  pumiceous  sandy  rock.  The  greater  part 
»f  the  hills  to  the  north  of  the  bay  are  composed  of  the  same  for- 
aation,  traversed,  in  several  places  by  north  and  east,  narrow  trap- 
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lykes,  which  have  altered  the  adjacent  rocks  into  an  imperfec 
sanded  jasper.  About  one  mile  to  the  north-east  of  Fouges,  f 
lamilton  noticed  a  mass  of  black  homstone,  and  to  the  west  a 
lorth-west,  near  the  water's  edge,  trappean  and  amygdaloidal  roc 
iverlaid  by  the  pumiceous  sandstone. 

2.  JRitri  is  situated  on  the  shores  of 
he  island  of  Scio ;  and  the  geological 
[istrict  consists  of  red  crystalline,  apps 
»f  blue  or  gray,  more  or  less,  crystall 
andstone.  The  two  latter  rocks  are  o\ 
mt  Mr.  Hamilton  could  not  determine 
s  they  appear  to  be  destitute  of  organi 
tone  are  sometimes  vertical.  On  the 
luthor  noticed  also  vertical  strata  of  in 
tear  the  juncture  of  the  trachyte  and 
Vcropolis,  that  the  calcareous  beds  we 
ong  islands  which  form  the  anchora§ 
emi-crystalline  limestone,  without  trac 

3.  Sighqfik. — A  rich  alluvial  plain. 
Sighajik  and  Teos,  gradually  rises  t 
nountainous  district,  which  extends  1 
)lain  is  separated  from  the  sea  by  ] 
hickly-bedded,  white,  cretaceous  lime 
imestone  near  Smyrna,  described. bi 
)laces  it  is  underlaid  by  beds  of  sandst 
»reous  concretions.  Just  above  the  i 
^ery  thinly  bedded,  with  slightly  mica 
ncUnation  of  the  strata  being  15^  to  tl 
larbour  the  white  limestone  is  underlaii 
iandstone,  associated  with  beds  of  hare 
)elonging  to  a  much  older  formation, 
iandstone  bound  the  plain  to  the  nortl 
ated  remarkable  hills,  seen  from  the  i 

Jie  other  being  composed  of  vertical  beds  of  blue  marble,  proba 
belonging  to  the  same  formation.     To  the  north-west  of  the  pis 
his  marble  passes  into  a  beautiful  breccia,  associated  with  strata 
>rown  sandstone.     Mr.  Hamilton  saw  no  igneous  rocks  in  situ^ 
lumerous  blocks  of  greenstone  are  scattered  about  the  country. 

4.  Scalanuova, — This  town  stands  upon  an  insulated  hill  of  I 
lemi-crystaHine  limestone,  part  of  the  western  chain  of  Mount  IV 
kogis.  The  limestone  is  similar  to  that  which  occurs  near  Ephc 
ind  Mount  Prion,  where  it  is  associated  with  beds  of  yellow  mi 
;eous  sandstone. 

5.  Boodroom, — The  castle  is  built  upon  an  insu 
ar  limestone,  connected  with  beds  of  argillaceou 
colours.  The  hills  to  the  north  of  the  town,  and  c 
ible  the  walls  of  the  Acropolis  of  Halicamassus,  c 
brmation,  interstratified  at  one  point  with  thin  p 

•  Geol.  Proceedings,  vol.  ii.  p.  538 ;  (or  L.  aud  £. 
).  202)  Geol.  Trans.,  2ud  Series,  vol.  v.  p.  393. 
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siliceous  limefitone.  The  low  hills  near  the  shore,  and  on  which  the 
ruins  of  Halicarnassus  stand,  are  composed  of  horizontal  beds  of 
volcanic  sand  and  trachytic  conglomerate,  formed  chiefly  of  angular 
fragments  of  brown  porphyritic  trachyte.  Five  or  six  miles  to  the 
south-west  of  Boodroom  is  the  conicaJ  hill  of  Chifoot-Kaleh,  1000 
feet  high.  It  consbts  entirely  of  reddish  trachyte ;  and  all  the  coun- 
try  between  it  and  Boodroom  is  composed  of  trachyte  or  trachytic 
conglomerates.  The  hills  to  the  west  of  Chifoot-Kaleh  are  also  tra- 
chytic, with  indications  of  columnar  structure.  Trachyte  likewise 
forms  part,  if  not  all,  the  promontory  of  Karabaghla,  and  the  islets 
to  the  westward  of  it.  The  north-east  dip  of  the  limestone  of  Bood- 
room, Mr.  Hamilton  thinks,  may  be  owing  to  the  protrusion  of  the 
igneous  rocks  of  Karabaghla  and  Chifoot-Kaieh.  The  shore 
abounded  in  one  place  with  pebbles  of  pumice. 

6.  Cnidus  is  situated  near  the  extremity  of  Cape  Krio,  the  west- 
em  end  of  the  south  shore  of  the  Gulf  of  Cos.  The  whole  peninsula 
b  formed  of  blue  semi-crystalline  limestone,  shale  and  sandstone, 
the  strata  dipping  near  the  extremity  of  the  promontory  45^  to  the 
south-west,  but  increasing  to  a  higher  angle  towards  the  east-north- 
east. 

The  following  is  given  by  Mr.  Hamilton  as  the  general  structure 
of  the  country : — 

Summit  of  the  peninsula  towards  the  west,  thin-bedded  calcareous 
shale  and  blue  limestone,  thickly  bedded  and  cavernous.  Eastward 
of  the  ruins,  it  is  in  some  places  interstratified  with  a  hard  greenish 
sandstone,  resembling  graywacke.  The  sides  of  the  hills  are  oc- 
casionally obscured,  by  a  loose  limestone  breccia  of  more  modem 
ongin. 

The  bills  rise  rapidly  towards  the  east  and  north-east,  and  at  the 
distance  of  two  miles  exceed  2000  feet  in  height  Their  summit  is 
a  narrow  ridge,  a  quarter  of  a  mile  in  length  from  north-west  to 
south-east,  and  consists  of  laminated  calcareous  shales,  dipping  45° 
to  the  south-west.  These  shales  present  a  very  steep  escarpment 
towards  the  north-east,  but  are  overlaid  towards  the  south-west  by 
the  blue  limestone. 

7.  Island  and  shores  of  the  Gulf  of  Syme, — The  Gulf  of  Syme  is 
separated  from  that  of  Cos  by  a  narrow  isthmus.  The  island  is  an 
uniform  mass  of  grayish-white  compact  scaglia,  with  occasional 
bands  and  nodules  of  siliceous  limestone.  In  some  places  the  lime- 
stone is  thickly  bedded,  but  in  others  thinly,  with  way-boards  of 
marl ;  and  in  one  locality  it  was  observed  to  rest  on  greenish  sand- 
stone. The  thinner-bedded  variety  is  sometimes  reddish,  and  re- 
sembles the  limestone  of  Mount  Atairo,  in  the  island  of  Rhodes. 
The  strata  are  occasionally  horizontal ;  but  on  the  brow  of  the  high 
table-land  above  the  town  of  Syme  and  in  other  districts  they  are 
inclined  from  30°  to  35°  to  the  north  and  north-north-west;  and 
beyond  the  harbour  of  Panermiotis  20°  to  the  south  and  south-south- 
east    Mr.  Hamilton  found  no  organic  remains  in  the  island. 

The  southern  shore  of  the  Gulf  consists  of  the  same  whitish  com- 
pact scaglia,  with  nodules  of  flint  and  jasper.   Some  portions  of  it  are 
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breccia,  composed  of  fragments  of  white  limestone  in  a  pale 
aste,  or  of  red  limestone  in  a  white  paste.  At  the  eastern  ei 
lity  of  the  Gulf,  a  thinly  bedded  limestone  alternates  with  band 
ale  red  jasper,  the  strata  dipping  50°  north-west;  but  in  » 
laces  they  are  curiously  contorted.  The  jasper  increases  in  quai 
awards  the  north-west,  the  limestone  becoming  less  promiu 
Ir.  Hamilton  did  not  land  on  the  north  side  of  the  Gulf,  but  sev 
oints  appeared  to  him^  viewed  from  the  sea,  to  consist  of  a  br 
renaceous  conglomerate. 

8.  Rhodes. — ^The  northern  half  of  the  island,  the  portion  ris 
y  the  author,  consists  chiefly  of  tertiary  marine  deposits,  of 
ondary  limestone  and  of  scaglia,  with  sandstones  and  conglo 
Ettes.  No  igneous  rocks  were  observed  in  situ,  but  numei 
ebbles  of  greenstone  and  other  traps  were  noticed  in  the  con 
lerates  near  the  centre  of  the  island. 

Tertiary  Strata.— These  consist  of  a  shelly  testaceous  li 
tone,  sandstone,  and  conglomerates,  and  extend  in  a  zone  of  vi 
le  breadth,  having  a  quaquaversal  dip,  along  those  parts  of 
land  visited  by  the  author.  At  the  north-east  end,  the  tertiary  st 
ise  into  high  and  considerable  hills,  which  stretch  across  the  is) 
rom  east  to  west 

The  following  is  the  order  of  succession : — 

1.  Summit  of  the  hilb  three  miles,  south-south-west  of  the  t 
f  Rhodes. 

Sandy  gravel  and  conglomerate  consisting  of       Feet. 

pebbles  of  scaglia » ,. 10  to  1 

Fine  sand,  with  indications  of  false  stratifica- 
tions, true  dip  5°  north-east 10  to  1 

Gravel 8 

Sand,  with  perpendicular  veins  of  marl ......      10  to  1 

Sand,  with  concretions  of  marl 

Sand,  with  bands  of  marl    

2.  These  beds  repose  on  an  extensive  formation  (considers 
e  from  200  to  300  feet  thick)  of  yellow,  calcareous,  shelly  con 
lerate,  the  beds  of  which  dip  IQP  to  north-east.  It  contains  nv 
Dus  shells  of  the  genera  Pecten,  Cardium  and  Venus,  and  it  is 
tone  principally  used  in  masonry.  It  extends  to  the  town  of  Rhc 
nd  re-appears  to  the  south  of  the  table-land  in  nearly  horizc 
eds,  some  of  which  are  very  arenaceous.  It  is  extensively 
eloped  in  several  places  along  the  coast,  as  far  as  Lindo,  wl 
,  rests  unconformably  against  the  secondary  limestone. 

9.  A  bed  of  sandy  marl,  containing  thin  bands  of  calcareous  n 
liickness  not  great. 

4.  A  thick  bed  of  conglomerate  and  gravel,  extending  a  consi 
ble  distance  to  the  south  and  south-west,  and  rising  into  lofty  1 
'hich  form  steep  and  broken  cliffs  on  the  western  coast  of 
[land,  several  miles  from  Rhodes.  It  thins  out  gradually  fur 
)uth,  resting  at  the  entrance  of  a  deep  valley,  upon  upraised  1 
f  blue  and  white  scaglia  and  sand. 
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^ear  Archangelo,  half-way  between  the  town  of  Rhodes  and 
do,  a  similar  system  of  tertiary  rocks  is  extensively  developed* 
Lbout  one  mile  north  of  Lindo  Mr.  Hamilton  noticed  between 
tertiary  and  secondary  series  a  thick  bed  of  large  limestone  peb- 
),  with  sometimes  qaartz  pebbles  and  boulders,  cemented  by  a 
d  calcareous  paste*  This  conglomerate  rests  immediately  on 
blue  limestone,  filling  up  its  interstices ;  and  it  is  considered  by 
.  Hamilton  to  be  the  lowest  tertiary  deposit. 
Secondary  Rocks. — The  greater  part  of  Rhodes  consists  of  sca- 
i,  generally  considered  to  be  the  equivalent  of  the  cretaceous  sy« 
n  of  Europe.  It  is  composed,  (1.)  of  red  and  brown  sandstones 
b  conglomerates  ;  (2.)  of  whitish  gray  and  red  scaglia  limestone ; 
I  (3.)  of  blue  limestone;  but  the  last  deposit  Mr.  Hamilton 
isiders  to  belong  to  a  different  epoch. 

.  The  sandstones  and  conglomerates  occur  near  the  centre  of 
island,  and  apparently  form  the  upper  division  of  the  deposit, 
ed  conglomerate,  which  is  found  between  Apollona  and  Embona, 
5  5(f  to  the  south-south-west,  and  rests  conformably  upon  whitish* 
y  scaglia.  At  the  same  locality  exist  indurated  red  marls  and 
dstone  grits ;  and  at  the  north-north-west  foot  of  Mount  Atairo 
nother  bed  of  conglomerate,  containing  chiefly  boulders  of  green- 
le,  and  a  greenish  granular  rock,  but  inclosing  also  rounded 
wes  and  pebbles  of  the  gray  scaglia  of  the  neighbouring  hills* 
e  greenstone  was  not  seen  by  Mr.  Hamilton  in  situ, 
I.  The  scaglia  limestone  is  chiefly  developed  in  the  lofty  ridge  of 
unt  Atairo  (anc.  Mons  Atabyrius),  which  is  from  S500  to  4O00 
;  in  height  The  summit  is  a  narrow  ridge  about  two  miles 
^,  extending  from  north-east  to  south-west,  or  neariy  in  the  di* 
tion  of  the  axis  of  the  island.  The  bed  dips  from  15°  to  20P  to 
south-east.  The  upper  portion  consists  of  thick-bedded  gray 
^lia,  without  flints ;  lower  down  occurs  a  thinly-laminated  lime- 
le,  with  tabular  masses  or  beds  of  flint ;  and  still  lower,  the  beds 
again  thicker  and  the  flints  are  nodular.  The  total  vertical  di- 
isions  of  these  deposits  is  from  800  to  900  feet.  Beneath  them, 
scaglia  is  interstratifled  with  a  red  marly  limestone,  and  further 
irn  the  hill  are  thick  beds  of  scaglia  without  flints.  Below  the 
Eige  of  Embona,  situated  to  the  north-west  of  the  mountain,  a 
enish  compact  sandstone  crops  out  from  beneath  the  limestone 
Mount  Atairo,  and  dips  to  the  south-east*  The  range  of  hills 
the  north-north-east  consists  also  chiefly  of  the  gray  limestone, 
ch  rests  on  the  red  and  brown  sandstones.  Mr.  Hamilton  did 
ascertain  how  far  the  formation  ranges  to  the  north-west, 
rhe  Acropolis  of  Camiro,  on  the  east  coast  of  the  island,  and  six 
es  north  of  Lindo,  stands  upon  an  insulated  table- rock  of  whitish 
ipact  scaglia,  encircled  at  its  base  with  tertiary  strata* 
\.  The  blue  limestone  is  classed  provisionally  by  Mr.  Hamilton 
b  the  secondary  rocks ;  but  he  is  of  opinion  it  may  be  of  the  same 
as  the  limestone  of  Halicamassus,  and  belong  to  a  much  older 
;em.  It  occurs  extensively  along  the  east  coast,  particularly  near 
do,  where  it  forms  high  and  steep  hills,  against  which  remnaots 
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r  tertiary  limestone  rest  at  a  considerable  hei 
ido  is  situated  upon  beds  of  it,  haring  an  ii 
to  the  north-west  It  occurs  likewise  fur 
des  and  Archangelo,  where  it  forms  the  1 
two  miles  from  the  shore,  and  the  low  ridg 
iddle  of  the  plain,  and  parallel  to  the  coast 
The  only  locality  at  which  these  are  satif 
way  between  Archangelo  and  Lindo,  and  c 
[>ottom  of  a  deep  bay.  At  this  point  the 
its  lowest  beds  is  hard  and  siliceous,  and 
*  to  the  north-west,  is  underlaid  constantly 
[>8e,  crystalline  rock,  like  the  limestone  of 

r.  Hamilton  gives  the  following  general  si 
iia  is  more  abundant  in  Rhodes  and  the  S4 
further  north,  and  is  apparently  a  prolonga 
constitutes  the  mass  of  Mount  Taurus.  N 
bund  in  it  near  Adalia,  and  Mr.  Hamilton 
ei  species  resembling  one  found  in  the  scagli 
2.  Igneous  rocks  are  much  more  rare  tow 
»t  appear  so  often  associated  with  the  scagli 
ones.  3.  Trachj'te  and  other  igneous  prod 
x>mpany  the  blue  semi-crystalline  limestoui 
droom.  4.  In  the  absence  of  organic  remj 
ites  to  state  positively  whether  the  blue  li 
"ock,  or  is  an  older  formation  which  has  1 
;  but  he  is  inclined  to  adopt  the  latter  opic 
he  resemblance  of  the  limestone  to  that  i 
^h  is  associated  with  schists,  containing  ti 

.  Ottley,  of  Exeter,  was  then  read,  "  On  s 
lew  red  sandstone,"  considered  by  the  write 

tided  to  in  this  letter  were  found  by  Mr. 
i  two  miles  from  Exeter,  in  the  road  tow 
part  of  the  quarry  coarse  sandstones  and 
,  and  in  the  upper  a  flat,  flaggy  sandstone, 
to  the  south-east    Interstratified  with  the 
red  sandstone,  in  which  the  branched  cou 
3e  of  alcyonic  origin  by  Mr.  Ottley,  princi] 
3  been  found  also  in  the  conglomerates,  and 
er  part  of  the  quarry. 

rwards  read,  entitled,  "Description  of  the 
toise,  and  Lacertian  Saurian,  from  the  Cha 
^sq.,  F.G.S. 

portions  of  Omitholite  were  obtained  by  I 
chalk  near  Maidstone,  and  were  recognise< 
ad  as  belonging  to  some  large  bird.  On 
bes  in  length,  and  has  one  extremity  nearly 
d,  but  the  other  is  completely  broken  of. 
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extremity,  partially  preserved,  is  expanded.  The  rest  of  the  shaft; 
of  the  bone  has  a  pretty  uniform  size,  but  is  irregularly  three-sided, 
with  the  sides  flat  and  the  angles  rounded :  its  circumference  is  two 
inches  and  a  quarter.  The  whole  bone  is  slightly  bent.  The  spe- 
cimen differs  from  the  femur  of  any  known  bird,  in  the  proportion 
of  its  length  to  its  breadth ;  and  from  the  tibia  or  metatarsal  bone, 
in  its  triedral  figure,  and  the  flatness  of  the  sides,  none  of  which  are 
longitudinally  grooved.  It  resembles  most  the  humerus  of  the  Al- 
batross in  its  form,  proportions  and  size,  but  it  differs  in  the  more 
marked  angles  bounding  the  three  sides.  The  expanded  extremity 
likewise  resembles  the  distal  end  of  the  humerus  of  the  Albatross, 
but  it  is  too  mutilated  to  allow  the  exact  amount  of  similarity  to  be 
determined. 

On  the  supposition  that  thb  fragment  is  really  a  part  of  the  hu- 
merus, Mr.  Owen  says,  its  length  and  comparative  straightness  would 
prove  it  to  have  belonged  to  a  longipennate  natatorial  bird,  equalling 
In  size  the  Albatross. 

The  two  other  portions  of  bone  have  been  crushed ;  but  Mr.  Owen 
states  that  they  belong  to  the  distal  end  of  the  tibia,  the  peculiar 
strongly-marked  trochlear  extremity  of  which  is  well  preserved. 
Their  relative  size  to  the  preceding  bone,  supposing  that  specimen 
to  be  part  of  a  humerus,  is  nearly  the^same  as  in  the  skeleton  of  the 
Albatross.  There  is  no  bird  now  known  north  of  the  Equator  witii 
which  the  fossils  can  be  compared. 

Tortoise. — ^The  remains  of  the  Chelonian  Reptile  consist  of  four 
marginal  plates  of  the  carapace,  and  some  small  fragments  of  the 
expanded  ribs.  The  marginal  plates  are  united  by  the  usual  finely- 
indented  sutures,  and  each  is  impressed  along  the  middle  of  its  up- 
per surface  with  a  line  corresponding  to  the  margin  of  the  homy 
plate  which  originally  defend^  it.  The  external  edge  of  each  plate 
is  slightly  emarginated  in  the  middle.  These  plates  are  narrower 
in  proportion  to  their  length  than  in  any  of  the  existing  marine  Che- 
Ionia  ;  and  they  deviate  still  more  in  the  character  of  their  internal 
articular  margin,  from  the  corresponding  plates  of  terrestrial  Che- 
Ionia  ;  but  they  sufliciently  agree  with  the  marginal  plates  of  the 
carapace  of  the  Emydes,  to  render  it  most  probable  that  these  cre- 
taceous remains  are  referable  to  that  family  of  Chelonia  which  live 
in  fresh  water  or  estuaries. 

Lacertian  Saurian, — This  fossil  belongs  to  the  collection  of  Sir 
Philip  Egerton ;  and  it  consists  of  a  chain  of  small  vertebrae  in  their 
natural  relative  position,  with  fragments  of  ribs  and  portions  of  an 
ischium  and  a  pubis. 

The  bodies  of  the  vertebras  are  united  by  ball  and  socket-joints, 
the  socket  being  on  the  anterior  and  the  ball  on  the  posterior  part 
of  the  vertebra ;  and  they  are  further  proved  to  belong  to  the  Sau- 
rian class  of  reptiles  by  the  presence  of  many  long  and  slender  ribs, 
as  well  as  by  the  conversion  of  two  vertebrae  into  a  sacrum,  in  con- 
sequence of  the  length  and  strength  of  their  transverse  processes. 
The  remains  of  the  ischium  and  the  pubis  are  connected  with  the 
left  side  of  the  sacniniy  proving  incontestably  that  this  reptile  had 
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hinder  extremities  as  well  developed  as  in  the  generality  < 
rians.  Of  these  extremities,  as  well  as  of  the  anterior  and 
head,  there  are  no  traces. 

Mr.  Owen  then  proceeds  to  determine  to  which  divisioo  < 
rians,  having  ball  and  socket  vertebral  joints,  the  fossil  she 
referred.  In  the  Crocodilian  or  Loricate  group,  the  transvers 
gerouB  processes  are  elongated,  and  three,  four,  or  five  of  th( 
brae  which  precede  the  sacrum  are  ribless,  and  consequentl 
oned  as  lumbar  vertebrae :  in  the  Lacertian  Sauriae  there  arc 
more  than  two  lumbar  vertebrae,  and  those  which  have  ribs  i 
them  on  short  convex  processes  or  tubercles. 

In  the  fossil  from  the  chalk,  the  ribs  are  articulated  wit 
processes  of  the  kind  just  mentioned,  resembling  tuberclea»  ai 
are  attached  to  the  sides  of  the  anterior  part  of  all  the  vei 
except  the  one  immediately  preceding  the  sacrum.  These  < 
ten,  Mr.  Owen  says,  in  conjunction  with  the  slendemess  an 
form  length  of  the  ribs,  and  the  degree  of  convexity  in  the  ai 
ball  of  the  vertebrae,  prove  incontestably,  that  the  fossil  is  pa 
Saurian,  appertaining  to  the  inferior  or  Lacertian 

The  under  surface  of  the  vertebrae  is  smooth,  c< 
of  the  spine,  and  convex  transversely.     As  ther 
costal  vertebrae  anterior  to  the  sacrum,  including  i 
the  fossil,  Mr.  Owen  observes,  cannot  be  referr 
StelliOf  LeiolepiSf  JSasiliscuSy  Agama^  Lyriocephalu 
nksleon,  but  that  a  comparison  may  be  instituted  b 
MonitarSf  Iguanas^  and  Scinks.  In  conclusion,  he  states,  that 
absence  of  the  cranium,  teeth,  and  extremities,  any  further  ap 
mation  of  the  fossil  would  be  hazardous,  and  too  coiyectural  t 
any  good  scientific  result. 

May  IS,  1840. — A  memoir  was  commenced  "  On  the  Classif 
and  Distribution  of  the  Older  or  Palaeozoic  Rocks  of  the  North  c 
many  and  of  Belgium,  as  compared  with  formations  of  the  sai 
in  the  British  Isles ;'  by  the  Rev.  Prof.  Sedgwick,  F.G.S.,  ai 
derick  Impey  Murchison,  Esq.,  F.G.S. 

CAMBRIDGE   PHILOSOPHICAL  SOCIETY. 

At  a  metting  of  this  Society,  held  on  Monday  evening, 
8th,  Dr.  Hodgson,  the  President,  in  the  Chair. 

A  communication  was  made  by  Mr.  Tozer,  of  Cains  Colle 
some  mathematical  formulae  for  determining  the  permanent 
of  Emigration  and  Immigration  on  numbers.  The  solution  is 
a  consideration  of  all  those  causes  by  which  the  duration  of  ] 
the  rate  of  its  production,  may  be  affected,  which  may  be  calle 
operation  by  the  transfer. 

Where  all  the  elements  are  constant  the  numbers  of  a  f 
after  a  given  time,  may  be  determined  by  the  solution  of  an  eq 
of  finite  differences  in  which  the  coefficients  are  constant ;  th< 
bable  change  in  the  value  of  those  coefficients  may,  when  the 
are  sufficient,  be  calculated  by  a  method  suggested  by  Laplace 

Where  the  data  are  insufficient  for  the  complete  adution  ( 
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em,  Mr.  Tozer  considers  the  attempt  at  accurate  investiga- 
to  afford  the  best  means  of  analysing  the  processes  which  the 
employs  in  arriving  at  its  conclusions,  when  the  correctness  or 
rectness  of  those  conclusions  is  incapable  of  demonstration ;  and 
lowing  where  the  data  are  insufficient,  of  suggesting  the  nature 
e  observations  by  which  they  may  be  supplied,  and  thus  of 
lally  approximating  the  science  to  which  the  problem  belongs 
e  demonstrative  sciences. 

Scientijic  Works  lately  published. 
ylor  8  Scientific  Memoirs — Part  VHI.  completing  the  Seoond 
roe. 

.talogues  of  the  Miscellaneous  Manuscripts  and  of  the  Manu» 
t  Letters  in  the  possession  of  the  Royal  Society. 
le  Philosophical  Transactions.  Part  II.  1840. 
Description  of  British  Guiana,  Geographical  and  Statistical : 
uting  its  Resources  and  Capabilities,  together  with  the  present 
uture  Condition  and  Prospects  of  the  Colony.  By  Robert  H. 
mburgk,  Esq. 

I  the  Heat  of  Vapours  and  on  AstroDomioal  Refractions.    By 
.  W.  Lubbock,  Bart. 


METEOROLOOICAL  OBSERVATIONS  FOR  FEB.  1841. 
rwkk, — Feb.  1.  Snowing.  2.  Snow.sbowe».  S.  Frosty  :  dry  and  cold  : 
evere  frost  at  night  4.  Frosty  :  overcast.  5.  Dry  cold  haze  :  windy  at 
6.  Boisterous.  7.  Boisterous:  haiy  and  cold.  8 — 11.  Hasy  and  cold, 
lense  fog  :  very  fine  :  rain.  13.  Overcast  :  rain.  14.  Rain:  cloudy.  15. 
y :  slight  rain.  16,  17,  Hasy.  18.  Fine.  19.  Bain:  cloudy  and  fine, 
oudy  and  fine :  rain.     81.  Overcast  and  fine.    S3.  Dense  fog.    83.  Hasy : 

24.  Haiy  and  cold.     25.  Cloudy  and  cold  :  rain.    26.  Rain.   27.  Cloudy  : 

28.  Very  clear  :  cloudy  and  fine. 

Urn, — Feb.  1.  Cloudy :  snow  a.m.  and  r.M.  2.  Fine  :  snow  early  a.m.  : 
P.M.  S.  Cloudy  :  snow  early  a.m.  and  p.m.  4,  5.  Cloudy.  6,  7.  Stormy, 
udy:  SOOWP.M.  9,  10.  Cloudy.  11 — 13.  Cloudy:  rain  p.m.  14.  Cloudy, 
loudy:  rain  P.M.      16.  Cloudy.      17.  Rain.      18»  19.  Cloudy.      20,21. 

82,23.  Foggy.  24.  Rain.  25.  Cloudy :  rain  p.m.  86.  Rain:  rainpjc. 
AID.     88.  Fine. 

ilegtuih  Mame,  Dumfriet-shire. — Feb.  1,2.  Sprinkling  of  snow :  fW>stp.M. 

)w.«bowers  :  frost.      4.  Frost :  fair  but  cloudy.      5.  Frost :  sprinkling  ot 

6.  Froat:  occasional  snow^&howers.      7.  Froat:  severe  and  cold.    8,  9. 

cold  and  withering.  10.  Frost,  but  giving  way.  11.  Thaw  and  heavy 
sleet.  12.  Fog:  rain:  fine  thaw.  13.  Rain  all  day.  14.  Rain  in  the 
igtmild.  15.  Rain  all  day.  16,17.  Fair  but  cloudy.  18.  Wet  all  day. 
lear  and  cold.  20.  Fine.  21,  22.  Fine,  but  cloudy.  23.  Rain  a.m  : 
P.M.  84.  Clear  and  eold.  85.  Cloudy  and  threatenin|^  rain.  86.  Cloudy 
ligh  wind.  87.  Frost  in  the  morning.  38.  Frost  in  the  morning  with 
>n  the  hills. 

1  shone  out  19  days.     Rain  fell  8  days.     Frost  1 1  days.     Snow  6  days, 
id  north  1  day.     North-east  8  days.    East  north  east  2  days.     East  2  days. 
outh.^ast  1  day.     South-east  4  days.     South  4  days.     South-west  2  days. 
1  day.    North-weat  1  day.  .  Nortb-north.west  2  days, 
m  6  days.    Moderate  U  days.     Brisk  4  days.     Strong  breese  4  days. 
irons  3  days.  '  *' 

Mean  temperature  of  the  month    36^*50 

Mean  temperature  of  February  1840    36  *78 

Mean  temperature  of  spring-water   42  '60 

McaBtaDpefataf0of9iiDg.WBtar.F«b.l84O  44  -16 
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LIV.  Remarks  an  Professor  Challis's  Reply  fo  Mr.  Airy's  Ob" 
jections  to  the  Investigation  of  the  Resistance  of  the  Atmo^ 
sphere  to  an  Oscillating  Sphere,      By  George  Biddell 
Airy,  Esq,^  M.A.^  F.R.S.^  Astronomer  Royal. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 

HAVE  not  had  leisure  earlier  to  notice  the  remarks  of 
Professor  Challis  in  your  February  Number,  upon  my  ob- 
jection to  his  investigation  of  tlie  resistance  to  a  spherical 
body  oscillating  in  an  elastic  medium.  I  beg  to  express  my 
sense  of  the  courtesy  with  which  Professor  Challis  has  replied 
to  my  objection,  and  to  avow  my  opinion  that  a  discussion 
conducted  in  this  manner  cannot  but  be  advantageous  to  the 
interests  of  science.  With  this  feeling,  I  think  it  right  again 
to  state  that  the  considerations  urged  by  Professor  Challis  in 
his  last  communication,  do  not  at  all  remove  my  objection  to 
the  fundamental  parts  of  his  investigation.  And  I  trust  that, 
by  putting  my  own  reasoning  in  a  different  form,  I  shall  be 
able  to  show,  to  the  satisfaction  of  Professor  Challis,  that  the 
solution  which  he  has  adopted  for  expressing  the  movement 
of  the  particles  of  air  surrounding  the  ball,  is  untenable. 

The  reasoning  of  a  mixed  nature  upon  which  Professor 
Challis  has  founded  and  supported  his  investigation,  and 
upon  which  also  I  have  objected  to  it,  is  (if  I  may  use  such  a 
term)  extremely  hazardous.  I  mean  by  this  expression  to  as- 
sert, that,  unless  managed  with  the  greatest  caution,  it  is  apt 
to  introduce  or  to  conceal  important  errors  of  principle.  I 
shall,  therefore,  abandon  this  kind  of  reasoning,  and  shall 
Phil.  Mag.  S.  S,  Vol,  18.  No,  U8.  May  18*1.         Y 
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confine  myself  to  another  mode  of  inves;tigatioD|  of  which 
results  will  be  beyond  doubt,  namely,  that  by  rectangular 
ordinates. 

The  point  in  dispute  may  be  well  stated  in  ProfessorChal 
words :  ^'  I  have  certainly  considered  it  possible  that  the  \ 
city  of  the  fluid  at  a  given  distance  from  the  cei^tre  to  or  i 
which  it  is  directed,  may,  at  a  given  instant,  be  diffierei 
difierent  directions  from  the  centre,  provided  there  be 
abrupt  variation." 

Kow  I  undertake  to  show  thaty 

1st.  If  the  motion  of  the  particles  be  directed  to  or  frc 
centre  (or  approximately  so,  the  whole  investigation  b 
approximate),  the  motions  must  be  the  same  in  w  directi 
in  phase  as  well  as  in  coefficient 

2nd.  If,  in  order  to  support  Professor  Challis's  expres 
for  the  movement  of  the  particles  to  or  from  a  centre, 
suppose  other  movements  perpendicular  to  these  radi 
coexist,  then  it  will  be  shown  that  the  possibili^  of  sm 
combination  of  movements  is  not  proved,  and  that  (as  it 
pends  upon  finding  two  quantities  which  shall  satisfy  t 
equations)  the  presumption  is,  that  it  is  impossible. 

I  proceed  now  with  the  investigation. 

If  f/,  v,  Wj  be  the  velocities  in  the  directions  x^y^  z, 
particle  which  at  the  time  t  has  the  coordinates  x^y^z  (t 
velocities  being  expressed  in  terms  of  :r,y,  r,  and  /),  ai 
g  be  the  density  at  that  point  and  p  the  corresponding  pi 
ure,  and  if  ^  =  A:jd;  ttie  equations  to  the  motion  of^ 
particle  (no  accelerating  force  being  supposed  to  act)  arc 
following: 

1     dp  ^        du         du 


f 


dx  dt         dx 

dv 


u  — 


1     dp  _        dv 


P 


du 

dv 

d'm 


dy  "^        dt         dx 
1     dp  ^        dw        d w  dw 

'Y^'dz  ""  ""  "57  dx  ^  dy   ^  ~  dz   ^ 

dp     _       d'pu  __  d^.pv  ^  d^pw 
dt     ~"        dx         dy  dz 

These  equations  are  rigorous.  If,  however,  we  coi 
ourselves  to  quantities  of  the  first  order  of  the  displacen 

and  velocities :  since  «  ^,17-^,  &c.   are  evidently  of 

second  order:   and  since  w  -7^,  or  ku-^^oxkpui 

ax  ax  ' 
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du  \ 

+  u  j]:  +  &c.  j  is  a  quantity  of  the  second  order:  the  equa- 
tions are  reduced  to  these : 

d.Xogp  ,  du 

dw  dt 

dy  ^^ 

dz  dt 

d.logp    _  du         dv  ^   dw 

dt        "    ""    rfor  ""   dy         dz  ' 

And  the  method  of  testing  the  possibility  of  any  assumed 
system  of  movement,  or  of  discovering  the  conditions  which 
must  be  satisfied  by  the  system  of  movements,  will  be,  to  form 
the  expressions  on  the  ri^ht^hand  side  of  these  equations,  and 
to  try  whether  they  satisfy  the  equations  which  must  hold 
amon^  the  four  dimrential  coefficients  of  the  same  quantity. 

L  Now  suppose  the  whole  velocity  of  the  particle  x,  y,  z^ 
to  be  directea  from  the  centre,  and  at  the  time  t  to  have  the 
value  u  (motion  towards  the  centre  being  implied  by  a  nega- 
tive value  of  v) ;  and  suppose  that  centre  to  be  the  origin  of 
coordinates.  Then 

«  -  «^>  «^  =  tt^,  w  =5  u  -^ :  where  r  =t    v^'^f+y^^ 

du   ^    X     dv     dv   ^    y      dv      dw         s    dv^        .. 

X       /I        X     dr\      dv     a?.      /I     x^\ 

dv        du     y   ^     /I        v*\      dw     dv     %    ^      /I      «*\ 

dx  ^  dy^  dz       r  \  dx^^  dy  dz)^      r 

atituting  these  values  in  the  equations  above,  they  become 

=  X 


du        dv 
dx        dx 


d  •  log  p 
dx 

=  — 

kx 
r 

du 

'  dt 

d.logp 

dy 

=  — 

r 

du 

'  dt 
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d . log p   _  _  ^^     du  ^  y 

dz       *"         r  '   d/  "" 

£{ .  loff  p  1/dv.        (fu  r/u\       2v        rn 

dt  t\    dx       ^  dy  dz }        r 

In  order  that  the  supposed  motion  may  be  possible,  these 
expressions  must  satisfy  the  following  equations : 
...dX_dY      ,_,rfY_rfZ      f^.dZ        dT 

Equation  (l.),  on  performing  the  differentiation,  becomes 
kxy     dv         kx        <f  u     _    kxy     dv        ky       d^v 
l^'Yi         VTydt'^    ^l^'U        Vdim^ 

^^  ^J^t'^^d^Tdt' 

r        du  It*  •      1  1      d<A        1     d  tn 

Let  -TT  =  « ;  then  this  equation  becomes  —  .  j—  =  - .  -r-. 
dt  *  ^     ay      ;r   ax 

If  we  solve  this  equation,  in  the  usual  way  of  solving  partial 
differential  equations  of  the  first  order,  we  find  that  a  roust 
be  a  function  of  x*+y*. 

Treating  equation  (2.)  in  the  same  manner,  we  find  that 
a>  must  be  a  function  ofy^H-^** 

It  is  evident  that  these  results  can  be  united  only  by  the 
supposition  that  »  is  a  function  of  x^  +  y^  -f  z\  or  of  i-^,  or 
of  r. 

That  is,  -jT-  is  a  function  of  r  and  t  only ;  and  the  quan- 
tities x,  y,  z^  do  not  enter  into  it  except  as  combined  in  the 
formula  a?  4-^ + «'. 

Integrating  this  function,  u  =:  R-f  S,  where  R  is  a  function 
of  r  and  /,  and  S  is  a  function  of  Ar,y,  z. 

Jcz    dTL 

To  form  equation  (3.),   we  remark  that  Z  ^ •  -^  , 

and  therefore  -r-  = ,s*    Also  that  part  of  T  which 

dt  r      dv  ' 

,         ,         -,  .         1  /    dR     X    .     dR     V    .      dR    2\ 

depends  on  R  is 1  or  -r—  •  —  +  y^f  •  -^  +  2?  -1—  •  —  1 

^  r\    dv      r      ^  dr     r  dr     r  J 

2R  dR      2R      ,.  ,e/r  W    ^S    ^       dS 

= J .     Put  S'  for (x  J—   +  V  J— 

r  dr  r  r  \    dx         '^  dy 

.     dS\      2S™       ^  dR      2R.^  ,dT 

4-  z-~r-  I .    Then  T  = 3 h  W :   and  -7- 

ds/        r  dr         r  d;? 

z     d«R      25r     dR      2«p      dS' 

■""T*  d7^^^- d7+y  "+  dl* 
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quation  (S.)  therefore  becomes 
kz    dlR_«_    d*R      2a    ^.    2«„       dSf 
r  '  dt*       r'dr*       r»  *  dr  '*'    H  ^^  "*"  rfF* 

be  two  parts  of  this  expression  which  depend  u)K>n  R 
upon  S^  ore  essentially  distinct,  and  the  equation  there- 
expresses  these  two  things : 

=  -^     (^and  similarly  0  =  ^.    "^  =  d^) 
.d«R      d»R       2     dR      2R 

rom  the  first  of  these  equations  8'  =  C, 
rfS  ^     rfS    ,       dS    ^„e  n 

iitegral  of  which  is  S  =  ^  .  ♦  (f .  f ,  -j)-  ^T . 

be  solution  of  the  second  equation  is 
__f\r^at)     f{r-at)       F(r-fgO      F(r+at) 
"         r  f^        '^  r  r«         » 

e  *a«=  1, 

id  hence  the  complete  value  of  u  in  its  most  general  form 
^  f'{r-at)  _  /(r-at)        P(r-fa/)  _  F(r+ai) 
r  7^  r  1^ 

/x    y     z\       Cr 

vill  now  explain  these  several  terms. 

L  Motion  from  the  centre  is  possible  without  any  other 

Cr 

m  if  the  velocity  is  expressed  by 5--,  that  is,  if  every 

«j 

-ical  layer  to  unlimited  distance  increases  or  diminishes 
antly  with  the  time  in  the  same  geometrical  proportion, 
meaning  of  this  term  will  be  fulfy  understood  if  we  ex- 

B  the  corresponding  expression  for     *    ^   ,  which  is  then 

C*    As  we  cannot  conceive  a  case  in  which  the  sur- 
iing  atmosphere  can  have  the  density  proper  for  this 
we  may  at  once  dismiss  it  as  inapplicable  to  any  practi- 
roblem. 
1  Motion  from  the  centre  is  possible  without  any  other 

m  if  the  velocity  is  expressed  by  -^*  (  T»    .  >  "7  )f 
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that  is,  if  in  every  different  direction  it  is  the  same^  or  di£ 
according  to  any  arbitrary  law ;  but  if  in  different  poi 
that  direction,  it  is  inversely  as  the  square  of  the  distance 
the  centre.  This  shows  that  the  same  quantity  of  air  ] 
in  every  second  of  time  in  the  same  direction  through 
section  of  each  small  solid  angle.  As  we  cannot  in  any 
tical  case  provide  for  the  incessant  supply  of  air  whicl 
will  require,  we  may  lay  aside  this  form  of  solution, 
remark,  that  this  solution  is  made  possible  only  by  the  n 
of  terms  of  the  second  order  of  velocities^  for  it  would 
be  found,  upon  examining  the  forces  corresponding  t 
motion,  that  there  are  forces  depending  on  the  squares 
locity  which  are  inconsistent  with  this  motion. 

3rd  Motion  from  the  centre  is  possible  without  any 

motion  if  the  velocity'is  expressed  by  "^  ^  7" —  ""  ^^~ 

+  I!i!:±^-?^Uhere  *««  =  !.    Thisexpr 

represents  two  series  of  waves,  one  rolling  from  the  i 
and  the  other  towards  the  centre  :  but,  for  each  of  these  i 
the  phase  and  the  intensity  are  the  same  in  every  dir 
from  the  centre. 
The  form  of  solution  adopted   by   Professor  Cha 

I         r  r* 


cos  0 , 


-\     If  z  be 


the  axis 


which  0  is  measured,  cos  0  =  — ,   and  this  expressioi 


comes 


?5  r^ 


This  expression 


included  in  any  of  the  formulae  already  discussed ;  i 
evidently  will  not  satisfy  the  conditions  found  above ; 
cannot  therefore  apply  to  the  problem  before  us. 

II.  But  suppose  (as  an  assumption  of  which  the  poss 
is  to  be  tested),  that  the  motion  from  the  centre  is  repre^ 

z  R 
by  the  formula ^  as  assumed  by  Professor  Challis,  an 

this  motion  is  accompanied  by  other  motions  normal 
radius  for  every  point.  These  motions  may  be  reprei 
in  the  most  general  way  by  one  velocity  P  in  the  plane 
ing  through  z  and  r,  and  another  velocity  Q  perpend 
to  that  plane.  Resolving  all  the  assumed  velocities  i 
directions  of  or,  y,  and  2r,  we  have 
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For  simplicity,  pnt  p-^^^p  =!>.  ;;^j-|  =  y;  then 
u  =  R^  —px-qy 

From  these, 

'Tz        "*d7~*\~r«  'IT        T~'dt)    -'^ 

d.logf       _^_^ <ftt>_      if R    _« oR_£. 

rf/  rf*       dy      dx'~       dr  '  r  t* 

•'^  «'  dx   ^  dy    ^  dx       dy        z      dx 

Now  -5 —  must  =  -s— ,    or 

^-'dydt      ^  dxdt^^dt'^^d^t'^'Jirt' 

.    ,  rfY        ,       rfZ 
And  -J—  must  a  -jr-,  or 
ds  dy 

y    dR       2y  dp  d»p  d*q 

^-'  'T^'Tt^^'di  ^^dldt^'di^Tt 

■*■    «       '  dydt' 

^    ,  dZ        ,      dT 
And  "57  must  =  j^,  or 
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kz^   cPK       z"     (PK 


dr 


dr'^ 


2s 
-73 


dr         t^ 


—  2p 


+  y 


.?!±y  .  o^P 


d^  q 
dxdz 


+  2;rt-^+^ 


£;;sr 


dxdi 


+  y 


dy  dz 


—  or 


</^  g        g^+y    d*^ 


dydz 


The  form  assumed  for  R  makes  the  four  first  terms  of 
lost  equation  destroy  each  other.  Removing  these,  and  s 
stituting  the  value  of  R  in  the  other  terms  in  which  that  le 
occurs,  we  have  three  differential  equations  to  determine 
unknown  functions.  Unless  it  can  be  shown  that  one  of  tl 
eauations  can  be  deduced  from  the  other  two,  the  ^isco\ 
of  these  two  unknown  functions  must  be,  in  the  natun 
things,  impossible.  Without  professing  to  have  examined 
equations  minutely,  I  can  only  say  at  present  that  the  tl 
equations  appear  to  me  to  be  inconsistent,  and  therefore  I  < 
sider  that  the  motion  assumed  by  Professor  Challis  is  im[ 
sible,  even  when  accompanied  with  any  other  transversal  1 
tions  whatever.  The  onus  of  proving  that  the  three  equati 
are  consistent,  rests  with  the  supporter  of  such  a  solutioi 
that  to  which  I  have  alluded. 

I  am.  Gentlemen, 

your  very  obedient  servant. 
Royal  Observatory,  Greenwich,  G.  B.  All 

March  ^,1841. 

LV.    On  the  Electrical  Ph^enomena  attending  the  Efflu. 
Condensed  Air^  and  of  Steam  generated  under  Pressure. 
Wm.  Geo.  Armstrong,  Esq.* 

^T^HE  investigation  of  the  causes  which*  induce  and  mo 
the  development  of  electricity  during  the  emissior 
steam  and  compressed  air,  derives  unusual  importance  f 
the  prospect  it  affords  of  elucidating  certain  obscure  princi 
in  electrical  science,  and  of  leading  to  an  explanation  of  s 
ral  meteorological  and  other  natural  phsenomena,  of  whici 
satisfactory  theory  has  been  hitherto  adduced.  The  n 
novelty  of  the  subject,  and  its  connexion  with  that  myster 
and  all-pervading  agent,  electricity,  the  further  knowledg 
which  is  so  essential  to  our  progress  in  natural  philosoj 

*  Communicated  by  the  Author :  see  p.  265  of  our  last  Nuniber. 
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art  peculiar  interest  to  the  inquiry,  and  render  it  worthy 
ealous  pursuit. 

1  the  hope,  therefore,  oF  promoting  an  investigation  which 
ears  to  me  to  possess  so  much  interest  and  importance,  I 
e  recently  undertaken  a  series  oF  additional  experiments, 
1  on  the  electricity  of  expanding  air,  and  on  that  of  efflu- 
steam,  and  I  trust  that  the  results  which  I  have  now  to 
imunicate  will  be  found  deserving  of  attention,  and  condu- 
I  to  further  discovery. 

^hese  experiments  will  be  treated  in  the  following  pages 
er  two  heads ;  the  first  embracing  the  experiments  on  ex- 
ding  air,  and  the  second  those  on  effluent  steam, 
n  my  last  communication  to  the  Philosophical  Magazine^ 
ated — 

st.  That  I  had  succeeded  in  producing  a  powerful  elec- 
al  development  by  discharging  highly  compressed  air  from 
insulated  receiver  of  considerable  capacity, 
ndly,  That  on  repeating  the  experiment  a  great  number 
imes,  I  found  the  electricity  manifested  in  the  receiver  to 
^nerally  negative^  but  occasionally  positive. 
rdly,  That  the  intensity  of  the  development  had  proved 
eedingly  unequal,  the  receiver  having  sometimes  been  so 
hly  electrified  as  to  yield  a  spark  a  ciuarter  of  an  inch  long, 
le  at  other  times  its  electricity  had  been  feeble,  and  that 
juently  I  could  detect  no  electricity  at  all. 
rthly,  That  the  electricity  of  the  emitted  air  had  been  posi- 
i  in  every  instance  that  I  had  tried  it. 
Ithly,  That  I  had  more  frequently  succeeded  in  producing 
electrical  development  when  the  receiver  was  cold,  and 
itained  a  little  moisture,  than  when  it  was  warm  and  dry. 
[laving  thus  briefly   recapitulated  what  I   have    already 
tten  on  the  subject,  the  necessity  of  referring  to  the  com- 
nication  I  have  mentioned  will  be  avoided. 
[  have  now  clearly  ascertained  that  the  temperature  of  the 
eiver,  and  the  presence  of  water  within  it,  powerfully  in- 
mce  the  phaenomena.    The  colder  the  receiver  the  stronger 
he  development  of  electricity ;  and  if  the  receiver,  when 
fectlv  dry,  be  heated  until  it  becomes  unpleasantly  hot  to 
toucned  with  the  naked  band,  the  discharge  of  the  air 
ises  to  produce  any  indication  of  electricity.     If  the  inside 
the  receiver  be  damp,  a  higher  temperature  is  required  to 
literate  the  signs  of  electricity ;  and  if  a  few  ounces  of  water 
poured  into  the  receiver,  it  may  be  heated  to  any  degree 
:hout  preventing  an  electrical  development,  or  even  render- 
f  it  very  inconsiderable.     At  low  temperatures,  however, 
t  presence  of  water  in  the  receiver,  or  a  humid  condition  of 

•  Nuraber  for  February,  p.  133. 
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the  compressed  air,  appears  to  have  little  tendency  to  aug* 
meat  the  effects.  This  I  infer  from  the  following  experi- 
ment 

After  thoroughly  drying  the  interior  of  the  receiver  I  intro- 
duced a  quantity  of  caustic  potash  for  the  purpose  of  absorb- 
ing the  moisture  of  the  condensed  air.  I  then  charged  the 
receiver,  and  set  it  in  a  cold  place,  where  I  allowed  it  to  re- 
main for  about  twelve  hours,  to  afford  sufficient  time  for  the 
potash  to  produce  the  desired  effect.  After  this  I  insulated 
the  receiver  and  discharged  the  air,  and  found  the  effects  to 
be  nearly  the  same  as  when  no  precautions  were  taken  to  ez« 
elude  moisture. 

Whether  the  receiver  be  wet  or  dry,  I  find  that  a  rapid 
discharge  of  the  air  is  indispensable  to  the  production  of  the 
phaenomena.  The  effects  are  always  strongest  when  the  cock 
for  discharging  the  air  is  fully  opened;  and  when  by  only 
partially  openmg  the  cock  the  emission  of  the  air  is  prolonged 
beyond  the  period  of  about  a  minute,  no  electricity  appears  to 
be  developed. 

My  former  experiments,  of  which  the  results  were  so  ex- 
ceedinglv  capricious,  were  made  in  very  frosty  weather,  but 
those  ot  which  I  am  now  speaking  were  made  when  the 
weather  was  mild  and  damp,  and  were  much  more  uniform  in 
their  results ;  but  whether  the  singular  fluctuations  observed 
in  the  first  set  of  experiments  were  owing  to  the  state  of  the 
atmosphere,  or  to  some  other  cause  which  has  escaped  my 
detection,  I  feel  quite  unable  to  say. 

In  my  latter  experiments  the  electricity  of  the  receiver  was 
uniformly  negative,  and  the  intensity  of  the  electrical  develop- 
ment did  not  vary  considerably.  When  the  receiver  was  not 
insulated,  the  electricity  of  the  effluent  air  was  always  posi- 
tive ;  but  when  the  receiver  was  supported  upon  an  insulated 
stand,  it  frequently  happened,  especially  if  the  receiver  were 
not  internally  dry,  that  the  gold  leaves  of  the  electroscope 
connected  with  the  pointed  conductor,  by  which  the  electri- 
city was  drawn  from  the  jet  of  air,  separated,  first  ^i\h  positive 
electricity,  then  closed,  and  opened  with  negative  electricity. 
This  effect  might,  with  much  probability,  be  ascribed  to  the 
formation  of  a  conducting  communication  between  the  insu- 
lated receiver  and  the  pomted  conductor,  by  means  of  watery 
particles  ejected  with  tne  air ;  only,  if  this  were  the  case,  the 
pointed*  conductor  would  not  retain  its  electricity,  as  it  inva* 
riably  does  when  the  receiver  is  not  insulated. 

Sometimes  the  development  of  electricity  does  not  take 
place  until  the  air  is  almost  wholly  discharged,  and  then  the 
pith  balls  suspended  from  the  receiver,  and  the  ffold  leaves 
of  the  electroscope  attached  to  the  pointed  conductor,  ab- 
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mptly  start  <^eD,  the  action  being  accompanied  by  a  peculiar 
sound  indicating  the  ejection  of  drops  of  water  from  the  tube 
through  which  the  air  is  escaping.  It  would  be  a  curious  fact 
if  the  sound  thus  occasioned  were  proved  identical  with  that 
which  Dr.  Schaf  haeutl  mentions  as  uniformly  accompanying 
the  development  of  electricitv  in  his  experiments  on  the 
steam  evolved  from  a  Marcet  boiler.  This  sound,  however, 
often  occurs  iifier  the  electricity  has  appeared,  but  it  is  uui* 
fbrmly  the  signal  ibr  the  electroscope  to  open  when  the  de- 
velopment has  not  previously  taken  place.  I  cannot  say  that 
I  have  ever  noticed  a  similar  noise  in  any  of  my  experiments 
on  steam. 

I  am  wholly  at  a  loss  for  an  explanation  of  these  singular 
phaenomena.  It  is  well  known  that  a  copious  precipitation  of 
vapour,  and  a  greatly  accelerated  evaporation,  are  the  simuU 
taneous  effects  of  the  sudden  dilatation  of  condensed  air  in  a 
receiver — the  precipitation  being  caused  by  the  extreme  cold 
produced  by  expansion,  and  the  increased  evaporation  by  the 
diminution,  which  the  precipitation  occasions,  of  the  quantity 
of  transparent  vapour  contained  in  the  air— and  to  the  agency 
of  these  two  principles  I  was  at  first  inclined  to  attribute  the 
efiects  in  question,  conjecturing  that  the  variation  in  the 
kind  of  electricity  developed  in  the  receiver,  might  be  owing 
to  the  predominance,  sometimes  of  evaporation,  and  some- 
times of  precipitation.  The  remarkable  influence  of  heat 
and  moisture,  and  tlie  effect  of  a  slow  evacuation  of  the  re- 
ceiver, by  which  precipitation  is  known  to  be  prevented,  seem 
to  point  out  the  connexion  of  the  phaenomena  with  one  at  least 
of  die  principles  I  have  named ;  but  I  find  so  much  difficulty 
in  accounting  for  many  of  the  efiects  I  have  recently  observed^ 
by  reference  to  both  or  either  of  these  causes,  or  to  any  other 
cause  I  can  think  of,  that  I  am  at  present  unable  to  form  any 
opinion  on  the  subject. 

I  now  come  to  the  second  division  of  this  paper,  and  shall 
commence  with  a  description  of  the  evaporating  apparatus 
which  I  used  in  the  experiments  on  effluent  steam. 

This  apparatus  was  constructed  under  my  own  directions 
for  the  especial  purpose  of  experiment,  for  which  it  is  much 
better  adapted  than  a  steam-engine  boiler;  although  from 
the  smallness  of  its  size  it  is  not  calculated  to  exhibit  effects 
equally  brilliant  It  consists,  chieflv,  of  a  strong  cylindrical 
boiler,  and  a  stove,  in  which  the  boiler  is  placed  vertically,  in 
such  a  manner  as  to  be  exposed  on  all  sides  to  the  heat  of  the 
fire.  The  boiler  is  thirty  inches  deep  and  four  inches  wide 
in  the  inside,  and  is  made  of  the  alloy  of  copper  and  tin, 
usually  called  gun-metal.  The  stove  is  supported  upon  glass 
Uga  to  iitfulate  it. 
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The  accompanying  figure  represents  the  entire  apparat 
A  A  is  a  vertical  section  of  the  stove ; 
B  is  the  boiler ;  C  a  graduated  safety 
valve ;  D  a  copper  pipe  which  pro- 
ceeds out  of  the  boiler  through  the 
stuffing-box  E,  then  enters  the  stove, 
in  which  it  is  coiled  three  or  four 
times  round  the  boiler  a  little  above 
the  fuel,  and  finally  terminates  out- 
side of  the  stove  in  the  cock  F,  at 
which  the  steam  is  discharged,  after 
being  thoroughly  dried  in  passing 
through  the  pipe  thus  subjected  to 
the  fire.  This  pipe  is  easily  removed, 
and  instead  of  it  I  frequently  inserted 
in  the  boiler  a  simple  glass  tube  with 
a  cock  upon  it.  The  fuel  which  I 
used  was  coke. 

This  apparatus,  considering  its  diminutive  size,  proved  e: 
ceedingly  effective.  When  the  rate  of  evaporation  was  aboi 
a  gallon  in  an  hour,  and  the  pressure  in  the  boiler  100  lbs.  o 
the  square  inch,  I  could  charge  a  pint  coated  phial  of  vei 
thin  glass  in  a  couple  of  minutes,  sufficiently  to  give  a  rathe 
smart  shock.  I  found  the  best  method  of  charging  the  phii 
was  simply  to  connect  its  knob  with  the  boiler  or  the  insi 
lated  stove  which  contained  it,  for  I  could  always  collect  ele( 
tricity  in  much  greater  abundance  from  the  evaporating  vessi 
than  from  the  issuing  steam. 

I  confidently  anticipated,  that,  in  accordance  with  all  forme 
experiments  on  the  subject,  the  electricity  of  the  evaporatin 
vessel  would  invariably  be  negative,  and  that  of  the  effluer 
steam  uniformly  positive;  but  I  soon  discovered,  to  my  gre« 
surprise,  that  under  certain  conditions,  these  electrical  state 
of  the  boiler  and  steam-cloud  were  reversed. 

Lest  it  should  be  suspected  that  my  assertion  of  this  ex 
traordinary  fact  is  founded  upon  erroneous  observation,  I  fee 
it  necessary  to  state,  that  I  was  most  unwilling  to  believe  tha 
ejected  steam  could,  under  any  circumstances,  evolve  negativ 
electricity,  inasmuch  as  its  doing  so  was  diametrically  op 
posed  to  the  theory  which  in  a  former  paper  I  ventured  t 
ndvance  in  explanation  of  the  electrical  phaenomena  of  efl^uen 
steam,  and  that  I  was  only  convinced  of  the  reality  of  th 
change,  after  making  repeated  trials  and  applying  a  variet 
of  tests,  which  gave  tne  same  result  in  every  instance. 

I  made  numerous  experiments  to  ascertain  what  the  con 
ditions  were  under  which  the  transmutation  took  place,  anc 
am  led  to  believe,  from  the  following  circumstances,  that  ai 


Digitized 


by  Google 


aticnding  the  Effltlx  ofcofidensed  Air  and  Steam.      333 

overheated  state  of  that  part  of  the  boiler  which  contains  the 
steam,  is  one,  at  least,  of  the  causes  which  induce  the  effect. 
It  will  be  readily  perceived,  that  by  closing  the  door  of  the 
8tove  a  considerable  increase  of  temperature  would  be  occa- 
sioned in  the  upper  part  of  the  boiler  where  the  steam  was 
lodged,  and  I  found  that  in  almost  every  instance  in  which  this 
was  done,  the  negative  electricity  of  the  boiler,  and  the  posi* 
live  electricity  of  the  steam,  began  to  decline,  and  continued 
so  to  do  until  they  vanished  entirely,  and  then  positive  elec- 
tricity gradually  appeared  in  the  boiler,  and  negative  electri- 
city in  the  emitted  steam.  A  diminished  state  of  the  water  in 
the  boiler  would  also,  of  course,  favour  the  accumulation  of 
heat  in  the  higher  region  of  the  boiler,  and  such  a  state  of  the 
water  proved  to  be  likewise  conducive  to  the  conversion  of  the 
electricities.  I  have  reason,  however,  to  think  that  there  are 
other  causes  by  which  a  change  is  effected  in  the  electrical 
states  of  the  boiler  and  steam-cloud ;  but  before  any  definite 
opinion  can  be  formed  on  this  point,  I  consider  further  ex- 
periments to  be  necessary. 

I  shall  now  speak  of  the  effects  of  pressure,  first,  when  the 
steam-cloud  evolves  positive  electricity,  and  secondly,  when 
it  liberates  negative  electricity. 

In  experiments  to  ascertain  the  comparative  intensity  of 
the  electricity  evolved  by  steam  at  different  pressures,  it  is  of 
course  essential  that  equal  weights  of  steam,  and  not  equal 
volumesj  should  be  emitted  in  equal  times ;  and  to  effect  this 
condition  it  is  necessary  that  the  discharging  aperture  should 
be  diminished  in  the  same  proportion  that  the  pressure  is  in- 
creased, and  vice  versd.  The  safety-valve  is  in  this  respect 
a  self-regulating  apparatus,  because  it  permits  an  escape  of 
steam  precisely  equal  to  the  production,  which,  with  a  uni- 
form fire,  is  the  same  at  all  pressures.  Another  requisite  in 
such  experiments  is,  that  the  steam  should  issue  in  states  of 
equal  dryness.  If  a  strong  fire  be  used,  the  discharge  at  low 
pressures  is  so  voluminous^  that  it  is  exceedingly  apt  to  sweep 
unvaporized  water  out  of  the  boiler,  and  thereby  to  dissipate 
the  electricity,  or  conduct  it  to  the  valve. 

By  availing  myself,  then,  of  the  safety-valve  as  a  means  of 
equalizing  the  escape,  and  by  maintaining  the  fire  at  once 
uniform  and  moderate,  I  was  enabled  to  effectuate  equal  emis- , 
sions  of  dry  steam,  under  successive  augmentations  of  press- 
ure, and  the  following  are  the  results  I  obtained,  so  far  as 
they  apply  to  the  usual  condition  of  the  steam-cloud,  or  that 
in  which  it  evolves  positive  electricity. 

In  the  first  place  I  removed  the  valve  from  its  seat,  and 
suffered  the  steam  to  escape  without  any  restraint  whatever} 
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but  under  these  circumstances  I  could  detect  no  electrical 
velopment  beyond  what  was  attributable  to  the  combustioi 
the  fuel,  which  always  produced  sufficient  electricity  in 
evaporating  apparatus  to  affect  the  gold  leaves  of  the  elect 
scope,  when  a  condensing  plate  was  used.  I  then  re^toi 
the  valve,  and  when  the  pressure  scarcely  exceeded  one  pov 
on  the  square  inch,  the  gold-leaf  electroscopci  connected  w 
the  boiler,  gave  the  first  indication  of  electricity  distinguu 
able  from  that  produced  by  combustion.  The  slightest  i 
dition  to  this  pressure  caused  an  excessive  increase  of  elect 
city,  and  at  three  pounds  on  the  square  incbi  small  spai 
could  be  drawn  from  the  boiler  at  the  rate  of  five  or  six  h 
minute.  Afler  this  each  successive  equal  increase  of  pressi 
produced  a  less  augmentation  of  electricity  than  the  pre 
ding  one.  I  should  say  that  the  electricity  manifested  at  thi 
pounds  on  the  square  inch,  was  not  doubled  until  the  pre 
ure  became  fifteen  pounds  per  square  inch  ;  not  trebled  ui 
it  reached  fifty  pounds ;  not  quadrupled  until  it  was  raised 
120  pounds;  and  that  when  the  pressure  was  augmented 
250  pounds  on  the  inch,  which  was  as  high  as  I  ventured 
carry  it,  the  electricity  of  the  boiler  did  not  appear  to  be  m< 
than  five  times  greater  than  at  a  pressure  of  only  three  pour 
on  the  inch.  Such  were  the  results  I  obtainea ;  but  as  1 
causes  which  tend  to  produce  the  opposite  electrical  states 
the  boiler  and  steam-cloud  were  probably  not  altogetl 
quiescent  in  these  experiments,  the  effects  might  possibly  hs 
been  different,  if  the  apparatus  had  been  so  constructed  as 
be  more  or  less  favourable  to  the  operation  of  such  caus' 
The  feebleness  of  the  electricity  evolved  by  the  steam  d 
charged  from  Perkins's  gun*,  is  probably  owing  to  a  counts 
acting  agency  of  the  nature  I  have  mentioned ;  and  the  var 
tion  which  has  been  observed  in  the  intensity  of  the  electrii 
effects,  produced  by  the  steam  discharged  at  similar  pre 
ures  from  different  steam-engine  boilers}  may  be  explain 
upon  the  same  principle. 

When  circumstances  were  such  as  to  render  the  electric 
states  of  the  boiler  and  steam-cloud  the  reverse  of  what  th 
usually  are,  the  effects  of  pressure  were  exceedingly  inco 
gruous  and  perplexing. 

*  I  presume  it  has  been  tried  whether  the  steam  from  Perkins's  gun 
positive  or  negative ;  but  if  not,  I  recommend  the  trial  to  be  made,  anc 
think  it  possible  that  the  electricity  may  prove  to  be  negative  \  espeaallj 
the  pressure  be  run  down  a  little  and  the  steam  not  permitted  to  esca 
very  rapidly.  The  condensation  which  must  take  place  ra  the  gun-barrel  ? 
be  unfavourable  to  a  development  of  electricity,  and  the  steam  ougl 
therefore,  to  be  discharged,  irpracticable,  by  some  other  means. 
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rhe  lowest  pressure  at  which  I  could  detect  positive  elec- 
ity  in  the  boiler,  was  much  the  same  as  that  at  which  ne- 
ive  electricity  first  appeared ;  and  an  increase  of  pressure, 
kr  as  about  thirty  pounds  on  the  inch,  augmented  the  in- 
sity  of  the  development  in  the  same  ratio^  apparently,  as 
sn  the  boiler  was  negative ;  but  further  additions  to  the 
i  on  the  valve  were  attended  with  very  variable  results, 
aetimes  increasing,  and  sometimes  diminishing  the  electri- 
r.  The  most  remarkable  circumstance,  however,  was  that  a 
isiderable  increase  of  pressure  always  produced  in  the  first 
tance  a  temporary  recurrence  to  negative  electricity  in  the 
ler,  which  lasted  for  a  minute  or  two,  and  then  again 
re  place  to  positive  electricity.  I  suspect  that  this  curious 
$ct  is  occasioned  by  the  steam  and  water  acquiring  an  in- 
aaed  temperature  more  rapidly  than  the  metal  of  the  upper 
rt  of  the  boiler,  so  that  when  the  boiling  point  correspond- 
;  to  the  load  on  the  valve  is  again  attained,  the  metal  in 
itact  with  the  steam  is  not  at  first  hot  enough  to  reverse  the 
tural  electrical  state  of  the  boiler.  If  this  view  of  the  sub* 
t  be  correct,  it  follows  that  the  degree  of  heat  which  is  ne- 
;sary  in  the  metal  to  render  the  ho\\ev  positively  electrified, 
9  reference  to  the  boiling  point  of  the  water,  and  the  tem- 
rature  of  the  steam. 

When  the  pressure  was  considerable,  the  tendency  to  ne- 
tive  electricity  in  the  steam-cloud  was  greatly  increased  by 
ssing  the  steam  through  the  copper  pipe  acted  upon  by  the 
e;  so  much  so  indeed,  that  I  could  frequently  obtain  a  jet 
steam  negatively  electrified  from  the  pipe,  at  the  same  time 
Eit  a  jet  of  steam  positively  electrified  was  escaping  from  the 
Ive.  At  low  pressures,  however,  the  efiect  of  passing  the 
mm  through  the  pipe  was  radier  the  reverse  of  what  I  have 
uitioned,  and  I  therefore  scarcely  know  whether  to  regard 
s  result  as  favourable  or  adverse  to  the  agency  which  I 
.ve  ascribed  to  heated  metal. 

By  much  the  most  powerful  effects  were  obtained  when 
e  steam  was  discharged  through  a  short  glass  tube  inserted 
the  boiler.  When  the  tube  was  long  a  considerable  con- 
naation  took  place  within  it,  which  greatly  diminished  the 
^ctricity  of  the  jet.  The  electricity  was  seldom  so  strong 
len  the  boiler  was  positive,  and  the  steam-oioud  negative, 
when  they  were  in  the  opposite  and  usual  states. 
The  neutrality  of  the  steam  in  the  boiler,  whether  the 
3am-cloud  evolved  positive  or  negative  electricity,  was  clearly 
inced  by  the  electricity  of  the  jet  not  being  abated  by  pass- 
g  the  steam  through  the  copper  pipe,  which  was  ten  feet 
Dg»  and  only  three-eighths  of  an  inch  in  diameter. 
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The  superior  intensily  of  the  electrical  development  w 
accompanies  the  emission  of  high-pressure  steam,  and  the 
of  the  upper  or  distended  portion  of  the  jet  being  more  hi; 
electrified  than  the  lower  or  upexpanded  part,  seem  to  fa' 
the  supposition  that  the  evolution  of  electricity  in  the  stc 
cloud  depends  upon  the  dilatation  of  the  steam.  I  havi 
ready  adduced,  in  former  communications,  reasons  for  re 
ing  this  hypothesis ;  but  feeling  anxious  to  remove  all  A 
upon  the  subject,  I  resorted  to  the  following  method  ol 
termining  the  question.  To  the  cock  F,  which  termir 
the  copper  pipe,  I  attached  a  metallic  cylinder,  which  was 
sufficiently  hot  to  prevent  any  condensation  of  steam  tal 
place  within  it,  and  was  perforated  at  one  end  with  a  ro 
tude  of  small  holes,  through  which  the  steam,  after  expaoi 
in  the  cylinder,  was  suffered  to  escape  at  a  density  scar 
exceeding  that  of  the  atmosphere.  Now  if  expatision 
produced  the  development  of  electricity,  the  steam  would  I 
become  electrical  in  the  cylinder,  and  would  have  parted 
its  electricity  in  passing  through  the  holes,  and  thus  the  stc 
cloud  would  have  been  rendered  neutral ;  but  so  far  from 
being  the  case,  I  could  perceive  no  diminution  of  electr 
when  the  steam  was  subjected  to  this  treatment.  We 
therefore  confidently  infer  that  the  liberation  of  electr 
in  the  jet  does  not  proceed  from  expansion,  and  that  nlthc 
the  intensity  of  the  electrical  development  is  so  greatly 
fected  by  pressure  in  the  boiler,  it  is  quite  independent  oi 
density  at  which  the  steam  is  ejected. 

The  precipitation  of  the  steam  appears  then  to  be  the  i 
cause  to  which  the  liberation  of  electricity  in  the  jet  ca 
assigned.  Assuming  this  conclusion  to  be  correct,  the  : 
question  is,  does  the  precipitation  of  the  steam  give  rise  tc 
electricity  of  the  evaporating  vessel,  as  well  as  to  that  of 
steam-cloud;  or  is  the  electricity  manifested  in  the  boiler, 
effect  of  evaporation,  or  of  some  oth^r  process  distinct  I 
that  which  excites  electricity  in  the  jet  r  The  neutralit 
the  boiler  when  the  steam  is  confined,  seems  to  imply, 
the  same  cause  which  produces  electricity  in  the  cloud 
casions  also  the  opposite  electricity  in  the  evaporating  ve 
I  endeavoured  to  resolve  the  ciuestion  so  far  as  regards 
agency  of  evaporation,  by  discnarging  the  steam  which  1 
time  to  time  remained  in  the  boiler,  after  all  the  water 
been  evaporated,  and  the  boiler  always  became  electri 
provided  the  pressure  of  the  steam  were  considerable, 
cessation  of  escape  from  the  valve  was  the  only  indica 
I  could  have  of  tne  perfect  drvness  of  the  boiler ;  and  if 
liance  may  be  placed  upon  this  criterioui  the  conglusi( 
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I  is  inevitable,  that  the  electricity  which  is  excited  in  the 
orating  vessel  on  the  emission  of  steam,  is  independent 
vicomitant  evaporation.  I  should  observe,  that  the  elec« 
y  which  appeared  in  the  boiler  after,  as  well  as  shortly 
re,  the  exhaustion  of  the  water,  was  uniformly  positive. 
tider  these  circumstances,  I  think  there  are  certainly 
nds  for  supposing  that  the  same  cause  which  excites 
riciUr  in  the  steam-cloud,  produces  also  the  contrary  elec* 
y  ofthe  boiler ;  but  if  this  be  so,  I  am  not  aware  that  there 
ly  known  principle  upon  which  the  effects  can  be  ex« 
ed,  especially  as  the  electricity  of  the  boiler  appears 

independent  ofthe  proxhnitv  of  the  jet 
ie  transmutation  which,  under  certain  conditions,  takes 
:  in  the  electrical  states  of  the  boiler  and  steam-cloud,  is 
rt  of  the  subject  embarrassed  with  difficultv.  What 
ble  change  can  the  steam  undergo  in  the  boiler,  either 
uitact  with  heated  metal,  or  otherwise,  which  can  cause 

evolve,  on  its  subsequent  condensation,  the  opposite 
ricity  to  that  which  it  usually  liberates? 
le  effects  of  pressure  appear  equally  inexplicable.  It  seems 
iceivable  to  me  that  steam  should  acquire  by  pressure  any 
srty  which  would  not  be  taken  away  by  expansion,  and  yet 
nd  that  the  influence  of  pressure  in  the  boiler,  upon  the 
ricity  of  the  jet,  is  not  aestroyed  by  suffering  the  steam 
late  before  it  is  ejected. 

ear  this  paper  has  extended  to  a  somewhat  tedious  length, 
[  shall  therefore  conclude  it  here  by  expressing  a  hope 
Hrhat  has  been  stated  may  have  the  effect  of  stimulating 
ry  into  the  curious  subjects  of  which  I  have  treated. 

Wm.  Geo.  Armstrong. 


On  the  supposed  Moraines  of  Ancient  Glaciers  in  Scotland. 
William  Kemp,  Esq,,  introduced  ly  a  Letter  from  J.  E. 
WMAN,  Esq.i  F.L.S. 

[Illustrated  by  Plate  III.] 
he  Editors  ofthe  Philosophical  Magazine  and  JouniaL 

Galashiels,  having  favoured  me  with  a 
lately  drawn  up  by  himself,  containing 
ler  existence  of  glaciers  in  Scotland,  I 
lat  they  should  be  generally  known,  be- 
some  of  my  ablest  geological  friends  are 
dence  (and  wisely  so)  before  they  adopt 
>1.  18.  No.  118.  May  184^1.       Z 
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the  theory  of  Prof.  Agassiz.    I  therefore  wrote  to  reauest  Mi 
Kemp  to  publish  this  paper,  and  illustrate  it  by  aiwrams 
In  his  reply  he  modestly  states  that  he  had  no  design  ot  doinj 
this,  <^  being,  as  you  will  at  once  perceive,  no  fit  person   fo 
preparing  papers  for  the  press ;"  but  he  grants  me  full  per 
mission  to  do  so,  if  I  think  it  worthy,  and  has  inclosed   tfa 
accompanying  diagrams,  respecting  which  he  sajrs,  ^'  Tfaes 
very  rude  and  hastv  sketches  of  those  gullied  tracts  called  th 
Meigle  Pots,  together  with  the  vale  abo^ 
correct,  being  copied  from  sketches  take 
that  of  the  vale  of  Galashiels  is  not  so  fc 
examined  it  in  detail ;  that  is,  the  mounc 
are  not  at  all  drawn  to  the  truth,  I  having 
to  take  a  plan,  nor  can  I  for  many  weeki 
Mr.  Kemp's  account  of  the  ^<  Meigle  ] 
esting  and  important ;  and  being,  as  far 
instance  as  yet  observed  in  Britain  of  thi 
cier  action,  it  appears  to  me  that  I  sho 
had  I  not  suggested  its  publication.     To  make  it  more  intel 
ligible,  I  have  given  in  a  note  an  extract  from  a  short  but  abl 
account  of  the  Creux  and  Lapiaz  of  Prof.  Agassiz,  by   tb 
talented  editor  of  the  <  Scotsman,'  Mr.  C.  Maclaren.     I  wij 
only  add,  that  some  of  the  extensive  mounds  of  gravel  describe 
in  the  paper  may  possibly  have  been  modified,  if  not  originally 
produced,  by  the  subsequent  action  of  torrents. 

J.  E.  BOWMAK. 

Manchester,  10th  Feb.,  1841. 

On  the  Moraines  of  Ancient  Glaciers^  4rc.    By  Wm.  Kemi 
Bead  to  the  Galashiels  Geological  Society^  Jan.  29M,  184*1. 

Gentlemen, 

Having  had  my  attention  turned  to  this  ir 

first  by  Mr.  Bowman's  opinion  that  the  terrj 

bourhood,  which  I  attributed  to  the  action 

fact  the  moraines  of  ancient  glaciers,  beside 

the  Athenaeum  and  other  periodicals  of  P 

covery  of  similar  evidences  in  different  parts 

I,  among  many  others,  hailed  the  announc 

pleasure,  as  conviction  at  once  flashed  upon 

discovery,  by  the  clear  description  given  of  those  ancient  mo 

raines,  would  at  once  apply  to  those  beautiful  combs  or  mound 

of  gravel  that  have  been  so  frec|uently  noticed  in  maii^  pan 

of  the  country,  of  which  no  satisfactory  account  had  hithert 

ever  been  given.    How  gratifying  to  the  ardent  followers  of  thi 

science,  is  the  discovery  of  that  great  man,  in  pointing  to^  an 
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giving  sach  a  clear  exposition  of,  these  hitherto  mysterious 
rmations  I 

Such  moraines  as  were  probably  formed  by  ancient  glaciers 
are  very  conspicuous  in  the  vale  of  the  Gala,  immediately 
around  the  town  of  Galashiels.  The  vale  there  will  be  at  one 
part  about  three  quarters  of  a  mile  broad,  by  upwards  of  three 
miles  long,  surrounded  by  hills  of  considerable  elevation,  ex- 
cept where  the  Gala  enters  the  vale  by  a  narrow  passage  at 
die  north-west,  and  again  where  it  opens  to  the  south-east, 
and  joins  the  more  spacious  vale  of  the  Tweed.  The  glaciers 
there  appear  at  one  time  to  have  extended  over  the  vale  to  a 
great  height,  as  lateral  mounds  of  debris  can  be  traced  about 
SOO  feet  above  the  level  of  the  water.  But  I  wish  to  confine 
my  observations  to  what  was  possibly  a  later  sera,  when  the 
glaciers  had  much  diminished,  and  were  perhaps  not  above 
150  feet  high;  for  it  is  then  that  they  seem  to  have  left  their 
most  legible  traces. 

Nearly  half  a  mile  below  Galashiels,  where  the  Gala  flows 
through  a  narrow  channel,  with  high  banks  on  each  side,  there 
is  a  very  conspicuous  moraine  about  140  feet  high  upon  the 
north-east  side,  and  about  600  feet  long,  extending  across  the 
lower  end  of  the  vale.  (See  No.  2.  B.*  PI.  III.)  Upcm  the  south- 
west side,  in  a  direct  line,  it  can  likewise  be  traced  for  a  con- 
siderable distance,  where  it  takes  a  curvilinear  bend  to  the 
west,  until  it  becomes  imperceptible  in  the  higher  ground. 
The  greater  part  of  that  moraine  is  composed  of  clay  and 
boulders,  many  of  which  are  quite  sharp  and  angular,  but  the 
greater  portion  are  rather  well-rounded ;  and  what,  perhaps, 
IS  worthy  of  notice,  the  top,  for  about  25  Feet  down,  is  com* 
posed  oi  unstratified  gravel  and  coarse  sand,  which  has  seem- 
inglv  been  caused  by  the  water  filtrating  through  the  mass 
while  it  was  being  thrown  up,  and  sweeping  away  the  finer 
comminuted  partides.  The  breach  through  which  the  water 
flows  is  about  500  feet  wide.  This  is,  pei^aps,  what  may  be 
called  a  terminal  moraine^  left  on  its  final  retreat  by  the  glacier 
of  the  Gala  valley. 

At  the  west  end  of  Galashiels,  rather  more  than  a  mile  up-> 
ward  firom  that  moraine,  the  remains  of  another  may  be  seen, 
standing  out  from  the  banks  on  each  side,  the  south  end  in 
particular  being  very  conspicuous.  (See  No.  2.  C  C.)  Like- 
wise, along  each  side  of  the  vale,  there  are  lateral  moraines 
from  50  to  70  feet  high,  in  some  places  very  distinctly  marked. 

A  mimber  of  these  interesting  formations  is  to  be  seen  near 

*  The  dotted  portione  indicate  the  moraines. 
Z2 
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Gala  house  (see  No.  2*  A.),  in  a  fine  sheltered  situaUon,  where 
the  vale  extends  to  the  south  for  a  considerable  distance^  at 
a  lateral  opening  between  the  hills.  • 

Nearly  parallel  with  the  Gala  there  is  a  lateral  moraine, 
which  divides  the  town  from  Gala  house  and  parks,  and  be* 
hind  that  there  is  a  series  of  beautifully  formed  mounds, 
ranging  nearly  parallel  one  with  another.  These  are  not  con- 
tinuous, although  some  parts  are  of  considerable  length :  one, 
called  the  long  knoll,  being  about  700  feet  long,  of  a  serpent- 
ine form,  averaging  S5  feet  high ;  others  are  like  small  hit- 
locks,  from  20  to  4*0  feet  high,  with  narrow  trough-like  val- 
leys between.  To  use  a  simile,  I  thought,  while  examining 
these  interesting  relics,  that  to  convey  me  clearest  conception 
of  that  place,  would  be  to  imagine  portions  of  the  rolling  waves 
of  a  troubled  sea  to  be  instanUy  arrested  in  their  course,  while 
the  intervening  parts  passed  onward  for  a  little  space,  and 
were  then  likewise  immovably  fixed. 

Such  seems  to  have  been  Uie  action  of  glaciers  in  the  vale 
of  Galashiels,  as  to  have  scooped  out  the  basin  in  some  places 
to  an  unknown  depth,  which  had  afterwards  been  filled  up  by 
impalpable  sedimentary  sand,  over  which  there  is  a  covering 
of  gravel  varying  from  four  to  six  feet  deep,  so  that  a  great 
part  of  the  town  may  literally  be  said  to  be  built  upon  a  quick* 
sand*. 

There  are  many  lateral  moraines  along  the  valley  of  the 
Tweed;  but  the  only  remarkable  terminal  ones  I  have  yet 
observed,  are  two,  one  at  Drybnrgh,  the  other  at  Holilee. 
The  first  is  upon  the  Dryburgh  side  of  the  river,  and  memo- 
rable enough  by  a  fine  Doric  temple  being  built  upon  its  sum- 
mit by  the  late  Earl  of  Buchan.  The  one  at  Holilee  (see 
No.  1.)  has  attracted  the  notice  of  many  a  passing  traveller, 
by  its  singular  uniformity  and  beauty ;  so  much  so,  that  the 
most  skilfiil  engineer  could  not  construct  a  finer  mound.  It 
crosses  the  lower  end  of  an  extensive  vale,  immediately  below 
which  the  hills  on  each  side  press  close  upon  the  river.  The 
northern  part  of  this  mound  is  about  forty  feet  high,  and  is 
composed  of  rolled  gravel.  The  road  to  Peebles  runs  through 
it.  It  has  swept  across  aitd  along  the  opposite  side  of  the 
vale  for  about  a  mile  long,  but  the  river  has  long  since  car- 
ried away  a  great  part  of  it.  A  few  years  ago  a  splendid 
portion  of  it  rose  out  of  the  vale  to  the  height  of  sixty  feet ; 
but  the  farmer,  unmindful  of  this  fine  geological  monument 
of  ancient  time,  after  long  cursing  it  for  a  barren  and  unpro- 

•  This  8and  below  the  gravel  is  probably  of  anterior  origin. — J.  E.  B. 
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ductive  track,  at  considerable  expense  caused  it  to  be  much 
reduced  in  height,  and  now  the  plough  (still  with  difficulty) 
passes  annually  over  it*.  ' 

I  have  likewise  observed  several  remains  of  moraines  along 
the  vale  of  the  Ettrick.  About  three  quarters  of  a  mile  above 
its  junction  with  the  Tweed,  at  the  south  end  of  the  fine  new 
bridge  upon  the  road  to  Selkirk,  the  approach  to  the  bridge 
is  cut  through  a  very  bold  one.  It  sweeps  round  the  lower 
end  of  the  rich  haugh  of  Lindean,  and  forward  to  the  side  of 
the  water,  where  it  turns  obliquely  to  the  stream.  About 
half  a  mile  further  up  the  river  at  Bridge-heugh,  there  is  an- 
other upon  the  same  side  of  a  still  bolder  character,  forming 
an  immense  bank  about  sixty  feet  high,  crossing  the  vale 
about  two-thirds  of  its  breadth,  which  is  there  about  half  a 
mile  broad,  it  having  evidently  once  crossed  it  to  the  opposite 
side,  as  a  part  in  a  direct  line  is  still  remaining.  Following 
up  the  water,  we  observe  vast  lateral  moraines  on  each  side. 
Upon  the  north  there  are  three  curvilinear  ranges  of  hillocks, 
some  20,  40,  and  50  feel  high ;  these  join  towards  the  west, 
in  a  cross  mound,  terminating  in  an  abrupt  precipitous  angu- 
lar ridge  at  the  side  of  the  water,  which  at  present  undermines 
its  broken  end.  This  is  fully  sixty  feet  hiffh,  and,  like  the 
one  at  Bridge-heu^h,  seems  to  have  crossed  the  vale,  by  the 
evidence  of  a  remaming  portion  boldly  projecting  out  of  the 
south  bank,  a  little  below  the  extensive  factory  of  the  Messrs. 
Browns.  Gentlemen,  these  are  a  few  of  the  leading  proofs 
bv  which  I  have  attempted  to  prove  the  former  existence  of 
glaciers  along  the  valleys  of  this  district.  You  are  all  more 
or  less  familiar  with  those  remarkable  mounds  I  have  pointed 
out;  and  if  you  turn  to  M.  Agassiz's  description  of  moraines, 
you  will  find  that  these  are  similar  in  every  respect 

As  a  further  proof,  I  have  observed  the  striated  and  grooved 
appearance  of  the  rocks  in  many  places  in  this  neighbourhood^ 
particularly  at  a  hill  nigh  Redhead,  by  the  vale  of  the  Caddon, 
and  even  in  our  own  town,  at  the  back  of  the  Buckholmside 
factory. 

At  a  land-strait  or  water-shed,  between  the  Gala  and  the 
Tweed,  about  two  miles  and  a  half  west  from  Galashiels,  on 
the  north  side,  upon  a  steep  spur  of  the  Meigle  Hill,  which 
here  rises  at  an  angle  of  near  thirty  degrees,  there  are  three 
lines  of  round  hollows  with  gutter-like  tracks  between.  (See 
No.  S.)     They  are  known  by  the  name  of  the  "  Meigle  Pots," 

*  This  seems  to  be  a  beautiful  example  of  a  terminal  moraine  united  to 
a  lateral  one,  very  similar  to  that  of  the  Viesch,  described  by  Aga^siz, 
and  represented  in  the  9th  Plate  of  his  Etudes  sur  les  Glaciers  de  la  Suisse. 
—J.  E.  B. 


Digitized 


by  Google 


M2      On  the  supposed  Moraines  of  Glaciers  in  Scotland. 

and  are  each  nearly  200  feet  long,  not  in  straight  lines,  b 
of  a  serpentine  form.     The  highest  (No.  S.  A.)  is  about  £( 
feet  above  the  vale,  running  nearly  horizontally  across  ti 
steep  spur  of  the  hill,  and  has  three  circular  hollows  in  i 
course,  two  about  fifteen  feet  deep,  and  the  third  about  thirt 
five,  the  tracks  between  being  from  10  to  12  feet  deep.    TI 
next  (No.  S.  B.)  commences  close  below  the  west  end  of  th 
horizontal  one,  bending  to  the  right  and  left  down  hill,  ai 
is  more  uniform  in  depth  than  eiwer  of  the  other  two. 
contains  two  deep  and  finely  rounded  < 
thirty,  the  other  forty  feet  deep.  The  thi 
near  die  middle  of  the  upper  one,  and  c 
a  slanting  direction  towards  the  east:  it 
appearance  of  the  three,  the  rock  being 
upon  the  higher  side,  and  terminaung  i 
a  circular  cavity  about  fifty  feet  deep, 
on  the  more  precipitous  or  eastern  sides 
c  represent  the  bare  rock  partially  coven 
tation ;  but  none  such  occur  on  the  side  o 
hill  with  the  ground  nearly  level  on  eacl 
fine  grassv  surface. 

The  sides  of  these  gullies  are  very  st 
covered  with  a  fine  grassy  surface.     Ii 
been  originally  much  deeper,  having  bee 
debris,  which  fi*om  time  to  time  has  fa 
above*.     By  what  means  can  we  cone 
have  been  scooped  out  of  the  rock,  exc 
water,  and  by  water  falling  from  a  consi 
rock  seems  favourable  for  being  worn  down  in  that  manni 
the  graywacke  strata  rising  near  to  the  perpendicular,  a 
the  beds  of  the  rock  being  thin,  intersected  with  numero 
cutters  (joints).    Yet  where  is  the  Water?     None  runs  the 
now,  nor  can  ever  have  run  there  in  the  present  state  of  d 
locality.     It  seems  to  me  likewise  that  these  hitherto  um 
countable  ravines  have  been  clearly  explained  by  M.  Agas 
in  his  description  of  the  Creux  and  Lapiazy  names  given 
similar  holes  and  guttered  tracks  which  he  had  observed  up 
the  flanks  of  the  Swiss  Alps,  and  which,  he  says,  have  be 
worn  out  by  water  pouring  through  fissures  in  the  glacn 
while  they  were  slowly  pressing  onwardf. 

*  The  Meigle  Hill  rises  about  450  feet  above  the  rude  pillar  represen 
in  the  sketch  No.  3.  This  pillar  stands  about  60  feet  above  the  upper  I 
of  hollows  marked  a,  and  is  built  on  the  lowest  terrace  I  can  trace  in  t 
quarter,  which  is  No.  10  of  the  series  described  in  Chambers's  Journ 
but  others  are  more  distinctly  marked  upwards  to  the  south-west. 
'    t  On  the  sides  of  the  Swiss  valleys^  round  holes^  such  as  cascades  mi 
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Gentlemen,  however  hastily  surveyed  and  imperfectly  de- 
scribed, this  is  still  another  proof  in  confirmation  of  the  glacier 
theorv  in  Scotland,  so  lately  promulgated  by  the  great  phi* 
losopher  of  Neufchatel,  to  whom  the  geological  world  is  so 
deeply  indebted,  by  revealing  so  bright  a  page  in  the  dark 
history  of  the  past.  W.  Kemp. 

LVII.    An  Examination  of  the  Phcenomena  qf  Conical  Re- 
fraction  in  Biaxal  Crystals.    By  R.  Potter,  Esq.^  B.A.* 

'T^IIE  verification  of  the  two  species  of  conical  refraction, 
^  which  were  discovered  by  Sir  William  Hamilton  to  be 
results  of  Fresnel's  analytical  expression  for  the  wave  surface 
in  biaxal  crystals,  forms  an  epoch  in  the  progress  of  the 
conversion  of  the  scientific  world  to  a  belief  of  the  undula- 
tory  theory  of  light.  Many  waverers  were  confirmed  in  their 
belief  by  so  singular  a  coincidence  of  theory  and  experiment ; 
and  Professor  Llovd,  who  made  the  experiments,  had  a  har- 
vest of  reputation  u'om  them,  such  as  is  seldom  reaped  in  the 
field  of  science. 

I  joined  with  the  scientific  world,  in  the  confidence  which 
it  gave  to  Professor  Lloyd's  investigations ;  and  although  I 
had  seen  the  undulatory  theory  fail  in  so  many  important 
cases,  yet  I  believed  that  the  true  law  of  refraction  in  biaxal 
crystals  had  been  discovered  by  Fresnel,  as  certainly  as  that 
of  uniaxal  crystals  has  been  by  Huyghens ;  but  in  both  cases 
from  wrong  premises.  It  was  from  a  desire  to  view  these  in- 
teresting phsenomena,  that  I  availed  myself  of  an  opportunity 

are  sometimes  found  in  the  rock,  but  in  places  remote  from  running  waters, 
and  where  the  form  of  the  surface  will  not  permit  us  to  suppose  that  any 
cascade  could  ever  have  existed.  In  other  cases,  a  long,  sinuous,  diy, 
water-worn  cutter  or  channel  is  observed,  the  course  of  which  runs  acms 
instead  of  along  the  natural  declivity  of  the  ground.  The  study  of  the 
glaciers  has  enabled  Agassiz  to  find  a  key  to  these  enigmatical  phsenomena, 
which  had  perplexed  previous  inquirers.  Streams  of  water  flow  along  the 
surface  of  a  glacier,  and  when  one  of  these  falls  into  a  fissure  which  is  open 
to  the  bottom,  if  it  forms  a  cascade,  it  cuts  a  round  cavity  in  the  rock  with 
the  gravel  and  sand  which  it  either  finds  there  or  carries  down  with  it,  as 
some  of  our  rivulets  work  out  the  hollows  termed  caldrons.  If  the  gla.* 
cier  is  travelling  downwards  the  cascade  will  travel  with  it,  and  convert 
the  round  cavity  into  a  long  gutter ;  or  supposing  the  water  to  reach  the 
bottom  without  falling  in  a  cascade,  still,  in  finding  an  issue  below  the  gla- 
cier, it  will  be  compelled  to  follow  the  sinuous  openings  left  by  inequalities 
in  the  bottom  of  the  ice,  and  thus  take  a  course  at  variance  with  the  natu- 
ral inclination  of  the  surface.  We  have  here  an  explanation  of  the  Creux 
or  holes,  and  the  long  water- worn  gutters  found  in  such  unlikely  situations, 
which  bear  the  locid  names  of  Lapiaz  or  Karren,  These  are  chiefly 
observed  where,  the  rock  is  sod,  and  are  seldom  vbible  on  the  granite. — 
ScoiMman, 
*  Ck>mmunicated  by  the  Author. 
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of  purchasing  some  crystals  of  arragonite,  in  order  to  have 
pieces  of  larger  dimensions  than  I  possessed  before,  and  which 
from  perusing  Professor  Lloyd's  paper,  in  the  seventeenth 
volume  of  the  Transactions  of  the  Royal  Irish  Academy*,  I 
conceived  to  be  necessary*     The  prepossession  I  had  con- 
ceived in  favour  of  Fresnel's  law,  as  expressed  in  the  equation 
to  the  wave  surface  in  such  crystals,  was,  however,  changed 
into  distrust,  when  I  was  enabled  to  obse 
I  employed  a  difiereut  mode  of  experime 
Lloyd,  on  commencing ;  and  possessed  m 
properties  of  an  eye-lens.     Such  a  lens 
what  takes  place  at  the  focus  of  the  eye 
optical  combination,  when  there  is  a  n 
there  is  a  virtual  image,  it  is  exhibited 
really  arisen  if  the  rays  of  light  in  fallir 
had  proceeded  in  a  similar  manner  from 
transition  from  a  virtual  to  a  real  image, 
sions  no  difficulty ;  for  both  arise  from  t 
of  rays,  as  it  falls  on  the  eye-lens ;  whicl 
concerned  in  the  representation  of  the 
vision. 

Professor  Lloyd  passed  a  pencil  of  s 
crystal,  and  received  the  transmitted  p( 
ground  glass,  in  most  of  his  experiment 
using  a  lens  whilst  seeking  for  the  con 
the  crystal  which  gives  a  cylindrical  n 
then  soon  gave  it  up  again  for  sun-light 
with  an  eye- lens,  or  else  for  micrometer  i 
pound  microscope ;  and  having  tried  s 
eluded  that  it  bears  in  accuracy  some 
former  method  as  a  camera-obscura  beai 
yields  a  less  perfect  result;  but  one  which, 
actly  the  same  as  that  from  the  other  metl 
you  can  only  examine  real  images ;  with 
amine  virtual  ones  also,  and  that  in  a  mc 

Arragonite  having  been  judiciously 
Lloyd,  on  account  of  the  considerable 
its  optic  axes  and  its  double  refractive  e 
account  of  the  refractive  indices,  in  the  p 
the  crystal,  having  been  determined  b} 
I  have  continued  to  use  it  solely.  I  ha^ 
the  mineral  cut  perpendicularly  to  the  ax 
is  parallel  to  the  line  bisecting  any  pair 
the  thickness  one-seventh,  one  half,  and 

*  [Prof.  Lloyd  also  described  these  phsenomena  in  L.  and  E.  Phil.  Mag., 
vol.  li.  pp.  1 12, 207.— Edit.] 
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I  one  of  one-seventh  of  an  inch  thickness  does  not  give  suf- 
int  separation  of  the  images  for  convenient  use,  and  the 
of  five-sixths  of  an  inch  had  its  inconveniences,  arising  from 
fact  of  crystals  of  arragonite  being  formed  of  twin  crystals ; 
it  is  seldom  that  any  component  crystal  is  large  enough 
How  a  ray  of  light  to  traverse  the  optic  axis  for  any  great 
ance  without  entering  the  twin  one.  This  was  only  in 
le  places  possible  with  the  specimen  referred  to,  so  that 
experiments  about  to  be  related  were  generally  made  with 
crystal  of  half  an  inch  thickness. 

rhe  experiment  with  sun-light  was  made  as  follows :  a  piece 
infoil  with  a  small  hole  in  it,  made  with  the  point  of  a  pin, 
ig  attached  to  one  surface  of  the  crystal,  and  the  whole 
a  attached  by  means  of  wax  to  a  moveable  adjusting  ap- 
atus  fixed  to  a  stand,  I  placed  the  crystal  in  the  sun-light 
ected  horizontally  through  a  window  by  a  mirror,  with  the 
oil  towards  the  incident  light,  so  that  the  pencil  entering 
small  hole  would  be  in  angular  diameter  S2'  nearly,  or 
sun's  apparent  diameter ;  then  placing  a  piece  of  tissue* 
ler  on  the  other  surface,  I  saw  generally  upon  it  two  round 
;ht  spots ;  but  when  the  crystal  was  moved  until  the  light 
ering  it  traversed  the  optic  axis,  or  rather  was  symmetric- 
^  redacted  with  regard  to  that  axis,  then  there  appeared 
I  round  bright  spot,  with  a  dark  ring,  and  then  a  broader 
;ht  ring  round  it:  now  drawing  tne  tissue-paper  away 
n  the  surface  gradually,  but  keeping  it  parallel  to  it,  the 
ker  ring  gradually  disappeared,  and  the  section  of  the 
icil  became  larger,  the  central  spot  becoming  more  and 
re  feint,  and  expanding  into  a  conical  pencil  which  blended 
b  the  other  conical  pencil  arising  from  the  bright  ring, 
ese  phenomena  show  that  within  the  crvstal  the  Tight  had 
n  refracted  in  the  form  of  a  small  solid  cone,  approxi- 
ting  to  a  cylinder,  whose  section  was  the  bright  spot  seen 
he  second  surface,  and  a  larger  hollow  cone  whose  section 
( the  bright  ring.  After  emergence  into  air  we  see  that 
bright  ring  expanded  into  a  hollow  cone ;  but  the  bright 
if  gradually  disappearing,  gave  rise  to  an  indefinite  number 
conical  surfaces  of  various  angles. 

rhese  and  other  properties  of  the  emergent  pencil  are 
cb  better  examined  by  means  of  the  eye-lens ;  and  first, 
cing  the  crystal  in  ordinary  day-light  coming  through  a 
ill  round  aperture  at  some  distance,  with  the  second  sur- 
5  in  the  focus  of  the  eye-lens,  we  perceive  the  same  ap- 
trances  as  were  seen  on  the  tissue-paper  at  the  second  sur- 
3  of  the  crystal.  Using  now  a  triangular  aperture,  the 
>  spots  appeared  triangular  images  of  the  aperture,  and  at 
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the  optic  axis  the  ring  and  spot  possessed  some  trace  of  this 
triangular  relation.  The  triangular  appearance  arose  from 
the  well-known  optical  property  of  a  small  hole»  which  gives 
on  a  screen  beyond  it  an  imperfect  image  of  a  bright  ooject 
in  front  of  it.  In  the  experiment  with  the  sun-light,  although 
the  central  spot  was  round,  yet  it  cannot  be  considered  an 
image  of  the  sun,  in  the  same  way  as  the  two  round  spots 
generally  seen. 

The  change  from  two  spots  to  a  ring  and  a  spot  was  sud- 
den, upon  the  direction  of  the  light  becoming  that  requisite  for 
refraction  symmetrical  to  the  optic  axis ;  and  in  experiments 
which  will  be  related  shortly,  when  a  minute  pencil  of  inci- 
dent light  was  transmitted  through  a  very  minute  aperture 
in  the  tinfoil,  it  required  very  nice  adjustment  to  obtain  the 
rin^  and  spot.  This  shows  that  if  a  converging  pencil  were 
incident  at  the  hole  on  the  first  surface,  with  its  axis  in  the 
direction  requisite  for  refraction  symmetrical  to  the  optic  axis 
of  the  crystal,  then  no  other  ray  but  that  in  the  axis  of  tne  pencil 
could  be  subject  to  the  singular  refraction  in  the  crystal :  but 
the  other  rays  of  the  incident  pencil  giving  each  two  rays  within 
the  crystal,  these  latter  would  be  arranged  around  the  optic 
axis,  as  the  incident  rays  were  around  the  axis  of  the  pendl, 
and  the  appearances  would  be  symmetrical ;  although  intro- 
ducing, in  proportion  to  the  magnitude  of  the  pencil,  con- 
fusion and  indistinctness  into  the  real  phsenomena  of  conical 
refraction.  Professor  Lloyd  says,  <^  The  first^mentioned 
species  of  conical  refraction,  it  has  been  observed,  takes  place 
in  air  J  when  a  ray  of  common  light  is  transmitted  within  the 
crystal  in  the  direction  of  the  line  joining  two  opposite  cusps 
of  the  wave.  If  we  suppose  such  a  ray  to  pass  in  both  di- 
rections out  of  the  crystal,  it  is  evident  that  it  must  emeif^e 
similarly  at  both  surfaces ;  consequently,  the  rays  which  are 
transmitted  along  this  line  within  the  crystal,  and  form  a  di- 
verging cone  at  emergence  at  the  second  surface^  roust  be 
incident  in  a  converging  cone  at  the  first  Having,  therefore^ 
nearly  ascertained  the  required  direction  by  means  of  the 
system  of  rings  in  polarized  light,  I  placed  a  lens  of  short 
focus  at  its  focal  distance  from  Sbe  first  surface,  and  in  such 
a  position  that  the  central  part  of  the  pencil  might  have  an 
incidence  nearly  corresponding  to  the  cusp-ray  within,"  &c. 
And  again,  he  says,  **  But  to  examine  the  emergeot  cone,  it 
was  necessary  to  exclude  the  light  which  passed  through  the 
crvstal  in  all  but  one  direction.  For  this  purpose  a  plate  of 
thm  metal,  havinff  a  minute  aperture^  was  placed  on  the  sur- 
face of  the  crystal  next  the  eye,  and  the  position  of  the  aper- 
ture so  adjusted,  that  the  line  connecting  it  with  the  luminous 
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point  on  the  first  surface  might  be,  as  nearly  as  possible,  in 
the  direction  of  the  cusp-ray.  The  exact  adjustment  to  this 
direction  was  made  by  subsequent  trial."  After  relating  some 
preliminary  experiments,  he  says  again,  *'  In  all  these  experi- 
ments the  emergent  rays  were  received  directly  by  the  eye 
placed  close  to  the  aperture  on  the  second  surface.  It  was 
obviously  desirable,  however,  to  receive  them  on  a  screen,  and 
thus  to  observe  the  section  of  the  cone  at  different  distances 
from  its  summit.  After  some  trials,  I  effected  this  with  the 
sun's  light,  the  light  of  a  lamp  being  too  weak  for  the  pur- 
pose. The  emergent  cone  being  roaoe  to  fall  on  a  screen  of 
roughened  glass,  I  was  enabled  to  observe  its  sections  at  va- 
rious distances,  and  therefore  with  all  the  advantages  of  en- 
largement. The  light  was  sufficiently  bright,  and  the  ap- 
pearance distinct,  i^en  the  diameter  of  the  section  was  be- 
tween one  and  two  inches." 

This  arrangement  appears  to  have  been  continued  through- 
out this  series  of  experiments;  for  after  discussing  his  results, 
he  savs,**  Inasmuch  as  the  cusp-ray,  withinj^the  crystal,  corre- 
sponds to  a  cone  of  ravs  without,  it  is  evident  that  there  must 
be  a  converging  cone  incident  on  the  first  surface,  equal  to 
that  which  diverges  from  the  second." 

We  see  in  the  preceding  discussions,  that  Professor  Lloyd, 
by  experimenting  with  the  view  of  verifying  theoretical  conse- 
<|uences,  has  fallen  into  two  errors;  the  one  an  error  of  assump* 
uon,  that  a  conical  incident  pencil  of  common  light  could  be 
refracted  as  one  ray  within  the  crystal ;  and  the  other  an  error 
of  omission,  in  not  discovering  that,  however  small  the  incident 
pencil  may  be,  the  refracted  Dght  consists  of  a  larger  cone  and 
a  smaller  one,  nearly  a  cylinder.  The  first  error  arose  from  ap- 
plying the  reasoning  of  geometrical  optics,  for  uncrystallized 
media  and  common  light,  to  the  case  of  a  double  refracting  me- 
dium and  polarized  light ;  for  Professor  Llovd  himself  had  dis- 
covered a  peculiar  state  of  polarization  in  the  emergent  pencil 
(he  says,  *<  Thus  it  appeared  that  all  the  rays  of  the  cone  are 
polarized  in  different  planes"),  and  to  have  given  the  least 
chance  of  success  the  incident  pencil  ought  to  have  been  in 
the  same  state. 

To  investigate  the  form  of  the  refracted  light  in  a  more 
severe  manner,  I  placed  an  aperture  made  in  a  plate  of  metal, 
with  a  small  pin,  about  one-fiftieth  of  an  inch  diameter,  at 
seven  inches  from  the  flame  of  a  lamp;  and  at  sixteen  inches 
on  the  other  side  of  the  aperture  I  placed  the  crystal  with 
tinfoil  attached  to  its  first  surface,  and  examining  the  light 
which  passed  through  a  minute  hole,  about  one-thousandth  of 
an  inch  in  diameter,  in  the  direction  for  refraction  symmetrical 
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to  the  optic  axis,  I  found  it  on  emergence  giving  the  rin^  and 
central  spot.  In  this  experiment  the  angle  o?  the  incident 
cone  was  rather  more  than  4'. 

In  this  experiment  the  light  was  reduced  to  a  small  pencil 
bv  apertures  in  thin  metal  plates,  but  I  have  seen  the  same 
phsenomena  when  the  incident  pencil  arose  from  a  luminous 
point  formed  by  a  lens  of  short  focus,  at  some  distance  fram 
the  crystal.  1  he  results  of  Professor  Lloyd's  method  of  eac- 
perimenting  were,  that  in  the  first  instance  he  found  the  angle 
of  the  emergent  cone  about  double  what  the  calculation  from 
theory  gave,  but  by  reducing  the  diameter  of  the  aperture  on 
the  second  surface  this  observed  angle  was  reduced  also; 
until  with  a  very  minute  aperture  an  approximation  to  the 
calculated  angle  was  obtained ;  and  a  hollow  cone  was  seen, 
as  required,  in  place  of  a  solid  cone,  which  appeared  in  the 
first  instance. 

It  appears,  that  in  order  to  obtain  any  tolerable  approxi- 
mation to  the  calculated  auantities,  an  aperture  was  required 
to  be  applied  to  the  second  surface,  so  as  to  cut  off  all  the  rin^ 
and  a  large  portion  of  the  central  spot  Such  experiments 
cannot  be  considered  as  investigations  of  the  refraction  of 
biaxal  crystals  in  the  neighbourhood  of  the  optic  axes.  The 
real  nature  of  this  refraction  will  be  seen  when  we  have  ex- 
amined Professor  Lloyd's  investigation  in  search  of  the  conical 
refraction  within  the  crystal  giving  a  cylinder  of  rays  in  air. 

He  says,  "  The  second  kind  of  conical  refraction^  whose  ex- 
istence has  been  anticipated  bv  Professor  Hamilton,  depends 
(it  will  be  remembered)  on  the  mathematical  fact,  that  the 
wave-surface  is  touched  in  an  infinite  number  of  points,  con- 
stituting a  small  circle  of  contact^  by  a  single  plane  parallel  to 
one  of  the  circular  sections  of  the  surface  of  elasticity.  It 
takes  place  when  a  single  external  ray  falls  upon  a  biaxal 
crystal  in  such  a  manner  that  one  refracted  ray  may  coincide 
with  an  optic  axis.  When  this  is  the  case,  there  will  be  a 
cone  of  rays  within  the  crystal,  determined  by  lines  connect- 
ing the  centre  of  the  wave  with  the  points  of  tne  periphery  of 
the  circle  of  contact.     The  angle  of  this  cone  is  equal  to 

,^^-i  ^/ a^-h\  ^^WTc^ 

and  its  numerical  value  in  the  case  of  arragonite  is  1^  55',  as- 
suming the  values  of  the  three  indices  as  determined  for  the 
ray  E  by  Professor  Rudberg   (see  Trans.  R.I.A.,  vol.  xvii. 
page  15L). 
<<As  the  rays  constituting  this  cone  will  be  refracted  at  emer- 
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ice  in  a  direction  parallel  to  the  incident  ray,  they  will 
m  a  small  cylinder  of  rays  in  air.  This  cylinder,  it  will 
seen,  is  in  all  cases  extremely  small ;  for  the  diameter  of  its 
tion  made  by  the  surface  of  emergence  subtends  an  angle 
1^  65'  only,  at  a  distance  equal  to  the  thickness  of  the  cry- 
I.  Hence  the  experiments  required  to  detect  its  existence 
1  measure  its  magnitude,  demand  more  care  and  precision 
u  those  already  described. 

'*  The  incident  light  was  that  of  a  lamp  placed  at  some  di- 
noe;  and  in  order  to  reduce  as  much  as  possible  the  breadth 
the  incident  beam,  it  was  constrained  to  pass  through  two 
nil  apertures,  the  first  of  which  was  in  a  screen  placed  near 
!  flame,  and  the  second  perforated  in  a  thin  metallic  plate 
oining  to  the  first  surface  of  the  crystal.  Under  ordinary 
cumstances,  it  is  obvious  the  incident  ray  will  be  divided 
o  two  within  the  crystal,  and  these  will  emerge  parallel 
m  the  second  surface.  I  was  able  to  distinguish  these  two 
's  by  the  aid  of  a  lens ;  and  turning  the  crvstal  slowly,  so 
to  vary  the  incidence  gradually,  I  at  length  observed  that 
ire  was  a  position  in  which  the  two  rays  changed  their  re- 
ive places  rapidly  on  any  slight  change  of  incidence,  and 
reared  at  times  to  revolve  round  one  another,  as  the  inci- 
ice  was  altered.  Being  convinced  that  the  ray  was  now 
ir  the  critical  incidence,  I  changed  the  position  of  the  cry- 
I,  with  respect  to  the  incident  ray,  very  slowly ;  and  after 
icb  care  in  the  adjustment,  I  at  last  saw  the  two  rays  spread 

0  a  continuous  circle,  whose  diameter  was  apparently  equal 
their  former  interval. 

^<  This  phaenomenon  was  exceedingly  striking.  It  looked  like 
imall  ring  of  gold  viewed  upon  a  dark  ground ;  and  the 
Iden  and  almost  magical  change  of  the  appearance  from 

>  luminous  points  to  a  perfect  luminous  ring,  contributed 
t  a  little  to  enhance  the  interest. 

'  The  emergent  light,  in  this  experiment,  being  too  faint  to 
reflected  from  a  screen,  I  repeated  the  experiment  with 

1  sun's  light,  and  received  the  emergent  cylinder  upon  a 
all  piece  of  silver  paper.  I  could  detect  no  sensible  dif- 
ence  in  the  magnitude  of  the  circular  sections  at  difiereut 
tances  from  the  crystal. 

'<  When  the  adjustment  was  perfect,  the  light  of  the  entire 
aulus  was  white,  and  of  equal  intensity  throughout.  But 
en  there  was  a  very  slight  deviation  from  the  exact  position, 

>  opposite  quadrants  of  the  circle  appeared  more  faint  than 
I  other  two,  and  the  two  pairs  were  of  complementary  co- 
irs. The  light  of  the  circle  was  polarized,  according  to 
i  law  which  I  had  before  observed  in  the  other  case  of 
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conical  refraction.    In  this  instance,  bowever,  the  law  was 

anticipated  from  theory  by  Professor  Hamilton." 

With  the  exception  of  the  last  sentence  but  one,  this  de* 

scription  gives  a  correct  and  clear  account  of  the  appearances^ 

but  under  a  condition  which  Professor  Lloyd  has  omitted  to 

notice.     The  luminous  rine  is  seen,  and  seen  perfectly  only, 

when  the  lens  is  so  placed  in  its  distance  from  the  crystal^ 

that  what  he  calls  the  two  rays,  are,  in  fact,  the  two  virtual 

images  of  the  luminous  point  on  the  first  surface.    The  posi* 

tion  of  these  virtual  images  within  the  crystal  is  found  by  the 

formulsB  of  geometrical  optics,  their  distance  from  the  second 

surface,  when  the  incidence  is  nearly  perpendicular,  being 

,        thickness  of  the  plate 

equal  to   jr — ■-. — r-—- • 

^  retractive  index 

When  the  eye-lens  has  any  other  distance  than  that  which 
gives  the  distinct  images  of  tne  aperture,  we  find  the  appear- 
ances changed,  and  that  the  bright  ring  is  not  the  section  of 
a  cylinder  of  equal  diameter  at  alfdistances  from  the  crystal,  as 
Professor  Lloyd  supposes  he  has  made  out,  by  means  of  sun- 
light That  he  should  have  overlooked  phsenomena  so  inter- 
esting, can  be  accounted  for  only  by  his  devotion  to  his  theory, 
which  has  thus  robbed  him  of  a  fine  discovery. 

Whether  we  draw  the  eye4ens  away  from  the  crystal^  orjmsk 
it  nearer  J  wejind  similar  appearances^  and  we  see  that  the  ring 
was  formed  ty  the  intersection  of  two  cones  {or  more  correct^ 
of  two  series  of  cones),  the  one  converging  so  as  to  have  the 
bright  spot,  we  formerly  found  on  the  second  surface,  for  its 
vertex,  and  the  other  diverging,  and  having  the  ring,formerfy 
found  on  the  second  surface,for  its  base.  I  say  more  correctly 
two  series  of  cones,  for  we  formerlyfound  that  the  bright  spot 
.only  gradually  became  fainter.  The  same  appearances  are 
seen  in  pushing  the  lens  nearer  the  crystal,  for  gradually  one 
portion  of  the  light  of  the  ring  increases  in  diameter,  whilst 
the  other  diminishes,  and  a  bright  centre  is  formed^  which 
comes  to  its  smallest  magnitude,  and  then  diver^  again  into 
a  solid  cone  of  rays,  having  a  bright  centre  which  gradually 
fades  away.  The  phsenomena  show  that  the  cones,  the  one 
virtual  as  being  beyond  the  second  surface  of  the  crystal, 
measured  from  the  eye,  and  the  other  real  as  being  formed 
in  the  emergent  light,  are  in  reali^  a  series  of  cones  having 
their  vertices  on  opposite  sides  of,  and  at  different  dbtanoes 
from,  the  ring.  W  hen  the  rays  of  either  series  of  cones  are 
collected  into  their  smallest  space  forming  the  briffht  spot^  this 
is  evidently  only  an  approximate  effect ;  and  when  tne  inci- 
dent pencil  is  very  small,  this  spot  b  seen  evidently  outside 
the  crystal,  rather  than  on  the  second  surfiice  for  one  series. 
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lese  results  are  certainly  not  in  accordance  with  the  tbeo- 
\\  Investigations  of  Sir  William  Hamilton,  whose  dis- 
ons  of  the  singular  refractions  near  the  optic  axes,  as  in- 
ed  by  Fresnel's  expression  for  the  wave-surface,  have 
referred  to  in  the  quotations  from  Professor  Lloyd's 
r. 

3ie  law  of  the  polarization  in  the  virtual  ring  and  one  of 
^nes,  as  far  as  he  investigated  it,  were  observed  by  Pro- 
r  Lloyd ;  but  if  my  view  of  the  mode  of  formation  of  the 
by  the  intersection  of  two  series  of  conical  surfaces  be 
set,  then  there  must  be  a  peculiarity  in  the  polarization 
Tto  unsuspected.    The  ring,  as  stated  by  Professor  Lloyd, 
flarized  in  every  part  in  a  different  plane ;  so  that  if  we 
;h  a  prism  of  calcareous  spar,  giving  light  polarized  in 
plane,  to  our  eye-lens,  we  see  that  one  small  portion  of 
ring  vanishes  in  every  position  of  the  prism,  and  that  as 
urn  the  prism  and  eye-lens  round  the  line  of  vision,  the 
:  part  in  the  ring  moves  through  the  double  of  the  angle 
:h  the  prism  does,  making  a  whole  revolution  whilst  die 
n  has  made  the  half  of  one.     Now  if  the  ring  be  the  in- 
iGticm  of  two  series  of  cones,  whilst  one  of  these  series 
verging  and  the  other* converging,  the  part  which  disap- 
8,  in  any  one  position  of  the  prism,  should  be  in  the  same 
3r,  measured  from  the  optic  axis  as  centre,  in  both  series ; 
after  one  has  ceased  to  converge,  the  bright  spot  then 
led  should  exhibit  no  polarization  whatever,  being  com- 
m1  of  light  polarized  in  all  planes ;  and  when  it  diverges 
n,  the  part  which  disappears  should  be  in  the  directly  op- 
te  sector  to  that  which  disappears  in  the  series  of  cones 
;:b  has  continued  to  diverge. 

"his  is  exactly  what  we  see;  but  where  the  two  series  of 
?s  are  diverging  together,  they  soon  overly,  and  as  they 
polarized  in  planes  at  right  angles  to  each  other  at  every 
It  where  they  overlap,  the  light  there  exhibits  no  signs  of 
trization  ;  so  that,  for  the  internal  series,  it  is  only  before 
Eis  begun  to  overlap  the  other,  that  the  polarization  is  evi- 
im  In  this  small  space  it  is  very  easy  to  overlook  it,  and 
slieve  I  should  not  have  discovered  the  law  unless  guided 
ny  theoretical  view,  as  to  the  formation  of  the  ring, 
t  was  before  stated  that  the  ring  appeared  at  the  position 
ihe  virtual  images  within  the  crystal :  now  as  the  images 
e  their  distances  from  the  surface  slightly  di£ferent,  de- 
ding^  as  we  have  seen,  on  their  respective  refractive  indices 
hat  point,  therefore  the  two  portions  of  the  ring  will  have 
erent  positions  of  greatest  distinctness;  and  this  is  easily 
Si  when  experimenting  in  a  dark  room,  with  a  bright  pencil 
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of  light  from  a  closed  lamp,  and  when  the  incident  pencil 
very  small ;  for  then,  when  we  desire  to  obtain  the  ring  wi 
maximum  distinctness,  we  can  see,  that  as  one  portion  of 
becomes  more  distinct  the  other  becomes  less  so,  on  varyii 
slowly  the  distance  of  the  eye-lens. 

A  popular  explanation  of  the  formation  of  the  ring,  at 
consequently  of  the  two  series  of  cones,  may  be  thus  givei 
any  physical  point  being  taken  in  the  small  hole  on  the  fir 
surface  of  the  crystal,  it  will  have  two  images  polarized 
planes  at  right  angles  to  each  other ;  these  are  two  points 
the  extremities  of  some  diameter  of  the  ring;  and  every  oth< 
point  having  similarly  two  images,  the  locus  of  all  these  imag 
forms  the  ring.  Speaking  more  correctly,  if  we  call  1 
and  £2  the  two  images  of  any  physical  point,  then  the  loci 
of  E|  forms  one  ring  and  the  locus  of  E^  the  other^  as  befoi 
described* 

The  conclusion  we  come  to,  from  the  preceding  discussion 
is  that  the  phssnomena  of  conical  refraction  were  not  adequate 
examined  by  Professor  Llovd.  It  may  be  that  Sir  Willia 
Hamilton  and  Professor  Lloyd  have  expected  results  fro 
their  experiments  for  which  Fresnel's  expression  for  the  wavi 
surface  in  biaxal  crystals  gives  no  warrant.  The  cylindric 
refraction  in  air,  being  merely  the  transition  from  a  series  1 
converging  cones  to  a  series  of  diverging  ones,  may  not  I 
separable  from  them  by  any  mode  of  experimenting.  M 
present  impression  is  that  no  such  cylindrical  refraction  ez 
ists,  but  it  is  a  point  for  future  careful  experimental  re-e? 
amination,  accompanied  by  an  attentive  comparison  with  tl 
properties  of  Fresnel's  expression.  The  angle  of  the  cor 
which  has  its  vertex  at  the  second  surface  of  the  crystal, 
find  to  be  about  3^  3(y,  or  something  less  than  this,  considei 
ing  a  point  outside  the  crystal  as  tne  vertex ;  for  a  series  ( 
careful  micrometrical  measures  with  a  compound  microscof: 
of  a  magnifying  power  of  twenty-six  times,  and  a  minute  ii 
cident  pencil  of  lamp  light,  gave  the  diameter  of  the  rir 
l-53*4th  of  an  inch,  and  by  finding  the  apparent  position  ( 
the  ring,  within  the  crystal,  we  have  the  angle  of  the  cone  f 
above.  Now  the  angle  from  Sir  William  Hamilton's  calci 
lations  should  be  about  3^  a  sufficiently  near  coincidence  t 
produce  an  impression  in  the  mind  in  favour  of  Fresnel's  ei 
pression. 

We  saw,  however,  that  one  image  of  the  sun,  on  the  » 
cond  surface,  in  the  first-mentioned  experiment  with  sun-ligh 
on  approaching  the  position  of  the  optic  axis,  expanded  int 
a  ring,  whilst  the  other  image  became  an  ill-defined  point  i 
its  centre :  it  is  seen  also  that  the  two  images  leave  the  opti 
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axis  in  the  same  relation  to  it  as  tliat  in  which  they  ap- 
proached it.  From  this  we  conclude,  that  the  space  round 
the  optic  axis  within  the  ring  is  traversed  by  only  one 
image,  and  therefore  that  there  is  only  one  sheet  of  the  liimi- 
niferous  surface  in  this  place :  the  form  of  the  two  series  of 
cones  also  favours  this  view.  This  indicates  what  may  not 
inaptly  be  termed  an  eyelet-hole  in  one  sheet,  and  a  conical 
point  in  the  other. 

To  determine  the  real  nature  of  the  refraction  about  the 
optic  axes  of  biaxal  crystals,  will  evidently  require  a  good 
deal  more  of  minute  examination. 

If  any  fellow-labourers  should  enter  on  the  subject,  I  should 
be  very  glad  to  see  their  results  in  print,  and  am  glad  to  be 
able  to  inform  them  that  Messrs.  Watkins  and  Hill  have  un- 
dertaken to  fit  up  for  sale  crystals  of  arragonite,  mounted  in 
a  mode  so  as  to  facilitate  the  examination  of  the  refraction 
near  the  optic  axes. 

Queen's  College,  Cambridge.  Feb.  13, 1841. 

LVIII.  On  the  Voltaic  Decomposition  of  Aqueous  and  Alcoholic 
Solutiotis.    By  Arthur  Connel,  Esq.,  F.R.S.Ed.,   Pro^- 
Jessor  of  Chemistry  in  the  United  College  of  St.  Salvator's 
and  St.  Leonaris^  St.  Andrevfs. 

[Continued  from  p.  1849,  and  concluded.] 

II.  Alcoholic  SoltUions. 
T  SHALL  content  myself  with  simply  referring  to  the  ax- 
•*■  periments,  by  which  I  have  shown  that  under  voltaic 
agency  water  entering  into  the  constitution  of  absolute  al- 
cohol is  resolved  into  its  elements,  hydrogen  being  given  off 
at  the  negative  pole,  and  oxygen  being  engaged  in  produ- 
cing secondary  eiFects  on  the  liydrocarbon  of  the  alcohol, 
and  to  those  demonstrating  the  extraordinary  effect  which  the 
solution  of  the  minutest  quantities  of  alkalies,  acids  and  saline 
bodies,  have  in  promoting  this  action  "i^. 

This  fact,  that  the  water  of  absolute  alcohol  suiTers  decom« 
position  under  galvanic  action,  furnishes  the  key  for  solving 
all  cases  of  the  voltaic  decomposition  of  alcoholic  solutions,  by 
assimilating  them  to  those  which  occur  in  aqueous  solutions. 
The  analogy  between  the  two  cases  is  complete,  with  the  dif- 
ference merely,  that  in  the  former  the  appearances  are  less 
marked,  from  the  smaller  quantity  of  water  present,  the  in- 
ferior conducting  power  of  the  solution,  and  the  slight  modi- 

•  Edinbui^h  Transactions,  vol.  xiii.;  Jameson's  Journal,  1835 ;  and  Lon- 
don, Edinbui^h  and  Oubl.  Phil.  Mae.,  Dec,  1841. 
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fications  of  secondary  action  due  to  the  presence  of  hyc 
carbon.  In  short,  as  respects  voltaic  agency,  an  alcoholic 
lution  may  be  regarded  as  an  aqueous  one,  in  which  a  fore 
substance  is  present  retarding  the  principal  action,  but  affc 
ing  an  additional  source  of  secondary  agency. 

Accordingly,  when  the  alcoholic  solution  of  an  ordin 
salt  is  act^  on,  the  acid  and  alkali  go  to  their  pro 
poles,  as  in  an  aqueous  solution,  but  much  more  slowly,  j 
the  hydrogen  of  the  water  of  the  alcohol  is  evolved  at 
n^ative  pole,  whilst  the  oxygen  enters  into  second 
combination.  When  the  base  is  of  easy  reduction,  metal 
duced  by  hydrogen  appears  at  the  negative ;  whatever  a 
stance  is  dissolved,  if  it  is  not  of  a  nature  to  afford  room  ft 
secondary  action  with  hydrogen,  that  element  is  given  ofl 
the  same  proportion  as  from  water,  due  regard  being  ha< 
some  circumstances  connected  with  the  conducting  powe 
the  solution  which  have  been  formerly  pointed  out*.  1 
fact  was  verified  for  alcoholic  solutions  of  alkalies,  ha 
salts,  and  oxyacid  salts. 

It  was  also  found,  by  experiments  similar  to  those  v 
aqueous  solutions  of  hydracids  and  haloid  salts,  that  w 
iodine  appears  at  the  positive  pole  in  alcoholic  solution 
hydriodic  acid  or  of  iodides,  it  is  due  to  secondary  act 
Absolute  alcohol  was  charged  with  dry  hydriodic  acid  gas, 
placed  in  A,  fig.  2,  (p.  248)  and  water  in  B  and  C,  A  Ix 
made  negative,  and  C  positive  by  seventy  pairs  of  four-i 
plates.  Effervescence  soon  arose  from  both  poles,  but  nodi 
loration  was  anywhere  observed,  nor  acid  in  B  or  C  until  a 
the  lapse  of  twenty  minutes,  when  a  slight  brown  discolora 
from  liberated  iodine  commenced  in  C  with  acid  react 
In  half  an  hour  the  battery  was  reversed,  when  the  hydrii 
solution  was  instantly  discoloured  without  elastic  fluid  f 
the  pole  in  that  solution,  and  with  effervescence  from 
other.  This  experiment  would  of  course  have  had  more  i 
logy  to  those  with  water,  if  B  and  C  had  contained  alcol 
but  the  feeble  conducting  power  of  that  liquid,  and  the 
of  interfering  with  the  reactions  if  any  substance  was  dissol 
in  it,  prevented  its  employment.  Tne  appearances  ar^,  h 
ever,  best  explained  on  the  view  that  the  water  of  the  alc< 
only  suffers  direct  decomposition. 

Analogous  experiments  led  to  the  same  view  in  regar 
iodides. 

The  appearances  with  a  positive  pole  of  zinc  led  to 
same  conclusion.  When  a  saturated  solution  of  dry  io 
of  potassium  in  absolute  alcohol  was  thus  acted  on  by 

*  Lond.  Edinb.  and  Dubl.  Phil.  Mag.,  Dec.  1841. 
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Fig.  8. 


B  of  two- inch  plates  in  tlie  bent  tube,  fig.  S,  oxide  of  zinc 
i  separated  at  both  poles  without 
appearance  of  iodine,  or  of  effer-^ 
ence  at  the  positive.  The  de- 
tion  of  oxide  at  that  pole  is  in 
brmity  with  the  view  of  the  direct 
>ii]po8ition  of  water, 
^ith  a  similar  solution  of  dry 
ride  of  lithium,  oxide  of  zinc  soon 
trated  at  the  negative  pole,  with  effervescence  from  that 
t,  but  none  from  the  positive ;  and  it  was  somewhat  uncer* 
whether  any  separation  of  oxide  took  place  at  the  positive : 
little  doubt  could  exist  that  the  oxide  originated,  as  in  the 
I  of  iodide  of  potassium,  by  the  action  of  oxygen  of  the 
er  of  the  alcohol  on  the  zinc,  and  was  subsequently  dis- 
ed  and  transferred  to  the  negative  pole, 
^he  principal  condition  of  the  deposition  of  oxide  of  zinc 
he  positive  pole,  whether  in  aqueous  or  alcoholic  solutions, 
ears  to  be  a  pret^  rapid  formation,  from  brisk  action ; 
the  less  powerful  the  acid,  and  the  less  its  quantity  drawn 
be  positive  side,  the  more  of  the  oxide  separate3  previous 
olution  and  transference. 

Vith  respect  to  pyroxylic  solutions,  I  have  made  few  ex- 
iments ;  because  if  the  general  rule  holds  eood  in  regard 
dcohol,  there  can  be  little  doubt  that  it  will  embrace  pyr- 
lie  spirit,  since,  as  I  formerly  showed,  the  decomposition  of 
water  is  much  more  readily  effected  than  that  of  alcohol, 
lund,  experimentally,  that  when  a  solution  of  dry  iodide  of 
assium  in  rectified  pyroxylic  spirit  was  placed  in  a  tube  A  *, 
1  water  in  a  tube  B,  the  two  being  connected  by  asbestus, 
1  A  made  negative,  and  B  positive  by  fifty  pairs  of  two- 
b  plates,  although  iodine  soon  appeared  in  the  neighbour- 
)d  of  the  positive  pole  in  B,  yet  it  was  accompanied  by  acid 
sing  into  the  water  of  B ;  and  after  forty  minutes'  action 
se  appearances  continued  the  same,  only  more  decided, 
1  without  any  appearance  of  iodine  elsewhere.  There  is 
le  doubt  that  the  nature  of  the  action  was  just  the  same  as 
u]ueous  and  alcoholic  solutions. 

In  the  whole  circumstances,  although  the  evidence  may  not 
of  quite  so  decided  a  character  in  some  of  the  cases  of  al- 
lolic  solutions  as  in  regard  to  those  in  water,  still  I  think 
sre  need  not  be  much  hesitation  in  laying  down  as  a  still 
»re  general  proposition  than  that  above  stated,  that  **  When 
utions  of  primary  combinations  of  elementary  substances, 
water  and  in  those  liquids,  such  as  alcohol  and  pyroxylic 
•Fig.  1.  (p.  243.) 
2  A2 
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irit,  which  contain  water  as  such  as  an  essential  constituen 
e  submitted  to  voltaic  agency,  the  dissolved  substance  is  n< 
rectly  decomposed  by  the  current,  but  only  the  water  of  tli 
Ivent" 

III.  ^M^^o/So/ti/zons.— Rectified  aether  gives  no  syin 
om  of  decomposition,  nor  of  conducting  power,  under  tfa 
fluence  of  powerful  currents,  such  as  that  from  200  paii 
'  four-inch  plates ;  and  although  TZT-TrTTir^  ^^  potash  has 
arked  influence  in  promoting  the  voltaic  decompostioa  < 
cohol,  the  largest  quantity  of  that  alkali  which  aether  is  ca 
ible  of  dissolving  lias  no  effect  in  affording  room  for  an 
ilvanic  agency.  Neither  do  any  of  the  ordinary  substance 
luble  in  aether,  such  as  corrosive  sublimate,  chloride  c 
atinum,  or  chromic  acid,  produce  any  such  effect.  Nor  is  a 
:yacid  salt,  such  as  nitrate  of  uranium,  when  held  in  solutio 
r  it,  resolved  into  its  constituents  under  galvanic  actioi 
he  conclusion  drawn  from  all  these  experiments  is,  that  aethe 
>es  not  like  alcohol  contain  water  as  a  constituent*. 
Up  to  this  point,  then,  aether  and  aethereal  solutions  resist  a 
Itaic  action.  I  have  since,  however,  found  that  when  recti 
id  aether  is  saturated  with  dry  muriatic  acid  gas,  and  the 
bmitted  to  moderate  galvanic  action,  hydrogen,  retainin 
me  aethereal  vapour  mixed  with  it,  is  liberated  at  the  n^a 
re  pole,  and  no  gas  from  the  positive,  but  the  liquid  ac 
lires  a  yellow  colour  from  dissolve^  chlorine. 
When  dry  hydriodic  acid  gas  was  conducted  into  aethe 
a  little  Wolfe's  apparatus,  the  liquid  immediately  separate 
to  two  layers,  a  lower  dense  and  deep  red,  and  an  uppe 
ghtly  coloured,  which  under  voltaic  agency  yielded  ga 
>m  the  negative  pole. 

In  regard  to  the  latter  of  these  experiments,  there  can  b 
>  doubt  that  in  saturating  the  aether  with  hydriodic  acid  ga 
composition  took  place!;  and  although  the  nature  of  thi 
composition  was  not  fully  investigated,  it  seems  probabL 
iX  the  lower  liquid  consisted  principally  of  iodized  hydriodic 
id,  resulting  from  the  combination  of  oxygen  derived  frou 
e  aether  with  hydrogen  of  a  portion  of  the  hvdriodic  acid 
which  view  water  of  course  would  be  formed,  and  become 
e  subject  of  the  subsequent  voltaic  action.  During  die  sa 
ration  of  aether  with  muriatic  acid,  no  signs  of  decomposi 
»n  were  visible ;  but  still  it  is  not  impossible  that  some  inter 
1  changes  may  have  taken  place,  and  water  resulted  fron 
e  action  united  to  muriatic  acid.  Unless  such  a  view  b 
opted,  I  should  be  inclined  to  hold  that  there  really  wa 

*  Edinburgh  Transactions,  vol.  xiii.  p.  331. 
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ect  decomposition  of  the  muriatic  acid  by  the  voltaic  cur- 
it  ;  for  when  I  recollect  that  pure  tether  resisted  very  power- 
voltaic  currents,  and  that  even  potash,  which  has  so  won- 
rful  an  effect  in  promoting  the  galvanic  decomposition  of 
i  water  in  absolute  alcohol,  did  not  make  SBther  more  sus- 
ptible  of  electric  agency,  I  cannot  allow  myself  to  suppose 
it  the  decomposition  in  the  case  of  an  sthereal  solution  of 
hydracid  is  that  of  water  entering  into  the  constitution 
aether,  but  adhere  to  the  original  view,  that  aether  con- 
ns no  water,  and  that  alcohol  consists  of  sether  and  of 
kler. 

IV.  On  the  slate  in  which  the  Haloid  Salts  are  dissolved  by 
ater  and  Alcohol. — The  question  whether  haloid  salts  are 
(solved  bv  water  as  such,  or  decompose  it  and  assume  the 
tte  of  hydracid  salts,  is  one  on  which  chemists  are  still  di- 
led.  The  action  of  voltaic  electricity  on  such  solutions 
pears  to  me  to  decide  the  matter :  during  such  action  it  is 
^uently  difficult,  particularly  in  the  case  of  iodides,  to  ob- 
rve  any  acid  reaction  at  the  positive  pole,  when  both  poles 
e  plunged  directly  into  the  solution,  on  account  of  the  re- 
icing  action  of  oxygen  on  the  acid  formed ;  and  even  in 
ose  cases  in  which  acid  is  observed,  that  circumstance  will 
(t  of  itself  prove  the  haloid  to  be  dissolved  as  a  hydracid 
It,  because  it  might  be  held  that  acid  is  formed  by  secondary 
tion  at  the  negative  pole,  from  whence  it  is  drawn  to  the 
fiitive.  In  this  way  only,  on  the  hypothesis  of  solution  as 
baloid,  and  direct  voltaic  decomposition  of  water  alone,  can 
e  separation  of  reduced  metal  at  the  negative  pole  be  ac- 
unted  for.  A  doubt  might  also  exist  whether  the  acid  re- 
tion  at  the  pole  might  not  arise  from  an  oxyacid  formed  by 
condary  action  at  the  positive.  All  such  objections  are, 
»wever,  obviated  by  placing  the  poles  beyond  the  solution, 
as  to  get  quit  of  secondarv  actions;  and  if  in  such  circum- 
mces  we  can  show  that  the  acid  and  the  base  go  to  their 
oper  poles,  and  that  this  acid  is  a  hydracid,  we  have,  I  con- 
ive,  sufficient  evidence  that  the  salt  has  been  dissolved  as  a 
rdracid  salt ;  for  even  laying  aside  for  a  moment  the  experi- 
ents  by  which  I  have  endeavoured  to  show  that  the  haloids, 
existing  as  such  in  water,  are  not  directly  decomposed, 
t  us  take  the  different  views  of  the  nature  of  the  galvanic 
tion  which  suggest  themselves  when  both  poles  are  plunged 
to  the  solution  in  the  ordinary  manner,  and  consider  them 
I  the  supposition  that  haloids  are  dissolved  as  such.  First, 
t  us  suppose  that  one  or  other  of  the  two  substances,  water 
'  haloid,  it  matters  not  which,  is  decomposed,  it  is  evident 
lat  we  cannot  account  for  the  production  of  acid  where 
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secondary  action  is  excluded*  Next  let  us  suppose  that  botl 
substances  are  decomposed,  and  that  either  the  element 
going  to  the  same  pole  unite  on  their  journey,  or  by  an  in 
terchanse  of  elements  the  oxygen  of  water  unites  with  th< 
metal  of  the  haloid,  and  the  hydrogen  of  water  with  the  electro 
negative  constituent  of  the  haloid.  The  former  of  these  al 
ternations  is  contradicted  by  the  fact,  that  the  acid  formed  i 
a  hydracid;  and  the  latter,  although  it  might  account  for  th( 
formation  of  acid  and  alkali,  would  not  account  for  the  li 
beration  of  the  electro-negative  constituent  of  the  haloid  a 
the  positive  pole,  and  of  hydrogen  in  fixed  and  definite  pro 
portion  at  the  negative,  whatever  be  the  strength  of  the  so 
lution.  It  appears  to  me  then  sufiicient,  in  order  to  prove  thi 
aqueous  solution  of  a  haloid  as  a  hydracid  salt,  to  show  th 
separation  of  the  hydracid  by  voltaic  action,  under  circum 
stances  which  exclude  secondary  action. 

To  exhibit  this  result  the  solution  was  placed  in  the  tube  E 
fig.  2,  (p.  248)  and  distilled  water  in  A  and  C,  A  being  madi 
n^ative  and  B  positive.  When  solutions  of  the  chlorides  c 
potassium  and  of  calcium,  and  of  the  iodide  of  potassium  wer 
treated  in  this  way  by  fifty  pairs  of  two-inch  plates,  acid  and  al 
kali  were  speedily  detected  at  their  proper  poles  in  C  and  A 
and  on  the  corresponding  sides  of  the  vessel  B,  and  continue 
to  increase  whilst  the  action  lasted.  The  acid  collected  in  < 
was  found  in  the  case  of  the  chlorides  to  be  the  muriatic 
In  the  case  of  the  iodide  the  nature  of  the  acid  was  somewha 
ambiguous  with  the  above  power,  but  when  seventy  pairs  o 
four-mch  plates  were  employed  it  was  decidedly  the  iodic 
There  appeared,  however,  little  doubt  that  this  latter  aci< 
had  originated  in  an  oxidating  action  at  the  positive  pole  oi 
reduced  hydriodic  acid;  and  this  view  was  confirmed  by  con 
necting  the  tube  B,  containing  a  solution  of  iodide  of  potas 
slum,  with  two  other  vessels,  C  and  D,  containing  distillec 
water  on  the  positive  sides,  as  in  fig.  4,  and  acting  with  tevent 
pairs  of  four-inch  plates : — 

Fig.  4. 


when  the  acid  produced  in  C  was  found  to  be  the  hydri 
odic,  and  that  in  D  the  iodic;  in  other  words,  the  acid  separate 
from  B  was  the  hydriodii^   but  on  passing  to  the  poles  it  wa 
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reduced,  and  the  iodine  oxidated ;  thus  both  in  the  case  of 
chlorides  and  of  iodides,  the  acid  separated  proved  to  be  the 
hydracid. 

It  must,  however,  always  be  remembered,  that  although 
such  production  can  be  readily  shown  in  many  cases  of  ha^ 
loids,  it  does  not  necessarily  follow  that  this  would  hold  in  all 
cases.  We  are  of  course  best  prepared  to  expect  it  in  the 
case  of  haloids,  of  which  the  constituents  have  the  strongest 
affinity  for  oxygen  and  hydrogen,  such  as  the  ordinary  na-* 
loids  of  the  bases  of  the  alkalies  and  alkaline  earths;  and  ac- 
cordingly, I  showed  that  it  applied  to  chlorides  and  iodides  of 
potassium  and  calcium.  But  further,  it  was  found  to  hold 
good  in  regard  to  the  ordinary  haloids  of  the  common  metals, 
such  as  zinc.  I  was  prepared,  however,  to  consider  it  as 
doubtful  what  might  be  the  result  in  regard  to  the  noble 
metals.  Accordingly,  when  a  moderately  strong  solution  of 
chloride  of  gold  was  placed  in  the  tube  B  *,  and  connected 
by  asbestus  with  the  tubes  A  and  C,  which  were  filled  with 
distilled  water,  A  being  made  negative,  and  C  positive  by  a 
power  of  fifty  pairs  of  two-inch  plates,  no  decid^  indications 
of  the  formation  of  acid  were  obtained  durine  an  hour's  action ; 
for  although  towards  the  end  there  was  a  slight  acid  reaction 
at  the  positive  pole,  it  was  not  greater  than  distilled  water  itself 
might  have  yielded,  and  there  was  a  trace  of  alkali  at  the  ne- 
gative. Before,  however,  deciding  that  chloride  of  gold  in 
solution  does  not  yield  to  voltaic  action,  it  would  be  neces* 
sary  to  repeat  the  experiment  with  a  more  powerful  current, 
because  it  may  possibly  only  be  a  case  of  more  difficult  elec- 
tric resolution.  In  such  cases  also  atomic  constitution  may 
have  a  considerable,  if  not  the  principal  influence,  on  the  re- 
sult. 

Whenever  we  have  obtained  a  decided  instance  of  the  for- 
mation of  acid  in  the  above  circumstances,  we  may  conclude, 
with  every  probability,  that  all  haloids,  of  the  same  nature  and 
atomic  constitution,  of  metals,  of  equal  or  more  powerful  affi- 
nities, are  in  the  same  situation.  Thus  having  verified  the 
rule  for  chloride  of  zinc,  we  may  conclude  that  all  proto- 
chlorides  of  more  electro-positive  metals,  such  as  maneanese, 
cerium.,  magnesium,  barium,  potassium,  &c.,  are  dissolved  as 
muriates.  On  the  other  hand,  for  the  whole  series  of  metals 
of  less  powerful  affinities,  as  well  as  for  all  haloids  of  more 
complex  atomic  constitution,  the  matter  will  still  require  to 
be  investigated,  and  I  purpose  making  some  further  re- 
searches on  the  subject. 

♦Fig. 2.  (p. 243.) 
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In  regard  to  saKammoniac,  I  found  that  it  was  resolve 
into  acid  and  alkali  in  the  above  circumstances,  a  resu 
showing  that  in  solution  at  least  it  is  simple  muriate  of  an 
monia^and  cannot  justly  be  regarded  as  chloride  of  ammoniur 
The  same  reasoning  above  applied  to  the  results  with  con 
mon  haloids,  can  be  readily  extended  to  the  hypothetic 
chloride  of  ammonium  ;  and  to  complete  the  evidence  on  th 
point,  I  found  that  a  solution  of  muriate  of  ammonia  yieldc 
the  definite  quantity  of  hydrogen  from  the  negative  pole. 

The  experiments  with  a  positive  zinc  pole  lead  to  the  san 
result,  at  least  when  taken  in  conjunction  with  those  showin 
that  the  haloids,  if  viewed  as  existing  as  such  in  solution,  ai 
not  directly  decomposed.  The  oxide  of  zinc  which  is  di 
solved  ancf  transferred,  must  have  been  taken  up  by  aci 
which  had  been  previously  drawn  to  the  positive  side. 

The  analogy  of  the  action  with  a  positive  zinc  pole  in  a 
coholic  solutions  of  haloid  salts,  as  formerly  described,  Iea< 
by  similar  reasoning  to  the  view,  that  in  moderately  strong  s^ 
lutions  of  that  description  also,  such  as  that  of  chloride  of  1 
thium,  iodide  of  potassium,  and  moderately  saturated  alo 
holic  solutions  of  chloride  of  calcium,  the  haloid  decompose 
the  water  of  the  alcohol,  and  exists  in  solution  as  an  oxysal 
Many  phaenomena  of  the  voltaic  action  on  such  solutions  wi 
thus  receive  a  more  ready  explanation  than  on  the  idea 
these  salts  being  dissolved  as  haloids ;  such  as  the  appearand 
of  alkalies  and  earths  at  the  negative  pole,  which  will  thus  r 
suit  directly  from  the  decomposition  of  a  hydracid,  instead 
supposing  the  secondary  action  of  the  hydrogen  and  reactic 
of  the  metal  on  water. 

We  cannot  easily  get  the  same  evidence  on  this  subject  I 
the  method  applied  to  aqueous  solutions,  of  placing  the  pol 
in  water  beyond  the  solution,  because,  from  the  inferior  coi 
ducting  power  of  the  alcoholic  solution,  less  acid  will  be  s 
parated  if  it  truly  exist  in  the  liquid,  and  we  cannot  distil 

Siish  whether  it  may  not  come  from  the  point  of  junction 
e  alcoholic  solution  with  the  water  in  which  the  poles  a 
placed. 

If  alcohol  dissolves  haloid  salts  as  hydracid  salts,  there  a 
be  little  doubt  that  pyroxylic  spirit  does  the  same  :  I  inclii 
to  think  that  the  greater  solvent  powers  of  the  latter  fluid  thi 
the  former  in  regard  to  some  substances,  such  as  bai*}'tes,  a 
due  to  its  greater  absolute  quantity  of  water,  although  n 
greater  atomic  proportion. 

V.  On  the  Conducting  Powers  of  Solutions. — Without  goii 
the  length  of  holding  that  the  additional  conducting  powe 
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(towed  on  water  by  dissolved  substances  is  exactly  propor- 
nal  to  the  degree  of  chemical  change  under  voltaic  action  re- 
ting  from  the  dissolved  body,  there  seems  in  every  instance 
which  increased  conducting  power  is  bestowed  some  chemical 
EiDge,  or  at  least  voltaic  transference,  attending  the  increase 
conduction.  This  chemical  change  may  result  either  from 
i  direct  action  of  the  current  or  from  secondary  agencies ; 
d  both  circumstances  lend  their  aid,  where  they  occur,  in 
gmenting  conducting  power. 

In  the  case  of  salts  the  voltaic  separation  of  acid  and  alkali 
once  explains  the  result,  and  in  many  of  such  cases  we  have 
additional  effect  from  secondary  action  at  one  or  both 
les. 

Acids  alone  in  solution,  as  is  now  generally  known,  and  as 
lave  myself  verified  experimentally  for  sulphuric  acid  and 
e  hydracids,  undergo  transference  to  their  proper  pole, 
lich  circumstance  appears  to  be  the  principal  cause  of  their 
omoting  conduction.  In  some  instances  secondary  action 
the  poles  also  contributes  to  the  result. 
To  ascertain  whether  alkalies  have  a  similar  action  by  suf- 
ring  transference,  a  moderately  strong  solution  of  caustic 
tash  was  placed  in  a  tube  B  ^,  connected  by  asbestus  mois^t- 
ed  with  distilled  water,  with  two  tubes,  A  and  C,  containing 
e  latter  fluid,  A  being  made  negative,  and  C  positive  by 
yeniy-two  pairs  of  four-inch  plates.  The  whole  tubes 
ire  covered  with  a  close  glass  covering,  a  piece  of  turmeric 
per  having  been  introduced  into  the  liquids  A  and  C  be- 
een  the  asbestus  and  the  poles.  In  a  few  minutes  alkali  was 
dicated  at  the  negative  pole,  and  went  on  increasing  during 
;lf  an  hour,  whilst  the  test  paper  in  C  was  not  discoloured, 
owing  that  the  effect  in  A  was  not  owing  to  capillary  action, 
he  experiment  was  then  stopped,  when  the  water  in  A,  al- 
ough  not  alkaline  to  test  paper  throughout,  became  de- 
ledly  so  by  concentration,  whilst  that  in  C  showed  no  alkali 
en  after  concentration. 

In  the  experiments  also  already  detailed,  in  which  acid  and 
kali  were  separately  drawn  to  the  poles  in  distilled  water 
[>m  saline  solutions,  the  alkali  usually  reached  the  pole  as 
on  as  the  acid. 

There  can  thus  be  no  doubt,  that  by  voltaic  action,  the  alkali 
an  aqueous  solution  is  transferred  to  the  negative  pole. 
Water  coloured  by  bromine  gives  sensibly  more  efierves- 
nce  under  galvanic  action,  showing  a  superior  conducting 
»wer  of  the  solution. 
The  manner  in  which  such  simple  substances  increase  the 

*  Fig.  2.  (p.  243.) 


Digitized 


by  Google 


362  Prof.  Connel  on  the  Voltaic  Decomposition  of  Solutions 

conducting  power  of  water  requires  a  little  investigati 
Chlorine,  bromine,  and  iodine  are  generally  admitted  to 
non-conductors  themselves;  and  even  if  a  little  doubt  n 
exist  as  to  iodine  in  a  state  of  fusion,  it  is  scarcely  possible  tl 
the  minute  quantity  in  an  aqueous  solution  can  operate 
that  way. 

To  ascertain  whether  such  substances  were  capable 
transference  in  solution,  an  aqueous  solution  of  bromine,  w 
a  little  undissolved  bromine  at  the  bottom,  to  maintain  a  st 
of  saturation,  was  placed  in  the  tube  B,  the  arrangement  bei 
in  all  other  respects  the  same  as  in  the  last-described  expf 
ment  with  a  solution  of  potash  ;  and  after  an  hour's  action 
seventy-two  pairs  of  four-inch  plates  no  discoloration  fn 
transference  of  bromine  could  be  observed  in  the  water  eiti 
of  A  or  of  C ;  and  the  latter  had  only  a  scarcely  perceptil 
smell  of  bromine,  which  I  believe  was  due  to  the  secondi 
decomposition  of  a  trace  of  hydrobromic  acid  drawn  into 
as  both  the  liquids  B  and  C  showed  some  degree  of  acid 
action. 

An  aqueous  solution  of  iodine  was  then  substituted  in 
for  that  of  bromine,  a  little  iodine  being  also  left  at  the  botto 
and  all  other  circumstances  the  same,  and  the  battery  i 
charged.  After  an  hour's  action  there  was  no  appearar 
of  iodine  either  in  A  or  C. 

From  these  experiments,  it  is  obvious  that  neither  of  the 
substances  are  transferred  in  solution  by  voltaic  agency.  \ 
must  therefore  look  for  some  other  explanation  of  the  i 
creased  conducting  power,  and  that  which  readily  occurs  u 
secondary  action  at  the  negative  pole,  by  the  union  of  hydi 
gen  with  the  dissolved  substance.  To  determine  the  accura 
of  this  view,  the  current  from  fifty  pairs  of  two-inch  plates  m 
passed  at  the  same  time  through  a  solution  of  bromine  a 
diluted  sulphuric  acid,  and  the  hydrogen  evolved  firom  t 
two  negative  poles  collected,  when  after  half  an  hour  thirte 
cubic  inches  were  collected  from  the  sulphuric  solution,  a 
only  a  bubble,  the  size  of  a  pea,  from  the  bromine  solutio 
the  difference  had  evidently  combined  with  bromine. 

When  an  aqueous  solution  of  iodine,  which  had  previoui 
been  purified  by  sublimation,  solution  in  alcohol  and  preci] 
tation  by  water,  was  substituted  for  that  of  bromine,  the  f 
tion  was  much  more  feeble.  In  a  Quarter  of  an  hour  oi 
a  small  bubble  of  gas  was  collected  irom  each  negative  po 
and  in  two  hours  and  a  quarter  *1  cubic  inch  from  the  si 
phuric  solution,  and  '07V  from  the  iodic. 

It  is  thus  evident,  that  both  in  the  case  of  bromine  ai 
iodine  the  action  is  increased  by  the  combination  of  the  d: 
solved  substance  with  hydrogen  of  the  decomposed  water,  b 
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that,  as  is  to  be  expected)  thb  circumstance  occurs  to  a  much 
larger  extent  in  the  case  of  bromine  than  of  iodine*. 

On  connecting  the  rules  regulating  the  voltaic  decomposi- 
tion of  solutions  and  the  transference  of  substances  held  dis- 
solved, we  observe  that  no  substance,  when  in  a  state  of  trans- 
ference, suffers  direct  voltaic  decomposition.  Acids  and  al- 
kalies suffer  transference,  but  not  direct  decomposition.  On 
the  other  hand,  salts,  whether  oxyacid  or  hydracid,  are  not 
transferred,  but  are  resolved  into  their  constituent  acid  and 
alkali. 

We  cannot,  however,  say  that  every  substance  which  is 
not  transferred  is  directly  decomposed.  Thus  we  can  hardly 
doubt  that  such  compounds  as  bromide  of  iodine  do  not  suffer 
voltaic  transference,  seeing  that  their  constituent  elements  are 
not  transferred ;  and  we  have  further  seen  that  this  combina- 
tion is  not  directly  decomposed  in  solution.  Probably  also 
some  cases  of  chlorides  exist,  in  which,  from  peculiarity  of 
atomic  constitution,  or  other  circumstances,  there  is  neither 
transference  nor  direct  decomposition. 


Erratum  in  the  former  part  of  this  paper  in  No.  117:  page  247 f  line 
44»  for  noD- negative  read  now  negative. 

LIX.    On  the  Natural  Arrangement  of  the  Consonantal 
Sounds.    By  H.  Wedgwood,  Esq. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 
QEEIN6  from  vour  last  (February)  Number,  p.  124,  that  you 
^  do  not  consider  speculation  on  such  a  subject  foreign  to 
the  plan  of  your  publication,  I  am  induced  to  send  you  a 
scheme  of  all  the  simple  consonantal  sounds,  exhibiting,  in  a 
tabular  form,  a  complete  synopsis  of  their  relations  with  each 
other. 

The  first  point  to  be  settled  is  the  list  of  the  sounds  that 
are  to  be  the  subject  of  arrangement,  which  are  far  from  co- 
inciding with  those  represented  by  the  consonants  of  the 
English  alphabet.  In  our  mode  of  writing  many  simple  con- 
sonantal sounds  are  represented  by  a  comoination  of  letters, 
and  conversely,  some  of  our  simple  consonants  are  used  to 
represent  compound  sounds,  while  others  are  used  on  differ- 
ent occasions  as  the  representatives  of  more  than  one  simple 
or  compound  sound. 

*  Long  after  these  experiments  were  made  and  conclusions  drawn«  I 
observed  that  M.  Becquerel  had  also  found  that  bromine  and  iodine  in 
solution  unite  with  byorogen  under  voltaic  action.— /w^W,  Jmn,  1840. 
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The  letter  C  has  in  some  situations  the  pronunciation  of 
in  others  of  S,  and  may  therefore  be  considered  superfluoui 
a  system  of  which  the  object  is  the  arrangement  of  soutuls  ale 
The  same  may  be  said  of  Q,  which  is  only  used  in  combi 
tion  with  U,  to  represent  the  sound  K  W  ;  and  of  X,  wh 
is  pronounced  GS,  or  KS. 

The  sound  of  S  in  leisure^  pleasure^  or  of  Z  in  azure,  i 
simple  articulation,  identical  with  the  French  pronuncial 
of  the  letter  J,  but  having  no  exact  representative  in  the  1 
glish  alphabet,  in  which  the  sound  of  J  or  6  soft  is  a  a 
bination  of  the  last-mentioned  sound  with  a  D  immedial 
preceding. 

The  simple  sounds  expressed  by  double  letters  are  th 
of  SH ;  TH  in  thirif  and  TH  in  thettf  and  NG  in  Mng,  hat 

In  addition  to  the  foregoing,  the  guttural  articulati 
GH,  CH,  which  we  do  not  possess  in  English,  are  also  sim 
sounds.  Of  these,  the  former  is  very  common  in  Dutch 
which  it  is  the  pronunciation  both  of  G  and  CH)  i 
Gaelic ;  the  latter  in  German  and  Lowland  Scotch. 

The  following,  then,  will  be  found  to  be  a  complete  lis 
the  simple  consonantal  sounds  arranged  according  to  the 
gan  employed  in  their  pronunciation. 

Gutturals :  K,  G,  NG,  CH,  GH,  H,  pronounced  b; 
constriction  of  the  upper  part  of  the  throat  and  base  of 
tongue. 

Labials :  P,  B,  M,  F,  V,  W,  pronounced  by  the  motioi 
the  lips. 

Dentals:  T,  D,  N,  TH  (in  thick),  TH(in  /A/*),  L,  p 
nounced  by  the  pressure  of  the  front  of  the  tongue  against 
teeth  or  front  of  the  palate. 

Palatals:  S,  Z,  R,  SH,  J  (French),  Y,  pronounced  (a 
appears  to  me)  by  the  pressure  of  the  sides  of  the  touj 
against  the  palate,  leaving  a  passage  for  the  air  more  or  I 
free  through  the  middle. 

The  first  relation  of  which  we  shall  take  notice  betw 
sounds  of  the  same  organic  class  in  the  foregoing  arran 
ment,  is  that  which  distinguishes  the  classes  of  Tenues  i 
Medials,  as  they  are  commonly  called ;  for  which,  bowe^ 
a  more  characteristic  appellation  would  be  spirants  \ 
sonants  respectively ;  inasmuch  as  the  former  class  are  p 
nounced  by  a  mere  expiration  not  fiilling  within  the  mus 
scale ;  the  latter,  by  a  fundamental  note  of  the  vocal  inst 
ment,  the  organic  articulation  being  in  other  respects 
same  in  corresponding  consonants  of  either  class. 

The  consonants  commonly  arranged  under  the  heads 
Tenues  and  Medials,  are  the  following  only  :— 
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Tenues.  Medials. 

K  G 

P  B 

T  D. 

t  could  not,  however,  altogether  escape  notice,  that  the  foI« 
Ing  sounds  stood  in  precisely  the  same  relation  to  each 
5r : — 

F  V 

TH  (in  thick)  TH  (in  this) 
CH  (German)  GH  (Gaelic) 
S  Z 

SH  J  (French). 

lie  complete  list  of  spirants  and  sonants  will  then  be  as 
►ws: — 


Spirants. 

Sonants. 

Gutturab  {^H(Gern,.) 

G 

GH  (Gaelic),  G  (Dutch) 

Labials...   {P  pj. 

B 
V 

r  T 
Dentals...  {xHCinMic*) 

D 

TH  (in  thU) 

Palatals...  {§„ 

Z 

J (French) 

1  casting  our  eye  over  the  foregoing  table,  we  can  hardly 
to  remark  that  the  spirants  of  each  organic  class  consist 
pair  of  consonantal  sounds,  of  which  the  latter  is,  in  ^yery 
I  except  the  first  (in  which  the  K  is  replaced  by  an  equi« 
nt  C),  represented  by  the  same  letter  with  the  former, 
I  the  addition  of  an  H  subjoined;  and  there  is  an  obvious 
[ency  to  the  same  mode  of  expression  in  the  sonant 
imn. 

t  is  evident,  then,  that  in  the  spirant  column  at  least,  a 
is  been  felt  between  the  sounds  of  the 
*ank  of  every  organic  class,  a  relation 
iccurately  be  expressed  by  calling  the 
rank  a  thick  pronunciation  of  those  of 
hough  it  is  not  easy  to  describe  the  me- 
rit of  the  organs  of  speech  upon  which 
jepends.  There  can  be  no  question  that 
)lds  good  between  the  consonants  of  each 
onant  column.  It  is  certain  that  V  bears 
relation  to  B,  or  J  (French)  to  Z,  that  F 
oS. 

rrangement  of  the  mutes  under  the  heads 
I  and  Aspirates,  the  character  of  sound 
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designated  under  the  name  of  aspirate  is  treated  as  a  modii 
cation  analogous  to   that  which  gives  rise  to  the  classes 
spirants  and  sonants,  and  thus  the  fact  is  overlooked  that  bo 
spirants  and  sonants  of  every  organic  class  have  their  correl 
tives  among  the  aspirates  or  ranLs  of  thick  pronunciation. 


Tenues. 

Medials. 

Aspirates. 

K 

G 

CH 

P 

B 

PH 

T 

D 

TH 

The  remaining  consonantal  sounds  are  N,  6,  H  ;  M,  \^ 
N,  L  ;  R,  Y,  which  may  be  called  liquids,  from  the  facility  wi 
which  they  coalesce  with  other  consonants ;  or  neutrals,  fro 
not  admitting  of  modification  by  spirant  or  sonant  pronunci 
tion. 

The  tabular  arrangement  of  the  entire  series  niay  then  1 
completed  as  follows: — 


Spirant  or 
Tenuis. 

Sonant  or 
Medial. 

Neutral  ( 
Liquid. 

p..**»-«i  /  Pure  or  Clear 
Guttural  j  Aspirate  or  Thick 

K 

CH  (Germ.) 

G. 

GH,  G  (Dutch) 

NO 
H 

r  okj-i       /  P^re  or  Clear 
*^***  -1.  Aspirate  or  Thick 

P 
F,PH 

B. 

V,W(Germ.) 

M 
W 

Dental       /  ^^^^  ^^  ^^^^^ 
*^®"'^'- I  Aspirate  or  Thick 

T 

TH  (in  thick) 

D. 

TH  (in  this) 

N 
L 

^*'****--\A8pirate  or  Thick 

S 
SH 

Z,S(Gerni.) 
J  (French.) 

R 

Y,J(Gcn 
Italiat 

The  characteristic  of  the  sounds  of  the  latter  column  a 
pears  to  me  to  be,  that  they  are  each  produced  by  a  st 
tionary  condition  of  the  vocal  organs  most  nearly  approachii 
to  that  to  which  the  mouth  must  be  reduced  immediately  b 
fore  the  pronunciation  of  the  corresponding  sonant  or  spirani 

Hence  the  peculiar  facility  with  which  the  sound  of  NG 
combined  with  that  of  G,  M  with  B,  N  with  D,  L  with  TI 
and  R  with  S ;  and  although  we  cannot  illustrate,  in  the  san 
manner,  the  relation  of  H  with  GH,  CH ;  of  W  with  V  ai 
F,  and  of  Y  with  J  (French)  and  SH,  yet  it  seems  to  me 
be  of  the  same  character,  and  certainly  no  one  can  doubt  tl 
intimate  connexion  of  each  of  the  last-mentioned  groups 
sounds. 
16,  Gower  Street.  H.  WfiDOWOOD. 
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LX.     Notices  of  the  Results  of  the  Labours  of  Continental 
Chemists.    By  Messrs,  W.  Francis  and  H.  Croft. 

[Continued  from  p.  293.] 
Benxo^itric  and  Cintiamonitric  Acids. 
YN  the  Annalen  de)-  Pharmacies  vol.  xxx.  p.  34 1,  is  a  paper 
^  on  Balsam  of  Peru,  by  Plantamour,  in  which  a  peculiar  acid 
is  mentioned,  viz.  the  carbobenzoic ;  in  vol.  xxxiv.  p.  297,  is 
a  treatise  by  Mulder  on  the  benzoenitric  acid;  and  in  the 
Journal fUr  Praktischen  Chemiej  vol.  xxii.  p.  193,  one  by  Mit- 
scherlich  on  cinnnmonitric  acid.  These  three  papers  are  so 
intimately  related  that  it  is  better  not  to  separate  tnem  at  all, 
but  to  consider  them  in  one  report. 

When  benzoic  acid  is  boiled  with  excess  of  nitric  acid,  it  dis- 
solves and  colours  the  fluid  red ;  binoxide  of  nitrogen  is  given 
off.  The  development  of  gas  ceases  ader  boiling  for  several 
hours,  and  the  solution  becomes  colourless.  From  the  cold 
solution  crystals  similar  to  benzoic  acid  are  deposited,  the 
fluid  eventually  becomes  one  solid  crystalline  mass,  from  which 
the  benzoenitric  acid  may  be  extracted  by  boiling  water 
(Mulder).  According  to  Mitscherlich,  the  evolution  of  bin- 
oxide  of  nitrogen  is  accidental ;  it  arises  from  the  action  of 
nitric  acid  on  the  already  formed  benzoenitric  acid ;  it  is 
therefore  not  necessary  to  boil  the  fluid  for  any  length  of 
time. 

The  same  acid  is  produced  by  the  action  of  nitric  acid 
on  several  substances  which  have  been  said  to  be  converted 
into  benzoic  acid  by  nitric  acid.  Some  substances  flrst  form 
benzoic  acid,  as  is  the  case  with  cinnamic  acid  and  oil  of 
cinnamon  when  treated  with  dilute  acid.  Plantamour  did 
not  discover  the  nitrogen  in  this  acid :  he  gave  the  formula 
Cii  H^oO;  Mulder  and  Mitscherlich's  formula  is  O*  H^  O* 
+  WO\  or  C«*H'«0«N*  -H«0. 

This  acid  separates  from  water  as  a  crystalline  mass,  it  is 
easily  soluble  in  boiling  water,  and  if  there  is  not  sufficient  todis- 
solve  it  all,  an  oleaginous  substance  is  formed  which  is  heavier 
than  water ;  benzoic  acid  has  the  same  property.  At  lOP  C  400 
parts  of  water  dissolve  one  part  of  the  acid,  at  100^  ten  parts. 
It  is  easily  soluble  in  alcohol  and  sether;  melts  at  127^  and 
begins  to  sublime  at  110"^ ;  the  pure  acid  sublimes  unchanged ; 
chlorine  has  no  action  on  it.  Benzoenitric  acid  is  not  easily 
decomposed  by  heated  sulphuric  acid;  it  becomes  red,  ana 
then  contains  an  acid  which  gives  a  soluble  salt  with  baryta. 
The  benzoenitrates  are  for  the  most  part  soluble  in  water  and 
alcohol^  crystallizable,  explode  by  heating,  and  when  gently 
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off  nitrobenzid.  The  potash  salt  crystallizi 
ystalsy  and,  by  heating  gives  much  nitrobenzic 
;  is  deliquescent  (Mulder),  easily  crystallizab 
).  The  ammonia  salt  easily  loses  ammonia  an 
;.  The  lime  salt  is  acicular,  and  contains  t^ 
er,  which  are  driven  off  at  190°.  The  baryi 
>  atoms  of  water  at  100°.  The  strontia  salt  lost 
d  a  hair  at  1 30^.  When  acid  nitrobenzoate  < 
ropped  into  a  solution  of  sulphate  of  zinc,  a  g< 

salt  is  formed,  the  filtered  solution  gives  lame 

QiA  H«  N^  O^  +  Zn  O  +  5  Aq-  The  basic  ss 
atoms  of  base  to  one  of  acid.  The  manganes 
IS  with  one  atom  of  water.  The  copper  salt 
ir  soluble  in  hot  water ;  contains  one  atom  < 
e  are  two  salts  of  lead,  a  simple  benzoenitra 
nitrate,  5  (C'*  H«  O^  N-  +  Pb  O)  +  Pb  O.  Tl 
)artly  soluble  in  water,  gives  much  nitrobenzi 
y  heated,  &c.  &c.  (Mulder), 
nonitric  acid  is  formed  by  adding  pulverized  cii 
strong  nitric  acid  ;  the  temperature  must  not  rl 
The  cinnamic  acid  is  at  first  dissolved,  the  mi] 
omes  hot,  and  a  cryslalline  substance  separate 
v^ith  water,  dissolved  in  and  crystallized  from  a 

white  with  a  trace  of  yellow,  melts  at  270^ 
270^  it  boils  and  is  decomposed.  Almost  ios4 
ig  water.  At  20°  is  soluble  in  327  parts  of  a 
this  property  may  be  easily  separated  from  oth< 
imic  acid  is  soluble  in  4*2  parts,  benzoic  in  1*9* 
trie  in  somewhat  less  than  its  own  weight, 
trie  acid,  when  boiled  with  a  small  quantity  ( 
not  form  the  oily  body  mentioned  above; 
uble  in  boiling  hydrocnloric  acid  without  d( 

Its  salts  with  the  alkalies  are  easily  soluble;  tl 
re  either  difficultly  soluble  or  insoluble.  Tf 
da  salts  form  verrucous  crystals ;  when  an  exce 
idded  to  the  potash  salt,  prismatic  crystals  ai 
he  ammonia  salt  decomposes  like  the  benzoat 
ers  the  magnesia  salt  is  the  most  soluble.  Thes 

'  is  formed  by  heating  cinnamonitric  acid  wit 
Df  alcohol  and  a  little  sulphuric  acid  for  seven 
mpernture  not  above  80°.  The  acid  is  dissolve( 
when  cooled  deposits  the  aether  in  prismatj 
t  aether  is  not  decomposed  by  ammonia.  1 
*,  and  boils  at  300°,  at  which  temperature  it  i 
posed. 
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Several  acids  of  similar  composition  give  crystallizabie 
ers;  the  most  beautiful  is  that  of  benzoenitric  acid 
H«o  O,  C»*  H8  N*O0.  The  following  crystallize  well: 
innitrate  and  anisinnitrate  of  aethyloxide,  and  the  benzoe- 
ate  of  metbyloxide. 

}innamic  acid  may  be  very  easily  distinguished  from  ben- 
;  acid  by  the  formation  of  the  cinnamonitric  acid.  The  for- 
la  is  C'8  H'«  N*  07,  or  C^»  H^*  O^  +  N«  O'  -  H*  O.  The 
ombined  acid  is  C^^H'*  N«0\ 

f  more  than  one  part  of  cinnamic  acid  is  added  to  eight 
ts  of  nitric  acid,  the  temperature  rises  above  60^,  and  ben- 
litric  and  another,  as  yet  unexamined,  acid  are  formed. 
;  crystallized  acid  (benzoenitric)  contains  one  atom  of 
er^  according  to  Mulder;  he  calls  it  ^^acide  nitroben- 
le :"  benzoenitric  is  more  applicable. 
*innamic  acid  does  not  combine  with  sulphuric  acid  as 
zoic  acid  does.  By  distilling  cinnamic  acid  with  lime, 
>onate  of  lime  and  carbon  remain  behind,  and  the  product 
mixture  of  several  substances ;  it  smells  like  benzin,  but 
luid  under  0°;  it  perhaps  contains  some  benzin,  but  is 
ainly  a  mixture.  The  same  is  the  case  with  the  products 
lined  by  passing  camphor  and  oil  of  cinnamon  through  a 
•hot  tube,  according  to  the  experiments  of  H.  C.  (D'Ar- 
>  fluid,  which  is  said  to  be  like  benzin,  but  to  boil  at  14<0% 
luld  not  obtain;  the  oil  procured  began  to  distil  at  140% 
the  boiling  point  rose  to  250°. — H.  C.) 

Ferric  Acid, 
M.  Fremy  has  found  that  if  a  mixture  of  the  per- 
le  of  iron  and  potash,  or  better  one  of  peroxide  of  iron 
nitre  and  potash,  or  also  peroxide  of  potassium  be  kept 
a  time  at  a  lively  red  heat,  a  brown  mass  is  obtained, 
ch,  when  treated  with  water,  affords  a  very  beautiful  violet 
ition.  The  combination  contained  in  this  solution  can 
wise  be  formed  in  the  moist  way,  by  passing  chlorine  into 
;ry  concentrated  solution  of  potash  in  which  the  hydrate 
he  peroxide  of  iron  is  suspended.  The  combination  pre- 
ed  in  either  way  is  of  a  beautiful  violet,  very  soluble  in  pure 
er,  insoluble  in  alkaline  water,  in  which  it  forms  a  brown 
[:ipitate,  which  redissolves  in  pure  water  with  a  purple  co- 
*.  It  appears  to  be  less  stable  than  the  manganate  of 
ish.  Under  certain  circumstances  (for  instance,  with  time 
nuch  water),  it  decomposes  at  the  common  temperature 
I  peroxide  of  iron,  which  falls  to  the  ground,  and  intooxy- 
,  which  escapes,  while  all  colour  disappears.  A  tempera- 
t  of  100°  produces  the  same  decomposition  instantaneously, 
%//•  Mag.  S.  3.  Vol.  18.  No.  118.  May  1841.       2  B 
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It  is  decomposed  by  all  organic  substances,  from  which  c 
it  is  impossible  to  filter  the  solution.  Hitherto  all  attei 
to  isolate  the  combination  have  proved  unsuccessful.  M 
the  red  solution  is  treated  with  an  acid  and  the  potash  nc 
saturated,  peroxide  of  iron  is  thrown  down  and  oxygen 
engaged. — Comptes  Eendus,  vol.  xiL  p.  28. 

On  the  series  of  Bodies  deri'oedjrom  the  Jumifig  liquor 
Cadet  {Alkarsin). 

In  a  paper  entitled  <^  Researches  on  the  Cacodyl  Ser 
Annalen  der  Chemie  und  Pharmacies  xxxvii.  p.  1,  Dr.  Bu 
has  described  the  products  of  the  decomposition  of  alkari 

The  primary  member  of  this  series  has  the  fori 
C*  H»*  As%  and  therefore  represents  common  alcohol 
which  two  atoms  of  oxygen  are  replaced  by  two  of 
senic.  This  body  may  oe  taken  as  an  excellent  re 
sentative  of  the  organic  radicals.  The  arsenic  in  these  < 
pounds  cannot  be  completely  oxidized  by  nitric  acid  ;  m 
over,  it  cannot  be  determined  by  means  or  the  usual  oxidi 
substances,  or  of  oxide  of  copper,  because  explosions 

auentlv  occur,  and  the  separation  of  arsenic  from  copp 
ifficult.  The  best  substance  is  oxide  of  nickel,  which 
be  prepared  by  heating  the  sulphate  to  a  white  heat 
burning  the  compound  with  this  oxide  the  arsenic  is 
oxidized,  but  not  so  the  carbon  and  hydrogen.  The  tub 
burning  is  connected  with  a  Liebig's  condenser,  contai 
water;  if  the  analysis  has  not  been  well  conducted  this  v 
acquires  a  smell  of  alkarsin.  The  contents  of  the  tub 
quite  soluble  in  aqua  re^ia;  the  solution  is  treated  with 
phuric  acid  to  drive  off  the  nitric  acid,  evaporated  to  dryi 
moistened  and  filtered :  in  this  solution  the  arsenic  ma 
determined  in  the  usual  method.  The  carbon  and  hydr 
may  be  determined  by  burning  the  compound  with  oxi( 
copper  or  chromate  of  lead ;  if  oxide  of  copper  be  usi 
radier  lon^  tube  must  be  employed,  the  anterior  part  of  vt 
is  filled  with  chromate  of  lead  or  copper  turnings.  In 
paring  these  compounds  all  the  vessels  must  be  filled 
carbonic  acid. 

Oxide  of  cacodyl,  alkarsin  (vide  Annalen  xxiv. ;  also 
mas,  Annalen^  xxvii.).  Formula  O  H^^  AsS  O.  Specific 
vity  of  the  vapour,  found  by  experiment,  7*555^  calculated,?* 
This  body  reacts  perfectly  neutral,  but  combines  with  a 
and  in  this  respect  is  similar  to  some  inorganic  bodies,  w 
are  half  base  half  acid.  Phosphoric  acid  dissolves  a  I 
quantity  of  it,  and  forms  a  stinking  thick  fluid  which  doe 
crystallize.     The  alkarsin  may  be  distilled  over  from 
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ipound  unchanged.  Dilute  cold  nitric  acid  forms  with 
Tsin  a  thick  fluid.  Alkarsin  is  dissolved  by  digestion 
t  concentrated  hydrous  sulphuric  acid;  the  liquid  on  cool- 
forms  a  mass  of  small  white  acicular  crystals :  they  may 
ireed  from  the  matrix  by  pressure  between  paper,  deli* 
tee  in  the  air  and  react  acid.  Nitrate  of  cacodyloxide 
s  peculiar  precipitates  in  metallic  solutions,  but  their  na- 
is  not  as  yet  determined.  With  the  hydracids  alkarsin 
IS  water  and  a  haloid  salt  It  extracts  the  oxygen  from 
oxides  of  mercury,  silver,  gold,  &c.:  even  arsenic  acid 
indigo  are  reduced  by  it.  Alkarsin  may  be  used  as  a 
for  me  presence  of  arsenic.  If  the  substance  obtained 
Marsh's  apparatus  be  boiled  with  water  until  dissolved, 
a  little  potash  and  acetic  acid  added,  and  this  solution 
K>rated  to  dryness,  the  mass  when  heated  in  a  glass  tube 
9  the  horrible  smell  of  alkarsin,  if  any  arsenic  be  present: 
oiony  has  no  such  effect.  If  a  drop  of  protochloride  of 
)e  added  to  the  heated  substance,  the  characteristic  smell 
iloride  of  cacodyl  is  developed. 

ulphuret  of  cacodyl,  Cd  S,  is  obtained  by  distilling  chlo- 
ofcacodyl  with  hydrosulphuret  of  barium,  BaS,  HS;  hy- 

ulphuric  acid  (sulphuretted  hydrogen)  is  given  off.  The 
llation  with  the  hydrosulphuret  must  be  repeated.  The 
or  and  excess  of  HS  may  be  removed  by  chloride  of  cal- 

1  and  carbonate  of  lead ;  the  fluid  must  then  be  carefully 
ected  from  the  air.  The  acid  fluid  which  accompanies  the 
et's  fluid  gives  a  considerable  quantity  of  this  protosul- 
ret  when  treated  with  the  above-mentioned  barium  salt, 
aqueous  solution  of  cacodylic  acid  (alkargen)  when 
ted  with  hydrosulphuric  acid  also  gives  it.  In  an  alcoholic 
tion  the  higher  sulphuret  is  produced, 
d  S  is  a  clear  ethereal  liquid  which  does  not  fume  in  the 
of  a  disagreeable  penetrating  odour,  which  reminds  one 
ilkarsin  and  mercaptan.  Does  not  become  solid  at 
0^  C. :  distils  over  with  water,  although  its  boiling  point 
^uch  higher  than  100^.  Easily  inflammable  in  the  air ; 
sulphur  is  perfectly  oxidized  by  strong  nitric  acid.  It  is 
'ly  insoluble  in  water,  but  communicates  to  it  a  strong 
II ;  may  be  mixed  with  aether  and  alcohol  in  all  propor- 
s ;  combines  with  sulphur  into  a  crystalline  sulphuret. 
inium  also  forms  a  similar  compound,  which  crystal- 
;  out  of  sether  in  colourless  laminss.  Iodine  fqrms  a  cry- 
ine  substance.  Oxygen  converts  it  into  alkargefi,  and  an, 
ret,  unexamined  crystallized  matter.     Hydrochloric  acid 

18  Cd  CI  +  HS.    Sulphuric  acid  gives  Cd  O,  S'+  HS, 
2B2 
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&c.  Sec.  Acetic  acid  does  not  decompose  it.  Formula  < 
or  C*  H>^  As%  S.  Specific  gravity  of  vapour  7*72,  calcul 
8«39. 

Protoseleniuret  of  cacodyl,  C*  H»*  As%  Se,  or  Cd  Se: 
chloride  of  cacodyl  is  distilled  several  times  with  a  i 
tion  of  seleniuret  of  sodium :  it  is  a  transparent  yello 
fluid  of  very  unpleasant  smell ;  insoluble  in  water,  solub 
aether  and  alcohol ;  absorbs  oxygen  and  deposits  colou 
crystals :  bums  in  the  air  with  a  blue  flame.     Nitrate  of  s 

gives  with  Cd  Se,  Ag  Se  +  Cd  O,  N,     Corrosive  subli 

gives  first  black  seleniuret  of  mercury,  and  then  a  white 
cipitate,  viz.  hydrargochloride  of  cacodyloxide.  This  < 
pound  is  soluble  in  hot  water,  and  crystallizes  from  i 
cooling. 

Protocyanide  of  cacodyl,   Cd  Cy,  is  formed  by  dbti 

concentrated  hydrocyanic  acid  with  alkarsin,  or  bette 
treating  a  strong  solution  of  bicyanide  of  mercury  with  a 
sin.  By  distillation  an  oily  fluid  collects  under  the  w 
and  on  cooling  forms  large  beautiful  prismatic  ci*ystals;  1 
crystals  are  then  distilled  over  baryta,  &c.  &c  Melts  at  SS 
boils  at  about  140^  C;  burns  in  the  air  with  a  reddish- 
flame.  Soluble  in  aether  and  alcohol,  but  little  in  water, 
is  the  most  poisonous  of  all  the  cacodyl  compounds,  and 
must  be  excessively  careful  in  experimenting  with  it.  I 
lution  of  silver  gives  cyanide  of  silver  with  Cd  Cy.  Th 
trate  of  the  dioxide  of  mercury  is  reduced  by  it,  not  84 
nitrate  of  the  oxide.  Sublimate  gives  the  hydrargochb 
of  cacodyloxide,  &c.  &c.  Formula  C*  H««  As«,  N«  C*; 
cific  gravity  of  the  vapour  4"63,  calculated,  4'547.  The 
cific  gravity  of  the  vapour  of  cacodyl,  C*  H'*  As%  i 
therefore  be  7*281.  We  must  reserve  the  conclusion  of 
paper  for  our  next. 

LXI.  On  the IsomorphismofOxamethane  andChloroxameti 
By  M.  F.  DE  LA  Provostaye,  Professor  to  the  Facul 
Rennes*, 

A  MONGST  the  numerous  and  important  research^ 
-^^  which  the  theory  of  substitutions  has  already  given  I 
those  of  M.  Malnguti  upon  chloroxalic  aether  f  are  wii 
doubt  some  of  the  most  remarkable.  We  here  see  two  ( 
plete  series  of  products,  all  derived  from  each  other  wil 
destruction,  and  by  simple  combinations  or  transformati 

*  From  the  Annalet  de  Chimie  et  de  Phytique,  vol.  Ixv.  p.  322, 
jf  An  Abstract  of  this  paper  will  appear  in  our  next  Number.— Ex 
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eries  which  constantly  present,  on  one  side  hydrogen,  and  on 
[le  other  chlorine  which  takes  its  place  atom  by  atom.  It 
i  certainly  impossible  to  imagine  a  chemical  isomorphism 
etter  established  and  more  perfectly  characterized;  never- 
leless  I  know  not  whether  up  to  the  present  time  it  has  been 
ossible  to  prove  crystallographical  isomorphism  either  for 
lese  products,  or  for  the  products  obtained  by  similar  sub- 
:itutions^.  Most  frequently  indeed  the  two  substances,  or  at 
^astone  of  them,  does  not  crystallize,  and  isaltogether  incapable 
f  exact  measurement  To  anyone  remembering  the  beautiful 
^searches  of  M.  Mitscherlicb  and  the  very  important  con- 
squences  which  flow  from  them,  it  was,  however,  of  the 
ighest  interest  to  arrive  at  an  accurate  solution  upon  this 
Dint.  M.  Malaguti's  kindness  has  enabled  me  to  give  it. 
'his  chemist  sent  me  some  crystals  of  oxamethane  and  of 
iloroxamethane.  The  former  had  been  obtained  by  the 
xAms  of  an  aethereal  alcoholic  solution,  the  latter  had  been 
•rmed  in  a  solution  simply  sethereal.  They  were  perfectly 
sautiful,  and  capable  of  being  measured.  Now  the  result  of 
leir  examination  is,  that  these  two  substances  are  isomor- 
lous.  I  here  give  the  determinations  on  which  this  asser- 
>n  is  founded. 

The  chloroxamethane  belongs  to  the  rhombic  (right  rectan- 
ilar  prismatic)  system ;  it  crystallizes  in  the  form  of  a  prism 
Lth  a  rectangular  base  /,  the  angles  of  which  are  of  60^  and 

At  each  summit  are  two  faces  o  forming  the  bevil,  which  in- 
tersect each  other  at  an  angle  of  108^  54?' 
very  nearly.     We  have  then 

Measured  angles. 
P:l  =  120° 

/  :  /  on  the  other  side   =  120° 

P:o  =  125'' 30'— 35'. 

Oxamethane  crystallizes  in  excessively  thin  flexible  lamina?, 

•  M.  Laurent  has  preferred  a  claim  in  the  Comptes  Bendus  de  Plruliiut, 
the  subject  of  this  note.  In  a  memoir  presented  to  the  Academy  some 
mths  ago,  but  which  has  not  yet  been  published,  he  announced  that 
•tain  naphthaUc  combinationt,  in  which  chlorine  takes  the  place  of  hydrogen, 
?  isomorphous,  1  am  far  from  wishing  to  dispute  the  merit  of  these 
Djectures;  but  as  a  fact  of  this  nature  can  only  be  established  by  mea- 
'e»,  which  he  had  not  taken,  I  still  think  I  may  sav  that  oxamethane  and 
[oroxamethane  present  the  first,  and  until  now,  the  only  example  of  iso- 
^rphism,  really  proved  amongst  these  two  classes  of  substances. 
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the  measurement  of  which  is  rather  difficult  although  the  face 
are  brilliant  The  summits  are  almost  alwaj 
altered;  they  are,  however,  found  capable  c 
measurement  on  very  smaU  crystaU. 

Measured  angles. 
P:  0        =        l^SP2&—S5' 
P  :  A        =       151^  S(/— 5(y 
P  :  M      =       1S2<>  SCy— 45' 

The  result  of  these  measurements  is  that  oxamethane  als 
belongs  to  the  rhombic  system.  The  angle  of  the  two  fac< 
which  form  the  bevil  at  the  summit  is  the  same  as  the  com 
sponding  angle  of  the  crystals  of  chloroxamethane.  As  to  tfa 
vertical  planes,  the  angles  are  different;  but  it  is  easy  to  sc 
that  the  two  forms  may  be  derived  from  the  same  fundamenti 
form.  In  fact,  the  calculated  axes,  by  taking  M  for  the  pr 
mitive  prism,  are 

Vertical  axis a  =s  0*715 

Horizontal  axis  turned  towards  the  observer  6=1 
Horizontal  axis  directed  from  left  to  right       c  a  0*924. 
By  setting  out  from  these  axes,  we  have,  for  the  notation  c 
the  faces  and  for  the  calculated  value  of  the  angles, 

Notation. 


Chloroxamethane. 
V 

O   =   P  00, 


=   0.^ 


00, 


Oxamethane. 

V 
0  =  P  00, 

V 
P=  00  Poo, 


/    =    00    P|. 


M  =  00  P, 

V 
A   =  00  P2. 


Calculated  angles. 


P  :  /  =  ISO** 

/  lion  the  other  side  =  120^ 
P:o  =  125^33' 


P:  M  =  132^43' 
P:A  =  151^  34^ 
P  :  0    =  125^  33' 


The  agreement  between  the  observed  and  the  calculaU 
values  is  such,  that  it  is  impossible  that  the  isomorphism  a 
be  doubtful.* 
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LIL  On  the  Composition  of  Chalk  Rocks  and  Chalk  Marl  by 
Invisible  Organic  Bodies  :Jrom  the  Observations  of  Dr.  Ehren^ 
berg*.  By  Thomas  Weaver,  Esq.^  F.R.S.J  F.GJS.^ 
M.R.I.A.,  4rc.  Sfc.\ 

1H£  remarkable  discoveries  effected,  and  the  new  light 
.  thrown  on  ^ology  bv  the  indefatigable  researches  of  Dr. 
irenberg,  during  several  years  past,  uiroush  the  medium  of 
\  microscope,  particularly  in  respect  of  me  Infusoria  and 
Jythalamia  tribes,  highly  instructive  and  interesting  as  they 
ist  be  to  all  naturahsts,  are  especially  so  to  the  geologist, 
iCe  they  open  to  him  a  large  field  of  inquiry,  eminently  de- 
lving of  cultivation.  To  draw  attention  to  this  subject,  which 
rolves  no  less  than  an  investigation  as  to  what  extent  minute 
^nic  bodies,  invisible  to  the  naked  eye,  may  have  contri- 
ted  to  the  production  of  all  limestone  formations,  whether 
an  origin  posterior  or  anterior  to  the  epoch  of  the  chalk, 
scending  thus  in  the  series  to  the  primary  limestones,  it  ap- 
ared  to  me  that  a  sketch  taken  from  a  portion  of  the  labours 
Dr.  Ehrenberg  might  be  not  only  useful,  but  especially  ac- 
ptable  to  such  geologists  as  may  not  be  conversant  with  the 
iguage  of  the  original.  I  propose  then^  in  the  first  instance, 
advert  briefly  to  the  earlier  researches  of  Dr.  Ehrenberg 
Qceming  the  Coral  tribes  in  general,  and  those  of  the  Red 
a  in  particular  j: ;  and  in  the  second,  to  present  such  extracts 
)m  the  Memoir,  the  title  of  which  stanas  at  the  head  of  this 
per%,  as  may  answer  the  purpose  of  a  general  view. 
At  the  instigation  of  the  Uoyal  Academy  of  Sciences  of  Ber- 
II,  Dr.  Ehrenberg  and  his  friend,  the  late  Dr.  Hemprich, 

^  Coramunicated  b^  the  Author. 

I*  With  an  Appendix  touching  the  researches  of  M.  Alcide  d*Orbigny. 

\,  See  in  the  Abhand.  der  Konig.  Acad.  d.  ^ssenschaften  zu  Berlin  for 

» year  1832:— 

I.  Contributions  to  the  physiological  knowledge  of  the  Coral  animals  in 

leral,  and  in  particular  of  Uiose  of  the  Red  Sea,  with  an  attempt  to  clas- 

f  them  according  to  their  physiological  distinctions ;  read  3ra  March, 

31,  with  additions  printed  Ist  Dec.  1833,  pp.  225-380. 

B.  On  the  Nature  and  Structure  of  the  Coral  Banks  of  the  Red  Sea,  read 

ad  March  1832;  revised  and  printed  in  Feb.  1834,  pp.  381-432. 

\  Ueber  die  Bildung  der  Kreidefelten  und  des  KreidemergeU  durch  un^ 

hibare  Organistnen,  in  the  Transactions  of  the  Royal  Academy  of  Sciences 

Berlin,  for  the  year  1838,  read  20th  Dec.  1838,  and  18th  Feb.  1839, 

.  69-149. 

II  See  the  Report  read  to  the  Academy  bv  M.  Air.  von  Humboldt  on  the 

avek  of  Doctors  Ehrenberg  and  Hemprich  through  Egypt,  Dongola,  Syria, 

abia,  and  the  Eastern  declivity  of  the  highlands  of  Abyssinia,  in  the  years 

20-1825,  conveying  a  clear  idea  of  the  arduous  and  extraordinary  la- 

ors  of  those  gentlemen  in  all  branches  of  Natural  History:  Berlin,  1826. 

.  Hemprich  fell  a  sacrifice  to  his  exertions  in  Abyssinia,  on  the  30th  of 

ne,  1825. 
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be  Red  Sea  during  a  period  of  eighteen  months,  na 
months  from  the  year  1823  to  1824,  and  an  e 
in  1825,  liaving  been  nearly  twelve  months  of  the  1 
d  ship,  in  which  interval  they  passed  over  nearly 
xtent  of  that  sea,  saw  many  of  its  islands  and  c 
,nd  landed  with  a  view  to  special  examination  on  fo 
ferent  points  of  the  two  coasts ;  but  the  whole  nun 
Is  and  special  points  of  the  coast  seen  by  them  amo 
\  1 50,  independently  of  the  long  coast  of  Sinai  in  i 
ch  they  examined  in  continuity.  In  these  labor 
ittended  with  extreme  danger,  they  collected  110 
])oral  animals,  being  nearly  three  times  as  many  as 
and  or  described  by  all  former  observers,  namely 
?orsk&l  and  Savigny,  and  later  by  Riippel. 
stermine  the  subjects  of  that  collection  with  the  gn 
n,  it  became  necessary  to  undertake  a  review  of 
ilass  of  the  Coral  animals,  and  the  more  so  as 
erg  found  that  his  own  observations  were  frequc 
ion  with  the  systematic  distinctions  that  have  previ 
le  present  time.  In  this  review  the  author  has  e 
»mpared  the  four  most  recent  extensive  systems,  n^ 
[;hweigger  in  1820,  Rapp  in  1829,  Cuvierin  1830, 
ile  likewise  in  1830,  which  may  be  said  to  embod} 
nt  of  ihe  present  generation  upon  the  labours  of  ea 
»  and  to  comprise  the  sum  of  existing  knowledg 
partment  of  natural  history.  He  has  in  partic 
his  attention  to  the  work  of  filainville  ^,  since  it 
e  greatest  number  of  new  details,  having  been  enri< 
latest  manuscript  observations  and  drawings  of  C 
imard,  the  result  of  their  second  voyage  round 
^ith  Capt.  D'Urville.  In  these  newer  works,  th< 
f  Lamarck  having  been  critically  employed,  the  au 
ieved  from  the  necessity  of  noticing  them  in  a  sp 

attempt  to  reconcile  the  observed  discrepancies  lei 
to  separate  the  Coral  animals  into  two  organic  nal 

which  are  well  marked  and  distinct  from  each  oi 
ich  he  named  Anthozoa  (Flower-animals)  and  Bry 
mimals).  In  the  course  of  these  researches  the  au 
hat  the  whole  group  of  the  Anthozoa,  which  consi 
per  (single-mouthed)  coral  animals,  and  which 
adually  distributed  under  more  than  158  generic  na 
)g  even  heterogeneous  animals  and  plants,  might 

to  his  own  observations  of  their  correspondenc 

•  Dictionnaire  des  Sciencet  Naturellet,  1830. 
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affinity  and  relations  of  structure  and  development,  be  reduced 
to  eighty-six  genera,  but  which  number  might  perhaps  be  still 
further  diminished,  as  a  few  genera  might  be  classed  as  sub- 
genera. The  Anthozoa  he  has  divided  into  two  orders,  Zoo- 
coraUia  (Animal-corals)  and  Phytocorallia  (Plant-corals).  In 
the  Memoir  is  given  a  systematic  description  of  the  Orders, 
Tribes,  Families,  Genera  and  Species  of  the  Anthozoa,  while 
further  details  are  reserved  for  the  author's  work,  entitled, 
Symbola  Physica:.  The  subjoined  Table  will  show  the  general 
arrangement,  extending  to  the  genera. 

Anthozoa. 

Ore  ventriculoque  distinctis,  tubo  cibario  anoqiie  discreto  nuUis,  corpora 
intus  radiatim  lamelloso.  (Vibratio  nulla^  gemnias  et  spontanea  divisio 
frequentissimse.) 

OaOO  I. — ZOOCORALUA. 

Corpora  aut  oninino  rooUiy  aut  Cephalopodum  mora  intus  lapidera  gene- 
ranta  (secernente  nee  excernente)  hinc  saepe  omnino  libera  at,  praster  for- 
Dianiy  anitnalium  characteres  omnas  parfectius  senrantia. 


Species. 

Foa 
Gen< 

1             Gener. 

OftheRedSea. 

i 

1 

s 

p 
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16 

29 

1.  Actinia. 

... 

1 

1 

2.  Metridium. 

Familia  I.  Actinina. 
Genera  9. 

"l? 

1 

1 

1? 
10 

3.  Megalactis. 
5.  Cribrina. 

r  .s 

Species  living  •  i>0. 
In  the  Red  Sea  23. 

... 

1 
1 

3 
1 

6.  Actinodendron. 

7.  Epicladia. 

*5 
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1 

1 
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••. 

3 
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00 

>. 

b 

2 

3 

10.  Hughea. 

1 
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'\ 
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2 
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g{ 

55  • 

Genera  4.  FoMii  2. 

1 

1 

4 
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H 

1 

Species  living  .  12. 

... 

2 

3 

13.  Palythoa. 

In  the  Red  Sea    7. 

•  •. 

... 

... 

F. 

Siphonia. 

1 

... 

••. 

... 

F. 

Lymnorea. 

... 

1 

3 

F 

14.  Fungia. 

Fam.  III.  FuNOiNA. 
Genera  6.    Fossil  5. 
Species  living  .  12. 
In  the  Red  Sea    3. 

i? 

1 
... 

5 
3 

'i? 

F 
F 
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F 

15.  Holiglossa. 

16.  Polyphyllia. 

17.  Cyclolithas. 

18.  TurbinaUa. 

19.  Trochopsis. 
Diploctenium. 
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Species. 

FbisU 
Genera. 

0«Mra. 

Of  the  Bed  Sea. 

1 
1 

11 

1 

1 

Fam.  IV.  Xbnina. 

3 

3 

20.  Xenia. 

Genera  3. 

Species  living    .  7. 

In  the  Red  Sea    6. 

... 

3 

3 

I 

••• 

21.  Antbelia. 
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^   _ 
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Species  living    .  3. 
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23.  Tubipora. 
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a 
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12 
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5 

Genera  6. 
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2 
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26.  Ammothea. 

s. 

o 

Species  living     28. 

... 

2 

4 

... 

27.  Nephthya. 

at 
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... 

3 

8 

... 

28.  Sympodium. 

H 

"2 

... 

... 

1 

..« 

29.  Cliona. 

1 
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4 
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I 
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Genera  4. 
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Species  living    .  7. 
In  the  Red  Sea    0. 

... 

... 

1 

... 

38.  Scirpearia. 

(/3)  HalipTeria. 

2 

34.  Renilla. 

Genera  3.   Fossil  1. 
Species  Uving  .  10. 
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5 

F.*? 

35.  Virgularia. 

36.  Pennatula. 

In  the  Red  Sea    0. 

••* 
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Genera  2. 
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... 

4 

... 
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i 

Species  living    .  6. 
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2 
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*S 
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1 
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4 
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js 
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3 
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4 
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N 

Species  living    .  4. 
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. 
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5 

49 
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Ordo  II. — PhytocoraLua. 
rpora  aut  lapideam  aut  corneam  materiam  adclutinantem  teceraentey 
€  dorso  (solea)  excernente  ejusque  ope  semper  adnato  (Ostreanim  more). 


1 

Spedei.             1 

Genera. 

Genera. 

1 

OftheRedSea.  | 

» 

& 

^ 

... 

2 

.•• 

44.  Desmophyllum. 
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... 
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•*• 
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F. 
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F. 

47.  Monomyces. 

... 

1 

9 

F. 

48.  OcuUna. 

-Familia  XI.  Ocbllina. 

••* 

... 

4 

F. 

49.  Turbinaria. 

Genera  14.     Fossil  12. 

... 

3 

8 

F. 

50.  Ezplanaria. 

Species  living      41. 
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\  the  preceding  Table  we  see  that  of  the  forty-three  gene 
Soocorallia,  there  are  eight  which  are  found  fossil;  tl 
)g  species  amount  to  151,  of  which  fifty-four  exist  in  tl 
1  Sea,  and  forty-nine  of  these  have  been  observed  by  tl 
lor,  five  remaining  unproved.  Of  the  forty-three  gene 
Phytocorallia  there  are  twenty-seven  which  are  found  fb 
the  living  species  amount  to  235,  of  which  sixty-six  exi 
lie  Red  Sea,  and  sixty-one  of  these  have  been  observed  I 
author,  five  remaining  unproved.     The  general  result  i 

out  of  eighty-six  irenera  of  Anthozoa,  thirty-five  occur 
fossil  state ;  and  that  of  386  known  living  species  of  Ai 
;oa,  120  exist  in  the  Red  Sea,  of  which  110  species  we 
;rved  by  the  author.  The  same  Table  also  shows  that 
seventeen  families  of  known  Coral  animals,  thirteen  exi 
be  Red  Sea,  while  four  are  wholly  wanting,  namely,  tho 
'ennatulina,  Hydrina,  Tubularina  and  AUoporina.  XI 
[  number  of  known  living  species  comprised  in  each  fami 
so  given,  as  well  as  the  relative  number  actually  existii 
le  Red  Sea. 

'he  120  species  of  Anthozoa  existing  in  the  Red  Sea  thi 
ititute  nearly  one  third  of  the  whole  number  of  living  sp 
and  being  comprised  in  forty-four  genera,  the  latter  rathi 
sed  one  half  of  the  number  of  known  living  genera, 
f  the  known  living  Corals  there  are  eight  genera  peculu 
be  Red  Sea,  namely,  Megalactisy  Thalassiafithmfj  Ep 
ioj  Heterodactyla,  Anthelia^  Ammothea^  Slephanocora  an 
mbodes.  It  appears  also  that  eighty-eight  species  are  peci 
to  it,  not  having  been  hitherto  observed  anywhere  else, 
mong  the  genera  of  the  Red  Sea  that  ofStrombodes  exciu 
liar  interest,  having  previously  been  found  only  in  the  fix 
ate.  It  afibrds  a  key  to  the  structure  of  the  remarkabl 
hophylla,  difiering  from  the  view  hitherto  entertainec 
rendering  it  quite  clear  that  the  internal  central  star  < 
incased  forms  is  not  ^  young  one^  but  the  oldest  or  mc 
star,  which  is  often  surrounded  by  broad  radiated  mantk 
productive  of  buds. 

appears  probable  that  the  Red  Sea  and  the  part  of  th 
iterranean  so  nearly  adjoining  on  the  I^ibyan  coast,  pos 
)nly  two  forms  out  of  the  120  species  in  common,  namelj 
lia  Tapetum  and  A.  Mesembryanthemum. 
*  the  Bryozoa  group.  Dr.  Ehrenberg  gave  in  the  sam 
oir,  contained  in  the  volume  of  the  Transactions  for  1832 
the  more  general  results  of  his  investigations,  without  en 
I  into  detail ;  but  the  subject  is  resumed  in  his  later  me 

inserted  in  the  volume  for  1838,  in  which  he  has  pre 
i  a  tabular  view  of  the  Bryozoa,  distributed  into  Orders 
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amilies  and  Genera,  with  their  characteristics.  According  to 
lis  view  the  Bryozoa  comprise  four  Orders,  Polythalamia^ 
'j/mnocora,  Thallopodia  and  Scleropodia ;  the  Poly thalamia 
sing  divided  into  Monosomatia  (single-bodied),  consisting  of 
ftjr-six  genera,  andPolysomatia  (many-bodied  or  polyparian), 
imposed  of  twen^-two  genera,  forming  altogether  seventy- 
ght  genera  of  Polythalamia.  The  following  Table  exhibits 
le  general  arrangement.  « 

Bryozoa. 
Animalia  asphycta,  tubo  cibario  simplici,  sacciformi  aut  tubuliformi,  vera 
corporis  artioulatione  nulla  aut  sensira  numerosiore,  corporis  forma 
geinnm  aut  novis  articulis  accedentibus  sensim  aucta,  hinc  indeBnita, 
nunquam  sponte  dividua,  omnia  et  singula  verisimiliter  periodice  ovi- 
para,  ideoque  hermaphrodita. 

OrDO  L — POLYTHALAMIA. 

Libere  vagantia  et  loricata. 


fonotomaHa, 
Familia 


Familia      IT. 


Familia     III. 


Familia     IV. 


Familia 


Familia     VI. 


*oiysomatia. 
Familia    VII. 


Familia  VIII. 
Familia  IX. 
Familia      X. 


MiLIOLINA* 

Genera  2.  ?  Miliola,  ?  Gromia. 

NODOSARINA. 

Gen.  11.  Glandulina,  Mucronina,  Nodosaria^  Ortho- 
cerina,  Dentalina,  Lingulina,  Frondicularia, 
Rimulina,  Vaginulina,  Planularia,  Marginu- 
lina. 
Textularina. 

Gen.  6.  Bigenerina,  ?  Dimorphina,  Textularia,  Gram- 
mostomum  ( Fulvularia),  Polymorphina,  Vir- 
gulina. 

UVELLINA. 

Gen.  11.  Guttulina  (et  GiobuUna)^  Uvigerina,  Bulimi- 
na,  Valvulina,  Rosalina,  Clavulina,  Globige- 
rina,  Pyrulina,  Sphaeroidina. 

ROTAUNA. 

Gen.  22,  Operculina,  Soldania,  Planorbulina,  Rotalia, 
Trochulina,  ?Spirulina,  Calcarina,  Pleuro- 
trema,  Planulina,  Discorbis^Oraphalophacus, 
?  Gyroidina,  Truncatulina,  Lenticulina,  No- 
nionina,  Cristellaria,  Siderolina*,  Dendritina, 
Robultna,  Anonralina,  Saracenaria,  Cassidu- 
lina. 

PtlCATILlA. 

Gen.  6.  Biloculina,  Spiroloculina,  Triloculina,  Arti- 
culina,  Quinqueloculina,  Adelosina. 

ASTEROOISCINA. 

Gen.  5.  Asterodiscus,  Lunulites,  Orbitulites,  Cupu- 
laria,  Flustrella. 

SORITIKA. 

Gen.    2,  Sorites,  Ampliisorus. 
Frumentarina. 

Gen.    3.  ?  Dactyloporai  ?  Ovulites,  ?  Polytripe. 
Helicosorina. 

Gen.  5.  Pencroplis,  Pavonina,  Vertebralina,  Orbicu« 
lina,  ?  Hetero3tegina. 
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F'ainUia    XL    Hbucotbochina. 

Gen.   3.  Poly8tomeUay?Ainphi8t^na,?Geopoi 
Familia  XII.    Alveolinea. 

Gen.    2.  Melonia,  Alyeolina. 
Pamilia  XIII.    FABVLAaiNA. 

Gen.   2,  Fabularia,  Cosdno^pira. 

Ordo  IL—Gtmnocorje. 

Libere  vagantes,  nudas. 

Pamilia        I.    Cristatellina. 

Gen.    2,  Cristatella»  Zoobotryon. 

Ordo  III. — Trallopodia. 

Stolonibus  thallove  membranaceo  affixa,  incnistanUa 

nee  adnata,  sed  loricata. 

Pamilia        I.     Halcyonellea. 

Gen.  8.    Halcyonella,  Vesicularia,  Bowerbankia, 
rella  (=  Lagenelia)  •,  Valkeria,  Step 
dium,  n.  G.,  Dynamene,  Halodaetylu 
Alcyomdium), 
Pamilia      II.    Cornularina. 

Gen.  1.    ?Coraularia. 
Pamilia     III.    Escharina. 

Gen.  5.    Eschara,    Melicertina    ( =   Melicerii 
Crisia,  Acamarchis,  Notamia. 
Pamilia     IV.    Celleporina. 

Gen.  5.    Cellepora,  Fliutra,  Membranipora,  B 
phusy  n.  G„  Apsendetia. 
Pamilia       V.    Auloporina. 

Gen.  I.    Tubulipora. 

Ordo  IV.— -Scliropodia. 

Stolonibus  destituta,  excreto  fblcro  axique  anorganicis 
firmiter  affixa  eisque  fruticulosa. 

Pamilia       I.    Mtrioporina. 

Gen.  9.    Hornera,  Idmonea,  Retipora,  Distichc 
Mj^riopora,  Tilesia,  Cricopora»  Ceric 
Spiropora. 
Pamilia      II.    ?  Antipathina. 

Gen.  1.    Antipathes. 

*^  The  two  last  orders,  the  Thallopodia  and  Scleropo< 
e  author  observes,  *<  are  considerably  richer  in  forms, 
would  be  very  easy  by  an  uncritical  compilation  to  enl 
eatly  the  number  of  names ;  but  such  confusion  has 
oduced  in  names  by  Lamouroux  and  later  writers,  the  t 
dy  being  often  designated  by  many  new  names,  that  I 
>t  venture  to  extend  my  judgment  further  at  present.  \ 

*  The  name  Lagenelia  was  appropriated  to  an  infuiorial  form  in  ] 
\  MeHcerta  is  already  employed  among  the  Radiaria,  Melicertum 
i  Acalepha,  MeUcerita  is  not  correct  in  language. 
Perhaps  hereafter  it  may  be  advisable  to  substitute  TextUaria  for 
aria,  rofystomatium  for  rolyatoioellm  Q/clodiscui  for  IHscorbis,  &c 
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has  been  odyanced  will  suffice  to  show  clearly  the  position  of  the 
Polythalamia,  such  as  it  appears  to  me,  in  the  animal  kingdom." 

On  Chalk  and  Chalk  Marl. 

The  memoir  on  the  chalk  and  chalk  marl  is  distributed 
under  the  following  heads : — 

1.  Historical  Introduction,  pp.  59 — 68. 

2.  New  method  of  observing,  pp.  68 — 70. 

3.  On  calcareous-shelled  organisms,  invisible  to  the  naked 
eye,  as  the  principal  constituents  of  writing  chalk,  pp.  70 — 74. 

4.  On  Chalk  Marl  and  its  relations  to  Chalk,  and  to  the 
Flints  of  the  Chalk,  pn.  74—87. 

5.  On  the  compact  limestone  of  Upper  Egypt  and  Arabia, 
as  formed  by  the  rolythalamian  calcareous  animalcules  of  the 
White  Chafk  of  Europe,  pp.  87—90. 

6.  On  the  principal  organic  calcareous  forms  which  con- 
stitute all  chalk,  ana  the  local  differences,  pp.  90-^95. 

7.  Preliminary  view  of  new  researches  respecting  living 
Polythalamia,  and  their  relation  to  the  formation  of  the  sana 
of  Sea  Downs,  pp.  96 — 106. 

8*  Application  of  the  preceding  observations  to  the  system- 
atic distinctions  of  Polvthalamia,  with  a  tabular  view  of  the 
Bryozoa,  according  to  their  orders,  families  and  genera,  with 
their  characteristics,  pp.  107 — 121. 

(N.B.  Of  this  tabular  view  I  have  given  a  transcript  above.) 

9.  On  the  geographical  distribution  of  living  Polythalamia 
on  the  African  and  Asiatic  coasts  of  the  Mediterranean,  and 
in  the  Red  Sea,  with  a  tabular  view  of  the  genera  and  species, 
pp.  121—127. 

10.  A  concise  Diagnosis  of  the  new  families,  genera  and 
species, 

1.  Of  the  siliceous  Infusoria  of  the  chalk  marl,  con- 

taining thirty-one  new  species,  of  which  seventeen 
species  belong  to  five  new  genera,  and  fourteen 
species  to  five  former-known  genera,' pp.  128 — 130. 

2.  Of  the  calcareous-shelled  Polytlialamian  animalcules 

of  the  chalk  and  sea  sand,  sixty-seven  new  species, 
beside  two  new  species  from  the  Jura  (Oolite)  lime- 
stone, pp.  130—135. 

11.  A  summary  view  of  the  conclusions  drawn  from  the 
preceding  expositions,  pp.  135«— 139. 

12.  Explanation  of  the  Plates,  pp.  140—147. 

13.  A  tabular  view  of  the  organic  bodies  invisible  to  the 
naked  eye,  which  form  the  chief  constituents  of  chalk,  chalk 
marl,  the  compact  limestone  of  E^pt  and  Arabia,  and  the 
nummulitic  limestone  of  the  Pyramids  of  Oeza  or  Gyaeh. 
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The  reader  being  thus  put  in  possession  of  the  general  sec 
of  the  work,  I  now  proceed  to  exhibit  in  full  the  conclusic 
to  which  the  author  has  been  led  (as  indicated  under  the  he 
of  No.  11),  to  which  I  shall  subjoin  further  extracts  taken  fri 
different  portions  of  the  Memoir,  for  the  purpose  of  gene 
illustration. 

Conclusions* 

1.  Many,  and  probably  all.  White  Chalk  Rocks  are  the  pi 
duce  of  microscopic  coral-animalcules,  which  are  mostly  qu 
invisible  to  the  naked  eye,  possessing  calcareous  shells  of 
to  ^^^  line  in  magnitude,  and  of  which  much  more  than  € 
million  are  well  preserved  in  each  cubic  inch,  that  is,  mu 
more  than  ten  millions  in  one  pound  of  chalk  *• 

2.  The  Chalk  Marls  of  the  Mediterranean  Basin  are  \ 
produce  of  microscopic  Infusoria  possessing  siliceous  shells 
cases,  mostly  quite  invisible  to  the  naked  eye,  interming] 
with  a  small  proportion  of  the  calcareous  animalcules  of  I 
chalk. 

3.  The  peculiar  state  of  aggregation  in  White  Chalk  il< 
not  arise  from  a  precipitate  of  lime  previously  held  in  soluti 
in  the  water  of  the  sea,  nor  is  it  the  result  of  the  accumulati 
of  the  small  animalcules,  but  it  proceeds  from  a  disintegrati 
of  the  assembled  microscopic  organisms  into  much  minu 
inorganic  calcareous  particles ;  the  reunion  of  which  into  : 
gular,  elliptical,  granular  laminae,  is  caused  by  a  peculiar  ci 
stalloid  process,  which  may  be  compared  to  crystallization,  I 
is  of  a  coarser  nature,  ana  essentially  different  from  it.  T 
best  writing  chalk  i$  that  in  which  this  process  has  been  de 
loped  to  the  greatest  extent. 

4.  The  compact  limestone  rocks  also  which  bound  the  N 
in  the  whole  of  Upper  Egypt  and  extend  far  into  the  Sahi 
or  Desert,  being  neither  white  nor  of  a  staining  quality, 
well  as  the  West  Asiatic  compact  limestone  rocks  in  the  noi 
of  Arabia,  are,  in  the  mass,  composed  of  the  coral  animalcu 
of  the  European  chalk.  This  affords  a  new  insight  into  1 
ancient  history  of  the  formation  of  Libya  from  Syene  to  t 

*  It  is  to  be  understood  that  I  speak  only  of  such  Polythalamia  as 
well  preserved,  wholly  disregarding  their  fragments.  Of  the  well-preser 
there  are  contained  in  one  fourth  part  of  a  cubic  line,  or  in  one  twelfti 
a  gnun  of  chalk,  frequently  150  to  200  in  number,  equal  to  600-8(H 
each  cubic  line,  or  1800>£400  in  each  grain,  and  from  1. 036.000 
1,382,400  in  each  cubic  inch ;  and  hence  in  one  pound  of  chalk  the  ni 
ber  far  exceeds  ten  millions. 

The  larger  Polythalamia  and  Bryozoa  of  the  chalk  are  best  obtained  fr 
the  sediment  produced  by  brushing  the  chalk  under  water ;  the  entii 
microscopic  forms  remain  long  suspended  in  water. 
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asy  and  of  Arabia  from  Sinai  to  Lebanon,  thus  opening  a 
l^e  field  to  organic  distribution. 

I.  Many  of  the  chalk-like  formations  bordering  on  the  Me- 
^rranean  in  Sicily,  Barbary  and  Greece,  really  belong  to 

period  of  the  European  chalk  formation,  as  proved  by 
ir  organic  contents,  although  commonly  held  to  be  differ* 
from  the  chalk,  and  considered  as  tertiary  *• 
»•  The  chalk  beds  of  the  South  of  Europe,  around  the  ba- 
of  the  Mediterranean,  are  distinguished  from  those  of  the 
tb  and  east  of  Europe  by  numerous  well-preserved  chalk 
malcules,  and  less  numerous  inorganic  laminae;  while  in 
north  and  east  of  Europe  these  relations  are  reversed  f. 
\  In  the  South  of  Europe  the  beds  of  marl  which  alternate 
li  the  chalk  consist  of  siliceous  shells  of  Infusoria,  and  flints 
wanting;  while  in  the  North  of  Europe  beds  of  flint  al* 
late  with  the  chalk,  and  marls  with  Infusoria  are  wanting, 
is  exchange  of  character  tends  to  explain  the  peculiar  re- 
on  of  flint  to  chalk,  indicating  that  the  pulverulent  sili- 
us  particles  of  Infusoria  have  been  converted  into  compact 
lules  of  flint. 

I.  It  has  been  lately  remarked  that  thechalk  which  con- 
is  flints  is  deficient  in  numerous  siliceous  Infusoria,  when 
ipared  with  the  Bilin  slaty  Tripel  or  polishing  slate  (Po-> 
chiefei')  containing  semi-opal ;  but  this  deficiency  now  dis- 
lears,  and  a  rich  substitute  takes  its  place,  the  Infusoria  in 
North  of  Europe  having  been  employed  in  the  formation 
flints;  while  in  the  south,  remaining  unchanged,  they  are 
served  in  the  Infusoria  marls. 

I.  The  chalk  animalcules  resemble  most  those  of  the  sea* 
d  and  the  Miliolites,  which,  up  to  the  present  day,  have 
n  ran^d  among  the  Mollusks  with  the  Cephalopods;  but 
iher  ot  these  are  either  Cephalopods  or  Mollusks,  nor  even 
iisoria  (as  asserted  by  a  late  observer) ;  but  they  are  Bry- 
a,  animals  of  Moss-corals,  which  are  most  nearly  related 
B*lustra  and  Eschara. 
0.  The  sea  downs  of  some,  and  probably  of  most  coasts, 

still  in  course  of  formation  by  living  Bryozoa,  which, 
ugh  very  small,  resembling  grains  of  sand,  are  yet,  for  the 
St  part,  larger  than  the  chalk  animalcules,  and  a  large  pro- 

In  Sicily,  however,  there  occur  many  breccias  of  chalk,  which  have 
ired  a  subsequent  change,  and  may  be  referred  to  the  tertiary  epoch. 
Thus  in  the  white  and  yellow  soft  writing  chalk  of  the  North  of  Europe 
inorganic  crystalloid  portions  sometimes  equal  or  rather  exceed  in  mass 
organic  remains ;  but  in  the  South  of  Europe,  in  Sicily,  these  organisms 
I  their  fragments  are  greatly  predominant,  consisting,  as  it  appears,  ex. 
Ively  of  well-preserved  Polytnalamia. 
%7.  Mag.  &  3.  Vol.  18,  No.  118.  May  1841.         2  C 
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portion  of  the  sand  of  the  Libyan  Desert  has  been  prove 
consist  of  such  grains.  It  is  only  in  Nubia  above  Syene 
the  desert  sand  becomes  a  pure  detritus  of  granite*. 

1 1.  In  the  various  countries  of  the  earth  in  which  occur  v 
and  earthy,  as  well  as  coloured  and  compact  rocks,  comp 
of  microscopic  calcareous  animalcules,  the  genera  and  sp 
of  these  animalcules  present  so  striking  an  agreement 
those  of  the  white  chalk  of  Riigen,  that  they  may  we) 
deemed  characteristic  of  one  and  the  same  period  of  g< 
ffical  formation.  It  cannot  be  asserted  for  a  certainty 
Uie  same  forms  have  been  observed  any  where  elsef* 

12.  In  the  beds  subjacent  to  and  more  ancient  than 
chalk,  namely,  in  those  of  the  Oolite  or  Jura  limestone 
mation,  we  have  also  clear  evidence  of  the  existence  of  < 
microscopic  Polythalamia.   These,  however,  are  such  as 
not  hitherto  been  found  anywhere  in  the  chalk. 

18.  The  early  assertion  that  all  limestone  was  the  pro 
of  animals:]:,  though  resting  on  no  sufficient  foundation, 
therefore  justly  held  in  slight  regard  by  modem  geolo| 
yet  now  deserves  every  attention,  since  it  clearly  appears 
a  limestone  formation  widely  extended  on  the  surface  oi 
earth  is  composed  of  microscopic  animals,  visibly  conv< 
in  a  gradual  manner  into  inorganic  chalk  and  compact  1 
stone.  If  similar  pheenomena  appear  also  in  the  Jura  1 
stone  formation,  and  should  become  still  further  confin 
these  considerations  (combined  with  the  long-known  exist 
of  coarser  corals  and  shells  in  both  formations)  tend  to  s 
how  necessary  it  is,  when  examining  the  composition  of  any 
siderable  portion  of  the  solid  mass  of  the  earth,  to  streng 
our  natural  senses  by  artificial  means,  in  order  to  obtain  \ 
stinct  knowledge  of  the  extent  to  which  organic  life  may 
contributed  to  its  production. 

14.  The  extreme  minuteness  of  the  chalk  animalcules  is 
kingly  proved  by  this,  that  even  in  the  finest  levigated  wh 
multitudes  of  them  are  still  present,  and  may  be  applied  i 
out  sufiering  change  to  the  most  varied  technical  purp* 
Thus  in  the  chalk  coating  given  to  painted  chambers,  pi 
or  even  glazed  visiting-cards  (when  not  coated  with  white 

*  On  these  very  interesting  and  not  easily  developed  relations,  1 
at  a  future  day,  to  be  able  to  make  a  more  apecial  communication. 

f  If  I  have  applied  the  same  name  in  some  cases  both  to  aniroalcu 
the  chalk  and  to  forms  existing  in  the  present  sea-sand,  or  in  recent 
beds,  it  has  arisen  partly  from  my  being  unacquainted  with  the  on'ginal 
of  the  latter,  and  partly  from  my  desire  not  to  create  unnecessary  pei 
it^  by  the  adoption  of  new  names.  It  should  be  observed  that  they  a 
stinguished  by  marks  of  interrogation.  AH  those  which  I  could  really 
pare  were  different. 

:  By  Linnsus  in  1745  and  1748,  and  Buffon  in  1749. 
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lone),  may  be  seen  a  pretty  mosaic  of  well-preserved,  moss- 
oral  animalcules,  but  which  are  invisible  to  the  naiced  eye. 
knd  thus  our  natural  vision  receives  from  such  a  surface  the 
mpression  of  the  purest  white,  little  deeming  that  it  contains 
he  bodies  of  millions  of  self-existing  beings,  of  varied  and 
beautiful  forms,  more  or  less  closely  crowded  together  (as  in 
'late  IV.,  where  the  subjects  are  magnified  SOO  times). 

Explanation  of  the  Plates  and  Tabular  View. 

The  Memoir  is  accompanied  by  four  Plates*^  presented  with 
he  view  of  facilitating  a  comparison  between  the  organic  re- 
adons  of  minute  fossU  bodies  invisible  to  the  naked  eyei  and 
hose  of  still  living  bodies  visible  to  the  naked  eye. 

Thus  the  first  three  Plates  exhibit  recent  small  bodies  natu- 
ally  visible,  with  which  the  naturally  invisible  forms  of  the 
burth  Plate  may  be  readily  associated. 

The  first  three  Plates  serve  also  to  elucidate  the  true  nature 
if  the  Polyihalamia  (hitherto  mistaken),  showing  their  greater 
iffini^  to  the  Bryozoa  (Flustra)  than  to  all  other  animal 
brms,  and  in  particular  the  great  difference  there  is  between 
hem  and  Cephalopods  and  Infusoria.  Thev  represent  partly 
he  unfolded,  sof^  external  parts  of  living  subjects,  and  partly 
lead,  naked  bodies,  artificially  divested  of  their  calcareous 
belly  and  not  hitherto  figured. 

Lastly,  these  first  three  Plates  serve  to  convey  a  view,  ac- 
xnrding  to  some  of  their  principal  divisions,  of  the  structure 
tf  the  whole  group  of  forms  occurring  in  Polythalamia^  and 
D  particular  to  illustrate  their  frequent  assemblage  in  families, 
nr  Polyparies,  as  they  are  termed.  Plate  I.  contains  simple 
brms;  Plates  11.  and  III.  composite  or  family  forms,  Poly- 
Muies;  of  which  Plate  II.  contains  family  forms  assembled  in 
linale  rows,  and  Plate  III.  family  forms  arranged  in  many  rows. 

1^  as  already  observed,  we  examine  a  wall  or  paper  whitened 
rith  finely  levigated  chalk,  or  a  glazed  visiting-card  not  coated 
rith  white  lead  alone,  but  also  with  chalk,  they  would  appear, 
rhen  magnified  SOO  times,  more  or  less  rich  in  subjects,  as 
epresented  in  Plate  IV. 

Plate  I.  contains  simple  recent  Polythalamia  from  the  sea* 
land  of  Rimini.  Fig.  1.  Rotalia  Beccarii;  the  shell  only  was 
Lnown^  but  the  figures  show  also  the  form  of  the  animal  when 
leprived  of  its  shell  by  an  acid^  the  form  of  both  being  the 
lame.  Fig.  2.  Marginulina  Raphanns  {Nodosaria  Raphanus^ 
Wautiltis  llaphanus  priotiim)^  also  very  common  at  Rimini 
ind  other  Italian  coasts,  and  which  had  hitherto  been  errone- 
msly  ranked  with  Orthocera. 

Plate  11.  contains  Polyparies  of  recent  Polythalamia  assem- 


e  XI.  coniams  iroiyparies  of  receni  roiymaiamia 

*  These  plates  do  not  accompaoy  Mr.  Weaver's  paper. 
2  C2 
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bled  in  single  rows^  from  the  Red  Sea  and  the  Mediterranea 
The  two  subjects  represented  in  this  Plate  were  collected  I 
me  in  the  year  182S9  and  it  is  peculiarly  interesting,  throu| 
my  newly-discovered  method  of  observing*,  to  have  be< 
able  to  see  in  several  divisions  of  the  internal  body  tl 
remains  of  the  siliceous  Infusoria,  of  which  they  had  made 
repast  fifteen  years  before.  Fig.  1.  Peneroplis  planatus^  d'O 
bigny,  Nautiltis  planatus  of  Fichtel  and  Moll,  from  the  Rt 
Sea.  The  shells  of  this  animalcule  were  hitherto  only  know 
but  the  soft  or^nic  animal  form  which  they  inclose  is  bereal 
represented.  Fig.  2.  Coscinospira  Hemprickiij  a  form  fro 
the  Red  Sea,  also  found  in  the  Libyan  part  of  the  Meditc 
ranean,  and  which  was  formerly  erroneously  placed  adjoinii 
the  Spirula  of  the  Cephalopods,  and  more  recently  as  co 
nected,  through  Lituolites  nautiloides^  with  Spirolina, 

Plate  III.  contains  Polyparies  of  recent  Polythalamia  asse\ 
bled  in  many  rams.  This  Plate  contains  the  only  living  ai 
malcule  of  the  Polythalamia  group,  hitherto  so  far  observe 
as  to  admit  of  its  classification.  The  three  forms  given 
this  Plate,  constructed  of  many  rows  of  animalcules,  may  1 
distinctly  associated  with  the  Flustra  and  Eschara  of  tl 
Bryozoa,  to  which,  through  the  well-known  Lunidites  ai 
Orbitulites  (hitherto  ranked  with  coral  animals),  they  approi 
mate  in  a  convincing  manner.  Fig.  1.  Orbiculus  mtmismal 
from  the  sea-sand  of  the  Antilles  Isles.  Fig.  2.  Sorites  c 
bictdus  =  Nautilus  orbiculus^  Forsk&l,  Nummtdina  [Assilin 
nitiday  d'Orbigny,  ?  from  the  Red  Sea.  The  same  speci 
lives  also  in  the  Mediterranean.  In  a  part  magnified  S' 
times  we  see  the  animalcule  with  eight  feelers  protruding  frc 
its  cell.  In  some  of  the  cells  may  be  seen  distinct  shells 
siliceous  Infusoria;  in  others  appear  oviform  globules.  Fig. 
Amphisorus  Hemprichii  closely  resembles  the  Sorites ;  but 
has  cells  on  both  sides  bearing  single  animalcules,  and  hen 

*  The  new  method  of  observing  is  the  following : — Place  a  drop  of  wa 
upon  a  lamina  of  mica,  and  put  into  it  of  scraped  chalk  as  much  as  « 
cover  the  fine  point  of  a  knife,  spreading  it  out  and  leaving  it  to  rest  a  f 
seconds ;  then  withdraw  the  finest  particles  which  are  suspended  in  I 
water,  together  with  most  of  the  water,  and  let  the  remainder  become  p 
fectly  dry.  Cover  this  remainder  so  spread  out  with  Canadian  baitam,  t 
turpentine  of  the  Piniu  (Abies)  baltantea,  and  hold  it  over  a  lamp  until 
becomes  slightly  fluid  without  froth.  A  preparation  thus  made  8eld< 
fails,  and  when  magnified  300  times  in  diameter  we  see  that  the  mass 
the  chalk  is  chiefly  composed  of  minute  well-preserved  organisms.  In  t 
preparation  all  the  cells  of  the  Polythalamia  appear  at  first  black  will 
white  central  spot,  which  is  caused  by  the  air  contained  in  the  cells,  whii 
as  is  well  known,  appear  under  water  as  annular  black  bodies;  but  by  « 
grees  the  balsam  penetrates  into  all  the  single  cells,  the  black  rings  of  t 
air  vesicles  disappear,  and  we  recognize  all  the  small  cells  of  the  Polytl 
lamian  aqimals^  often  presenting  a  very  pretty  appearance. 
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the  discs  are  twice  as  thick  as  in  Sorites.  If  we  compare  So^ 
rites  with  Ftusira,  we  may  place  Amphisortis  by  the  side  of 
Escharay  but,  being  both  free  moving  bodies,  they  are  different 
from  them. 

Plate  IV.  contains  the  invisible  animalctdes  of  the  chalk 
and  chalk  marl^  displayed  in  twelve  specimens  of  rock ;  1  to  9 
beinff  portions  from  the  chalk,  and  10  to  12  from  the  chalk 
marl,  magnified  300  times.  In  these  specimens  the  calcare- 
ous Polythalamia  amount  to  sixteen  species,  and  the  siliceous 
Infusoria  to  twelve  species,  with  siliceous  spicula  of  sponges. 
The  twelve  localities  from  which  these  specimens  of  the  rock 
masses  were  derived  are  the  following:— No.  \  to  5,  writing 
chalk  I  namely,  1.  from  Puszkary,  in  Poland,  opposite  Grod- 
no, from  the  shore  of  the  Memel ;  2.  from  Jiitland,  in  Den- 
mark ;  3.  from  the  island  of  Riigen  in  Pomerania ;  4.  from 
Gravesend,  on  the  Thames;  5.  from  Meudon,  near  Paris; 
Jirmer  writing  chalk.  No.  6,  from  Cattolica  in  Sicily;  com^ 
pacti  not  writing  chalk.  No.  7,  from  the  Mokattum  hills  near 
Cairo;  and  No.  8,  from  the  Catacombs  of  Thebes  in  Upper 
Egypt;  compact  gray  limestone^  No.  9,  from  the  mountain 
mass  of  Hamam  Faraun  in  Sinai,  Arabia;  chalk  marl^  No. 
10,  from  Gran  in  Africa;  No.  11,  from  Caltasinetta  in  Sicily; 
No.  12,  from  Greece. 

In  the  general  table  indicated  above,  under  the  head  of  No. 
13  of  the  contents  of  the  memoir,  a  list  is  given  of  the  princi- 
pal forms  of  the  invisible  organic  bodies  which  constitute 
the  rocks  from  which  the  twelve  above-mentioned  specimens 
were  taken,  as  well  as  the  chalk  of  Brighton,  the  chalk  marl 
of  Zante  in  the  Ionian  Islands,  and  the  nummulite  limestone 
of  the  Pyramids  of  Geza  in  Egypt.  From  this  it  results  that 
the  principal  forms  in  these  rocks  consist  of  twenty-five  spe- 
cies of  calcareous-shelled  Polythalamia,  thirty-nine  species  of 
siliceous-shelled  Infusoria,  seven  species  of  soft-shelled  Infu- 
soria of  the  flints,  and  five  species  of  siliceous  plants. 

The  twenty- five  species  of  calcareous-shelled  Polythalamia, 
belonging  to  eight  genera,  are  the  following: — 

Y\\xsite\\sL  concentrica\  Globigerina  fo///o/rff 5 ?,  G.helicina?; 
Planulina  sicula,  P.  *turgida;  RohuVma  cretacea;  Rosalina 
^oveolata,  R.  globidaris?,  K.  ^Icevigata,  B,.pertusa;  Rotalia 
*globulosaj  R.  ocellata^  R.  omata,  R.  perforata^  R.  scabra, 
R.  stigma ;  Textularia  aciculata  ?,  T.  *asperaj  T.  brevis^  T. 
*dilataiaj  T.*globulosaj  T, perforata,  T.spinosa,  T.* striata; 
Turbinulina  italica?  Quinqueloculina?  from  Benisuef,  is 
doubtful.  N.B.  Texttdaria  globulosa,  when  in  fragment^  is 
not  easily  distinguished  from  Rotalia  globulosa ;  and  in  like 
manner  the  fragments  of  Textularia  perforata  may  be  con- 
founded with  Rotalia  perforata. 
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The  thirty-nine  species  of  siliceous-shelled  Infusoria  beloi 
to  fourteen  genera,  and  are  as  follow : — 

Actinocyclus  temariuSi  A.  *quatemariuSf  A.  ^quinariuSf . 
senaritiSj  A.  septenariusj  A.  octonariusy  A.  denarius \  Coccor 
ma  Cretije;  Cornutella  clathrcUa;  Coscinodiscus  Argus^ 
centralist  C.  lineatuSf  C.  ^minor,  C.  *  Patina;  DenticellaFr 
gilariaf  D.  tridens;  Dictyocha  Fibula^  D.  Navicular  D.po^ 
actiSf  D.  spectdum^  D.  stella,  D.  triangula ;  Eunotia  zebr 
Fragilaria  rhabdosoma^  F.  striolata  ?;  Gallionella  aurichalcc 
G.  sulcata;  Haliomma  Medusa^  H.  crenatum;  Litbocam 
lineata^  L.  Radicular  L,  solitaria ;  Navicula  qfricana^  N.  £ 
cillum^  N.  eurysomaf  N.  ventricosa^  N»  sicula;  Pyxidici 
prisca ;  Synedra  t^/na. 

The  seven  species  of  soft-shelled  Infusoria  of  the  flints  I 
long  to  three  genera,  and  are  the  following: — Chaetophi 
Pyritce;  Peridinium  pyrophorum-f;  Xanthidium  bulbosum^ 
Jurcatum,  X.  hirsutum,  X.  ramosum^  X.  tubfferum. 

The  five  species  of  siliceous  plants  belong  to  two  gene 
namely,  Spongia  {Tetkya?)  aciddosa,  S,  cancellata^  S.  *C 
brum^  S.  binodis ;  Spongilla  ( Teth^a  ?)  lacustri^. 

Of  these  principal  forms  the  before-mentioned  rocks  parU 
in  the  proportions  as  stated  below :  namely, 


The  Chalk  of 

Puszkary  contains  ... 

Riigen 

Jutland    

Gravesend  

Brighton 

Meudon  

Cattolica  

The  Chalk  Marl  of 

Caltasinetta    

Oran    

Zante  

tjf  rficcc 
The  Compact  Chalk  of 

Egypt 

Arabia 


The  Numtnulite  LmeiUme  of 
The  Pyramids  of  Geza 


Specie!  of 

Calojureouf 

PolythalamU. 


6 
7 
6 
6 
7 
9 
9 

7 

5 
3 

8 
6 

6 


Species  of  Inftuoria. 


Siliceoui,    Soft.«lieUed 
iD  Chalk,      in  FlinU. 


5 
4 

2 


Sittoeouf  Inliiaoria. 

«7 
18 

8 

9 


Plants. 


4 

1 

1 


Containing  4  species  of  N 
mulite,  the  lareest  of  wl 
is  one  inch  in  diaroeter. 


t  Peridimum  delkiente  has  hitherto  been  found  only  in  flint  pel 
near  Delitssch,  yet  accompanied  with  forms  that  are  common  in  the  i 
of  the  chalk. 

%  In  the  preceding  lists,  the  species  which  are  marked  with  an  asteri 
are  those  which  most  frequently  occur,  forming  the  masses  of  the  re 
The  RotaUa  globuloia  occurs  in  all  the  localitief . 
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On  the  Chalk  Marl^  and  its  relations  to  the  Chalk  and  its 

Flints. 

The  whole  coast  of  Oran  in  Africa  appears  to  belong  to 
he  chalk  formation,  composing  the  plain  east  of  the  town, 
md  extending  thence  to  the  AUas.  The  marl  brought  from 
hence  as  tertiary  by  M.  Rozet  in  great  Quantities  I  had  an 
opportunity  of  examining  in  Paris,  and  I  found  not  only  Po- 
irschiefer  and  an  Infusoria  conglomerate,  but  calcareous  ani- 
oalcules  of  the  same  species  as  occur  in  the  chalk  of  Poland, 
iiigen,  Denmark,  and  Paris,  and  which  there  mainly  contri- 
bute to  its  mass.  It  thus  appeared  that  the  so-called  tertiary 
brmation  of  the  coast  of  Barbary  might,  without  much  hazard, 
>e  brought  into  a  nearer  connexion  with  the  chalk.  In  his 
lescription  of  this  tract,  M.  Rozet  states^,  '^  The  tertiary 
brmation  is  extensively  developed  in  Oran,  forming  the  soil 
»f  the  large  plain  on  tne  east  of  the  town,  and  on  the  south 
o  the  Atlas.  It  forms  also  the  sea-coast  to  an  extent  of  3000 
netres  between  Mers  el  Kebir  and  Cape  Falcon,  and  the 
irhole  soil  of  the  adjacent  plain.  The  lower  bed  is  a  blue 
narl,  like  that  which  we  found  at  Algiers  and  within  the  Atlas. 
t  appears  destitute  of  organic  remams.  The  second  or  upper 
leposit  consists  of  marly  and  calcareous  beds  in  alternation} 
brming  a  thickness  of  SO  to  40  metres.  In  the  plain  these 
»eds  are  apparently  horizontal,  as  well  as  in  the  elevated  plain 
if  the  Rammra  hill;  but  in  the  hills  south-west  of  the  town 
if  Kasba  they  are,  on  an  extent  of  two  hours  march,  inclined 
o  the  north,  at  an  angle  sometimes  exceeding  SO^  The  beds 
if  limestone  are  white  and  chalk-like,  yellowish  and  coarse 
p-anular,  usually  forming  the  lower  part,  succeeded  by  others 
iltemating  with  yellow  marls,  which  are  often  slaty  and 
charged  with  sand,  and  between  them  are  found  layers  of 
)streae  and  other  shells.  Among  them  two  beds  are  distin- 
rubhed,  each  one  metre  in  thickness,  composed  of  very  white 
inely-laminated  marl,  containing  numerous  well-preserved 
mpressions  of  fishes,  so  that  in  a  cubic  mass  of  on^  foot  we 
seldom  fail  to  find  three  or  four  fishes.  In  these  beds  of  marl 
bus  enclosing  the  fishes,  other  organic  remains  do  not  appear; 
jut  in  the  calcareous  and  sandy  oeds  which  intervene,  occur 
ayers  of  large  oysters  mingled  with  gryphese.  The  upper 
part  of  this  deposit  is  composed  of  a  calcareous  breccia,  which 
:s  exhibited  at  the  surface  in  the  soil  of  the  whole  plain  on 
the  south-west  of  Oran." 

This  exact  description  of  the  position  and  thickness  of  the 
nrhite  marl  with  impressions  of  fishes,  has  a  reference  to  the 

*  Rozet,  Voyage  dam  la  R4gence  ffAlger^  Paris,  1833.  tome  1.  chiq).  v. 
pp.  6^  63. 
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Infusoria  conglomerate  of  Oran,  to  which  I  have  already  ad- 
verted. It  is  probably  what  formed  the  Tripel  of  the  earlier 
periods  of  Italy.  When  M.  Rozet  speaks  (at  p.  28-30)  of 
the  great  extent  of  the  tertiary  tract  near  Algiers  as  similar 
in  its  relations  to  those  of  Oran,  I  cannot  agree  with  him.  On 
the  contrary,  forming  my  judgment  by  the  organic  remains^ 
I  consider  the  desert  tract  near  Algiers  as  really  composed  of 
a  tertiary  formation,  which  reposes  on  chalk.  This  opinion 
is  founded  on  my  observation,  that  the  tract  in  Libya,  extend- 
ing from  Alexandria  to  Siwa,  is  composed  of  tertiary  beds, 
while  from  Cairo  to  Geza  the  chalk  formation  occurs,  which 
terminates  at  the  granite  of  Syene,  but  is  far  spread  into  the 
Desert.  The  valley  of  Siwa  appears  to  form  the  northern 
boundary  of  the  chalk  in  Eastern  Libya. 

In  the  South  of  Italy,  at  Caltasinetta  and  its  neighbourhood, 
the  relations  had  been  correctly  seized  by  our  late  friend 
Frederick  Hoffmann,  from  whose  diary  I  have  been  favoured 
with  an  extract  by  M.  von  Dechen.  He  represents  the  series 
of  strata  which  occupy  the  greater  part  of  Sicily  as  composed 
of  limestones,  sandstones,  clays,  and  marls;  the  lower  mem- 
bers being  probably  referable  to  the  Jura  formation,  suc- 
ceeded by  such  as  clearly  belong  to  the  chalk,  and  many  beds 
of  which  perfectly  resemble  the liard  chalk  of  the  north-west 
of  Germany  (Teutoburger  Wald).  Among  the  marls  are 
white  chalk-like  thinly  laminated  masses,  analogous  to  Tri- 
pel, designated  by  Hoffmann  as  'white  chalk  marlj  and  which 
especially  occur  in  the  southern  part  of  the  island.  The  beds 
of  the  chalk  formation  usually  dip  20°  to  30%  while  the  strike 
is  nearly  constant,  from  15  to  45®  S.  of  E.  and  N.  of  W., 
parallel  to  the  south  coast.  The  tertiary  beds  which  succeed 
the  chalk  are  composed  of  loose  sand,  friable  sandstone,  tes- 
taceous breccias,  clays  and  limestones.  They  cover  the  chalk 
unconformably,  resting  on  the  truncated  edges  of  the  latter. 
The  chalk  beds  are  upon  the  whole  poor  in  organic  remains, 
and  these  are  seldom  distinct ;  there  occur  Hippurites,  Num- 
mulites,  Lenticulites,  and  in  a  few  places  indistinct  Ammo- 
nites and  Belemnites,  while  the  tertiary  beds  are  quite  filled 
with  innumerable  Mollusks,  of  which  nine-tenths  are  still  li- 
ving in  the  Mediterranean.  This  distinction  is  so  striking  that 
it  scarcely  required  the  difference  of  relative  position  in  order 
to  draw  a  correct  line  between  the  two  formations.  Even  had 
so  circumspect  a  geologist  as  Frederick  Hoffmann  not  cor- 
rectly seized  and  pronounced  with  decision  on  these  local 
relations,  the  numerous  microscopic  siliceous  Infusoria  with 
calcareous  Polythalamia  which  I  have  found  in  the  chalk 
marl  would  have  led  to  the  same  conclusion. 

If  we  compare  Hoffmann's  description  of  this  portion  of 
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icily  with  that  given  by  Rozet  of  the  coast  near  Oran,  we 
nnot  avoid  recognizing  a  similarity  of  relations ;  and  the 
inly  laminated  marly  beds  with  impressions  of  fishes, 
^tween  Caltasinetta  and  Castrogiovanni,  which  Hoffmann 
fers  with  certainty  to  the  chalk  formation,  correspond  to  the 
milar  beds  which  occur  near  Oran,  but  which  were  said  to 
5  tertiary.  And  the  parallel  is  confirmed  by  the  micro- 
opic  siliceous  Infusoria  and  calcareous  animalcules  which  I 
ive  discovered  in  both. 

The  genera  and  species  of  the  siliceous  Infusoria  in  Sicily 
'6  so  similar  to  those  of  Oran  and  Zanle,  that  of  thirty-six 
secies,  four  occur  in  all  the  three  countries,  three  in  Cal- 
sinetta  and  Zante,  seven  in  Caltasinetta  and  Oran,  while  in 
1  of  them  the  Coscinodiscus  Patina  is  greatly  predominant, 
f  all  these  siliceous  animals,  not  a  single  species  has  been 
und  in  the  chalk  of  the  North  of  Europe,  nor  even  in  the 
iits.  On  the  other  hand,  the  calcareous-shelled  animalcules, 
hich  in  the  South  of  Europe  accompany  the  siliceous  ani- 
als,  comprise  about  one  half  of  the  same  species  that  are 
und  in  the  North,  yet  exceeding  them  in  quantity. 

From  the  examination  of  the  organic  constituents  of  the 
lalk  marl  we  learn  the  hitherto  unknown  fact,  that  nume- 
>us  swarms  of  microscopic  Infusoria  were  in  existence  within 
le  period  of  the  secondary  formation  of  the  earth's  surface, 
liefly  belonging  to  such  as  possess  siliceous  cases  or  shells, 
id  which  for  the  greater  part  are  members  of  such  sections 
\  the  Bacillaria  family  as  had  previously  appeared  to  be  con- 
ned to  the  tertiary  or  newest  formations. 

Of  the  thirty-nine  or  forty  species  of  siliceous  Infusoria 
:curring  in  the  chalk  formation,  thirty-four  or  thirty-five 
ive  not  hitherto  been  found  in  the  recent  state ;  but  it  is  re- 
larkable  that  the  remaining  five  or  six  species  so  closely 
^semble  existing  species  of  Uie  present  day,  that  they  present 
3  peculiar  character  by  which  they  could  be  distinguished 
om  them,  and  hence  the  application  of  new  names  appeared 
ladmissible.  They  are,  Eunotia  zebra,  Fragilaria  rhab- 
7Somaj  F.  striolata  ?,  GallioneUa  aurichalca,  Navicula  ventri" 
}saf  Synedra  td?ia*. 

In  the  chalk  itself  only  four  out  of  the  thirty-nine  or  forty 
)ecies  of  siliceous  Infusoria  have  hitherto  been  met  with, 

*  The  indifference  shown  to  climate  bv  Infusoria,  and  the  peculiarity  of 
icir  organic  development,  seem  to  render  it  possible  that  they  might  be 
ore  readily  preserved  through  many  catastroptiesof  the  earth  than  other 
rms.  By  the  faculty  which  they  possess  of  spontaneous  division,  a  single 
dividual  can,  under  very  favourable  circumstances,  be  multiplied  io  the 
mrse  of  a  few  hours  to  the  extent  of  millions. 
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fiely,  Fragilaria  rhabdosoma^  Fragilaria  strioUUa  ?^  Gall 
la  aurichalca^  and  Pyxidicula  prisca.  They  are  very  ra 
1  found  only  in  the  vicinity  of  the  beds  of  flint. 

the  Composition  of  the  Compact  Limestone  of  Upper  Eg;^ 
md  Arabia  by  the  invisible  Animalcules  of  the  White  Gft- 
f  Europe, 

3oth  the  nummulite  limestone  of  the  pyramids  of  Geza 

left  bank  of  the  Nile,  and  the  same  kind  of  rock  on  i 
bt  bank  near  Cairo,  contain  numerous  microscopic  a 
Icules  of  the  chalk,  which  serve  as  a  cement  to  the  Nu 
lites.  I  had  often  examined  microscopically  specinii 
ich  I  had  brought  from  thence,  but  I  did  not  succeed 
arating  and  rendering  visible  the  different  elements  ^ 
lal  clearness,  until  I  applied  my  newly-acquired  practi 
Lcb  was  much  facilitated  by  immersing  these  stones  a  Ion] 
e  in  water.     The  same  result  attended  the  examination 

other  calcareous  rock  masses  of  Upper  Egypt  and  Aral 
»wing  that  the  animalcules  of  the'  cnalk  occupy  iu  a  s 
sing  manner  a  wide  extent  of  country  in  Libya. 
Nummulite  limestone,  wherever  occurring,  has  been  nn 
tally  referred  to  the  tertiary  period,  although  perhaps  of 
onging  to  the  chalk.  In  Egypt  it  possesses  no  great  ( 
t.     On  the  right  bank  of  the  Nile  it  is  deposited  only 

small  hills  near  Cairo,  and  on  the  left  bank,  as  it  appei 
I  tract  extending  from  Siout  to  the  declivity  of  the  co 
:t  limestone,  which  latter  constitutes  the  mass  of  the  ra 
t  line  the  course  of  the  Nile  in  Upper  Egypt.  It  for 
foundation  and  principal  material  or  the  Pyramids.  Nor 
rd  it  is  directly  bordered  by  the  slimy  delta  of  the  Nile, 
ductive  soil  of  Egypt.  Between  the  Oasis  of  Jupiter  A 
n  and  the  Mediterranean,  is  a  wide  elevated  plateau  or  tat 
d  of  rock,  among  whose  numerous  organic  remains  i 
)wn  tertiary  forms.  The  whole  of  Upper  Egypt,  as  far 
jne,  has  a  similar  character.  In  1828,  though  assui 
t  its  limestone  rocks  were  more  ancient  than  we  tertii 
iod,  yet,  from  want  of  distinct  fossils,  I  was  doubl 
ether  they  might  not  be  referred  to  the  Jura  formati< 

the  south,  and  not  far  from  Syene,  this  limestone  is 
(ibent  on  sandstone  (Quadersanclstein  ?),  and  the  two  rep 
granite  and  the  primary  rocks  connected  therewith.  I  gi 
se  views  in  1828  in  the  geologically  coloured  map  wh 
ompanied  the  first  section  of  the  first  volume  of  my  Trav 
Egypt,  Libya,  Nubia,  and  Dongola. 
t  now  results,  from  the  microscopic  examination  which  1 
en  place,  that  the  whole  of  the  limestones  of  Benisu 
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»ut  and  Thebes,  on  the  western  bank  of  the  Nile,  and  of 
iro  and  Kineh  (includuig  the  gray  marl  near  Kineh),  on 
t  eastern  bank,  and  which  inclose  the  Nile  at  an  elevation 
rrequently  100  to  300  feet  above  its  level,  extending  along 
(  river  full  sixty  German  miles  in  length,  are,  like  the 
tmmulite  limestone,  composed  of  an  inconceivable  accumu- 
ion  of  microscopic  calcareous-shelled  animalcules,  which 
^  of  precisely  the  same  genera  and  species  as  those  which 
fistitute  the  chalk  of  Europe.  The  table-land  formed  by 
ise  calcareous  rocks  extends  far  westward  into  the  Desert, 
d  it  is  perhaps  principally  composed  of  them. 
A  new  and  unexpected  light  is  thus  thrown  on  these  exten* 
e  regions.  The  phaenomena  apparent  in  Effypt  may  be 
nnected  with  those  of  Western  Africa.  It  hasten  already 
3wn  that  the  same  animalcules  constitute  the  territory  of 
ran,  stretching  far  along  the  foot  of  the  Atlas;  and  when 
!  consider  the  equality  of  surface  which  prevails  in  the  plain 
the  Great  Desert,  or  Sahara,  of  the  North  of  Africa,  and 
mpare  it  with  what  I  have  myself  seen  along  the  whole  ex- 
at  of  its  eastern  border,  as  well  as  on  a  large  portion  of  its 
rtbern,  we  may  be  well  permitted  to  think  of  a  similarity 
composition. 

But  these  distinct  indications  of  a  similar  organic  influence 
:tend  not  merely  to  the  west  but  also  to  the  east  of  Cairo, 
panded  into  Asia.  The  specimens  collected  by  Dr.  Hemp- 
:h  and  myself  from  Hamam  Faraiiii,  and  Tor  in  the  Sinaian 
^rtion  of  Arabia,  which  I  had  formerly  considered  as  ash- 
ay  marl  and  yellowish-gray  limestone  of  the  tertiary  epoch, 
ire  now  proved,  by  the  new  method  of  examination,  to  con- 
(t  of  quite  the  same  microscopic  chalk  animalcules  as  con- 
tute  the  billy  masses  of  Upper  Egypt  And  from  hence 
is  formation  appears  to  be  continued  eastward  far  into  the 
terior  of  the  Great  Desert  plain,  trending  toward  Palestine ; 
It  on  the  Arabian  coast  of  the  Red  Sea  we  did  not  find  it 
rtlMr  south  than  Tor,  which  loNcality  alone,  among  all  the 
>ints  of  the  east,  yielded  flints  similar  to  those  which  occur 
the  European  chalk. 

We  have  here  to  remark  on  the  absence  of  siliceous  animals 
this  limestone  and  marl  formation,  while  the  so-called 
gyptian  pebbles  and  jaspers  occupy  the  same  position  in 
)rizontal  layers  as  the  flints  in  the  North  of  Europe,  appear- 
g  as  their  substitute.  But  in  these  jaspers  the  organic  siii- 
sous  elements  are  no  longer  to  be  distinctly  found  by  reason 
'  their  intermixture  with  other  substances,  and  their  conse- 
iient  opacity,  giving  rise  to  dendritic  and  other  delineations. 
;  seems  as  u  the  solution  and  conversion  of  the  organic  into 
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-ganic  in  the  Egyptian  pebbles  {Cailloux  (PEgyj 
ghout  more  perfect  than  it  is  in  many  flints,  althoi 
itituent  elements  of  both  kinds  of  stone  are  very  p 
jite  the  same. 

7  principal  Oiganic  Calcareous  Forms  which  compos 
the  mass  of  all  Chalk, 

what  has  been  already  stated,  it  is  evident  that  i 
ion  of  the  calcareous  mass  of  the  chalk  is  not  to 
id,  as  formerly  conceived,  to  the  larger  organic  bodi 
le  minuter,  and  in  the  greatest  measure  to  such 
iible,  consisting  of  eight  genera  of  Polythalamia  w 
ive  species,  and  excluding  all  such  as  may  be  dist 
by  the  naked  eye,  that  is,  exceeding  ^^^th  of  a  line 
de ;  the  latter,  however,  are  comparatively  rare. 
Je  that  several  other,  and  perhaps  many  species  of  i 
nera,  may  yet  be  discovered  in  the  chalk,  as  well 
3nera,  since  the  investigations  hitherto  made  coi 
applied  to  a  minimum  of  its  substance ;  yet,  as  tin 
[iducted  by  me  on  chalk  from  many  regions,  it  di 
!ar  probable  that  other  sections  of  the  animal  kir 
1  be  found  to  have  taken  so  great  a  share  in  the  for 

chalk  as  the  Polythalamia,  the  principal  prevaili 

which  I  have  indicated. 

the  preceding  it  is  also  apparent  that  the  chalk  roc 
untries  agree  in  their  constituent  organic  forms  i 
ording  to  the  zoological  class,  but  also  in  genera,  a 
nost  part  in  species  likewise ;  this  character  being  i 

to  the  white  tender  writing  chalk  of  Europe,  butc 
also  to  the  compact  limestone  rocks  of  the  North 
Lud  the  West  of  Asia.  Particularly  striking  is  t 
ristic  persistence  of  single  forms  through  iHl  th< 

and  widely-separated  countries.  Thus  in  all  of  th< 
3  found  Rotalia  globidosa^  with  Texttdaria  globuloi 
lata  Pj  and  2\  striata^  as  well  as  Plamilina  turgic 
ng  a  common  character  to  all  these  rock  formation 
character  becomes  the  more  important,  when  we  co 
it  these  forms  are  the  most  numerous,  and  in  fact  n 
•  constituents  of  the  chalk*. 

the  question  be  asked  whether  the  forms  which  occ 
nasses  in  chalk  belong  to  it  exclusively,  and  are  hen 
isidered  characteristic  of  that  formation,  I  am  almc 

to  reply  in  the  affirmative.     The  analogous  fori 

biythalamian  forms  which  Mr.  Lonsdale  noticed  in  the  Engl 
)37  as  visible  to  the  naked  eye,  and  amounting  to  1000  in  o 
he  chalk,  and  which,  with  Mr.  Lyell,  he  has  named  Lentkuk 
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which  occur  in  sea*sand|  tertiary  sand,  and  indeed  in  all  mo- 
dern formations,  are  viewed  for  the  most  part  as  different  and 
larger  species,  although  of  the  same  genera ;  and  it  does  not 
appear  that  any  of  tnese  forms  can  be  referred  with  perfect 
certainty  to  such  as  are  now  living  in  the  sea. 

To  the  theory  of  the  formation  of  limestone,  the  observation 
is  important,  that  these  organic  deeply-seated  relations  are 
not  peculiar  to  the  chalk  formation.  Ihe  tertiary  calcareous 
beds  consist,  in  like  manner  with  the  chalk,  of  multitudes  of 
such  Polythalamian  animals,  which  compose  in  many  quarters 
sandy  sea-downs  of  great  extent;  and  even  in  the  sandy  desert 
of  Libya  we  can  recognize  distinct  Polythalamia.  On  the 
other  hand,  having  succeeded  in  discovering  microscopic 
Polythalamia  in  the  compact  flints  of  tlie  Jura  limestone  from 
Cracow,  which  are  of  decidedly  different  forms  from  those 
of  the  chalk,  the  calcareous  animals  being  Nodosaria  urceo^ 
lata,  n.  sp.,  and  Soldania  elegans,  n.  sp.,  and  the  siliceous 
Pyxidicula  priscal,  viiih  fragments  of  soft  sponges,  it  becomes 
apparent  that  such  invisible  organic  bodies  were  also  present 
in  the  formation  of  the  Jura  limestone. 
[To  be  continued.] 

LXIII.  Notice  of  an  undescribed  Native  Subsulphale  of  Iron 
from  Chili.    By  John  Prideaux,  Esq.* 

nPHIS  specimen,  of  which  I  have  not  found  any  description, 
-■•  was  brought  to  Sir  Charles  Lemon's  Mining  School  by 
£dward  Hookham,  one  of  the  students,  having  been  sent 
from  Chili  to  Captain  N.  Vivian,  by  his  son,  without  any 
geological  reference. 

Form,  mammillary,  or  curved  lamellar  about  one-sixth  of 
an  inch  thick.  Structure,  fibrous  parallel,  transverse  to  the 
laminae  ;  fracture  corresponding ;  fibres  crystalline,  but  too 
minute  to  be  easily  definable.  Brittle  in  mass,  fibres  rather 
flexible.     H  2*5 ;  specific  gravity  below  2-5. 

and  DwcorAif  f,  appear,  jiidginc  by  the  figures,  to  be  referable  to  Roialia 
omata  and  R,  globttlosa,  including  perhaps  fragments  of  Textuiaria  globu- 
losa, 

I  may  here  remark,  that  my  continued  researches  on  tlie  Polythalamia 
of  the  chalk  have  convinced  me,  that  very  frequently  in  the  earthy  coating 
of  flints,  which  is  partly  calcareous  and  partly  siliceous,  the  original  cal- 
careous-shelled animal  forms  have  exchanged  their  lime  for  si  lex,  without 
undergmng  any  alteration  in  figure,  so  that  while  some  are  readily  dissolved 
by  an  acid,  others  remain  insoluble;  but  in  the  chalk  itself  all  similar  forms 
are  immediately  dissolved. 

*  Communicated  by  the  Author. 

t  Dr.  Buckland*s  Bridgewater  Treatise,  2nd  Edition,  vol.  i.  p.  448, 
1 837.    Lyell's  Elements  of  Geology,  1838. 
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Lustre  shining,  silky  on  the  fibrous  face;  dull  on  ths 
the  laminae.  Transparency  of  the  laminae  0^  fibres  trai 
cent  Colour  pale  greenish  ^ray ;  externally  yellowish,  1 
adhering  sulphur.  Taste  slightly  acid  and  astringent  j 
odjcnous. 

Solubility.  In  cold  water  little  or  none;  but  the  fibres 
asunder :  on  applying  heat,  the  colour  changes  to  or&n«, 
the  hot  water  dissolves  a  portion,  acquiring  its  taste.  In 
riatic  acid  swells  like  sponge,  assuming  a  rich  orange  col 
and  soon  dissolves,  except  a  little  residue  of  sulphur  and  ei 
By  dry  heat,  in  tube  closed  at  one  end,  the  fibres  sepf 
and  become  orange-coloured,  giving  off*  much  water  ai 
little  sulphur :  by  increased  heat,  sumhuric  acid  is  driver 
and  the  residue  left  red.  In  open  tuoe,  much  the  same 
charcoal,  before  the  blowpipe,  exhales  the  odour  of  sulp] 
and  shrinks  exceedingly,  leaving  a  residue  of  oxide  of  iro 
By  analysis,  Oxygen. 

Peroxide  of  iron 31   ^     9*5 

Sulphuric  acid 26  =:   15*5 

Water  33  =  29* 

Sulphur,  earth  and  loss     10 

100 

the  acid  containing  1*5,  and  the  water  three  times  the  oxi 
of  the  base,  formula  2  Fcg  O3  +  3  S  Og  +  18  Aq,  contai; 
half  as  much  acid  as  the  persulphate  of  iron,  and  a  little 
cess,  to  which  the  sapidity  is  probably  due. 

Its  aspect  and  composition  suggest  the  name  Fibroferr 

J.  Prideai 


LXIV.  Proceedings  of  Learned  Societies. 

OEOLOGICAL  SOCIETY. 

May  27,— 'T^HE  memoir  "  On  the  Classification  and  Distrlbi 
1 840.       X    of  the  Older  Rocks  of  the  North  of  Germany," 
by  Prof.  Sedgwick  and  Mr.  Murcbison,  commenced  at  the  prei 
meeting,  was  concluded*. 

In  an  introduction  of  considerable  length,  the  authors  enter 
historical  review  of  the  different  steps  by  which  they  had  been 
during  the  former  year,  to  place  nearly  sdl  the  older  slates  of  Dc 
shire,  and  a  considerable  part  of  the  slate  rocks  of  Cornwall, 
group  intermediate  between  the  carboniferous  and  Silurian  sysl 
and  therefore  coeval  with  the  old  red  sandstone  of  Hereforda 
To  the  vast  group  of  slate  rocks,  so  defined,  they  proposed  the  i 
of  Devonian  System  ;  and  their  leading  object  in  visiting  Belg 
the  Rhenish  provinces,  the  Hartz,  &c.,  was  to  ascertain  wheth( 
any  of  those  countries  there  was  a  group  of  strata  (no  matter  of  - 
mineralogical  character)  with  Devonian  fossils,  and  in  a  pos 

«  See  L.  E.  and  D.  Phil,  Mag.,  vol.  xvii.  p.  509«-*»£mt. 
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tennediate  between  the  carboniferous  and  Silurian  systems.  Should 
ch  a  group  exist  on  the  continent,  then  would  the  Devonian  sy- 
?m  be  established,  not  merely  on  plausible  arguments  derived  from 

suite  of  fossils,  but  also  on  the  more  direct  evidence  of  natural 
ctions. 

With  these  views  the  authors  endeavoured  (1.)  to  ascertain  the 
ttural  descending  order  of  the  formations  on  the  right  bank  of 
e  Rhine,  between  the  Westphalian  coal-field  and  the  chain  of  the 
aunus.  (2.).  To  ascertain  the  same  order  in  Belgium,  and  among 
e  ancient  rocks  on  the  left  bank  of  the  Rhine,  north  of  the  Hunds- 
ick. 

In  the  course  of  the  summer  they  also  made  (with  similar  objects) 
vend  traverses  through  the  Hartz,  and  one  long  traverse  from  the 
huringerwald  to  the  north  flank  of  the  Fichtelgebirge,  in  the  hope 
'  bringing  into  relation  with  their  previous  observations,  the  country 
hich  has  become  so  celebrated  from  the  labours  of  Count  Munster. 

The  authors  follow  this  order  in  the  descriptive  parts  of  their 
tper.  But  before  commencing  their  detailed  sections,  they  explain 
;  some  length  the  method  of  determining  the  order  of  superposition 
nong  roc^,  like  those  of  Belgium  and  the  Rhenish  provinces, 
hich  are  not  only  much  contorted,  but  often  in  a  reversed  position, 
his  order  of  superposition  can  be  made  out  only  by  sections,  which 
re  of  two  kinds,  vertical  and  horizontal.  Vertical  sections,  where 
le  strata  are  not  inverted,  not  only  indicate  the  natural  group  of 
rata,  but  their  true  order  of  superposition,  both  of  which  may  often 
e  ascertained  on  a  single  line  of  traverse.  But  horizontal  sections, 
lowing  the  intersection  of  successive  groups  of  strata  with  the  ac- 
lal  surface  of  the  country  (and  represented  by  the  colours  of  a 
eological  map),  can  only  be  examined  by  following  the  lines  of 
:rike.  The  colours  of  such  a  section  (if  derived  from  strata  origin- 
Qy  conformable)  must  show  the  masses,  however  contorted,  in  their 
*ue  juxtaposition.  Hence  we  may  define  from  the  horizontal  sec- 
ons  of  a  country  a  true  consecutive  geological  series ;  and  if  the 
slative  age  of  any  two  contiguous  terms  be  known,  the  relative  age 
f  all  the  other  members  of  the  section  may  be  inferred  with  cer- 
kinty,  though  the  formations  be  in  an  inverted  position,  as  seen  on 
ie  line  of  any  one  vertical  section.  It  was  by  this  laborious  method 
f  <<  horizontal  sections,"  or,  to  use  his  language,  by  determining  the 
^metry  of  position  of  the  several  formations,  that  Professor  Du- 
lont  first  disentangled  the  perplexing  phaenomena  of  the  Belgian 
rovinces*.  The  authors,  after  acknowledging  the  great  value  of 
[lis  principle,  state  that  they  endeavoured  never  to  lose  sight  of  it 
1  estimating  the  vidue  and  interpreting  the  meaning  of  the  many 
ertical  sections  they  examined  in  their  long  traverses  through  the 
rovinces  they  describe. 

§  1.  Coal-fields  of  Westphalia,  Sfc. — The  authors  commence  their 
escending  sections,  on  the  right  bank  of  the  Rhine,  with  the  pro- 
iuctive  coal-field,  which  occupies  an  irregular  triangular  area, 
•ounded  towards  the  north  by  greensand  and  cretaceous  deposits, 

*  See  L.  £.  and  D.  Phil.  Mag.,  vol.  xvii.  p.  303.— Edit. 
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)wards  the  south-east  by  older  formations,  afterwards  to  be 
bribed,  and  towards  the  south-west  by  an  irregular  line,  skii 
le  low  country  near  the  Rhine,  and  passing  near  Mulheim,  Ket^ 
V^erder,  and  thence  to  a  point  a  few  miles  north-east  of  Elberi 
a  its  lithological  character  and  fossil  contents  it  is  not  to  b 
tinguished  from  the  coal-fields  of  England.  It  is  affected  by  n 
nticlinal  and  synclinal  lines,  which  have  brought  a  lower  and 
roductive  portion  to  the  surface,  and  thrown  the  productive 
ons  into  a  number  of  irregular  troughs,  ranging  in  the  directi< 
lie  strike,  east-north-east. 

The  lower  and  unproductive  coal-field  is  composed  in  pa 
oarse  grits,  well  exposed  on  the  banks  of  the  R  uhr,  between 
ecke  and  Schwerte,  and  of  yellowish  and  light-coloured  sandst 
nd  grits,  with  thin  seams  of  coal  and  impressions  of  plants ;  anc 
;rata  are  underlaid  by  dark  gray  micaceous  slates  and  thin-ba 
ard  sandstones,  of  great  thickness,  marked  by  many  obscure  im| 
ions  of  small  plants.  The  lowest  member  of  this  series  contains  n 
ark  pyritous  shale  {Alaun  Schiefer  of  the  Germans),  and  reposi 
le  upper  calcareous  zone  of  Westphalia  (mountain  limesU 
everal  sections  are  described  which  confirm  this  order  of 
erposition.  The  authors  then  state  that  this  lower  division  o 
9al-field  is  greatly  expanded  towards  the  north-east ;  that  it  is  1 
(gically  almost  identical  with  the  great  culm-field  of  Devon, 
isemble  it  also  in  its  numerous  impressions  of  small  [^ants. 
le  Flotzlehrer  Sandstein  of  the  German  geologists,  and  had  ] 
3garded  by  them  as  the  highest  member  of  the  graywacke  se 
ut  in  the  recently  published  map  of  Von  Dechen,  it  is  place< 
le  parallel  of  the  millstone  grit  of  England. 

§  2.  Carboniferous  limestone  of  Westphalia  (JBerg'Kalk)^  E 
)c/iiefer,  and  bituminous  limestone^  Sfc, — The  authors  next  describ 
mestone  which  commences  at  Cromford,  near  Ratingen,  and  ra 
ist-north-east  to  Velbert.  Thence  deflecting  to  the  valley  of 
rath,  north  of  Tonnesheide,  it  is  cut  off,  and  does  not  form  a 
nuous  band  (as  represented  in  all  the  German  maps),  with  a  h 
mestone,  which  commences  a  few  miles  further  south,  and  ra 
irough  Metman  to  Elberfeldt.  Near  Cromford  the  limestoi 
dck-bedded,  and  in  its  structure  and  fossils  resembles  the  ^ 
»r-limestoiie  of  England.  For  proofs  the  authors  give  severa 
tiled  sections,  and  quote  published  lists  of  fossils.  In  its  ran| 
le  east  it  becomes  more  cherty,  and  abounds  in  casts  of  the  si 
r  Encrinites,  so  as  to  resemble  the  screw-stones  of  Derbyshire, 
iveral  places  (e,  g.  Isenbugel,  Velbert,  &c.)  the  connexion  of 
mestone  with  the  upper  series  is  well  exposed.  The  upper  be< 
mestone  pass  into  dark  fiat-bedded  fiinty  slate,  which  is  overlai* 
sammite  and  shale,  with  thin  courses  of  fiinty  slate,  and  these 
nder  the  lower  members  of  the  coal-field.  Again,  there  is  at 
ert  a  clear  proof  that  the  limestones,  screw-stones,  and  fiinty  s 
Ip  under  the  alum-slates  of  the  neighbourhood. 

Following  the  strike  of  the  county  still  further  to  the  east, 
mestone  range  loses  its  mineral  character ;  but  a  large  grou 
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ita  (dipping  under  the  alum-slates  above-mentioned,  and  resting 
dark  shales,  like  those  which  form  the  base  of  the  limestone)  oc- 
ij  the  exact  place  of  the  carboniferous  limestone  in  the  transverse 
bions.  The  group  is  characterized  by  dark  flinty  slate  (Kiesel 
\iefer)  and  dark  and  often  fetid  thin-bedded  limestone,  and  so 
sely  resembles  the  culm-limestone  series  of  Devonshire,  that  the 
cription  of  one  formation  might  almost  serve  for  the  other.  Like 
culm-limestone,  it  also  contains  many  Goniatites  and  Possidoniae ; 
I  among  the  latter,  the  Possidonia  Becheri  of  Devon.  It  wants^ 
rever,  the  numerous  species  of  mountain  limestone  fossils  of  the 
Is  above-noticed,  a  fact  which  the  authors  explain  by  a  reference 
,  change  in  all  the  physical  conditions  of  the  deposit.  This  group, 
owing  all  the  sinuosities  of  a  most  contorted  country,  and  some- 
es  doubled  back  upon  itself  for  many  miles  together,  may  be 
!ed  by  its  Kiesel  Schiefer  and  Possidonia  schists,  and  sometimes 
its  black  fetid  limestones,  to  the  eastern  limit  of  the  chain  of  older 
ks  near  Bleiwasche  and  Stadtberge. 

3.  Devonian  Sysiem. — The  authors  next  describe  the  rocks  im-* 
liately  inferior  to  the  carboniferous  groups.  The  mountain  lime- 
te  of  Cromfort,  above-described,  rests  on  dark-coloured  shale,  but 
descending  section  is  much  obscured  by  overlying  deposit.  In 
long  range  of  the  same  series,  from  Elberfeldt  to  Menden,  there 
many  clear  transverse  sections,  exhibiting  in  greater  or  less  per- 
ion  the  following  descending  order. — (1.)  Immediately  under  the 
er  limestone  shales  are  many  reddish  bands,  with  calcareous  con- 
ions,  in  which  the  Possidonia  and  some  of  the  species  of  the 
srior  groups  are  still  found.  (2ndly.)  These  are  succeeded  bv 
ell-marked  range  of  psammites  and  coarse  flagstone.  (Srdly.^ 
m  beneath  the  psammites  rise  a  series  of  shales,  and  bands  of 
nmite  of  dark  colour,  with  here  and  there  thin  courses  of  inferior 
istone,  in  which  we  find  flattened  Goniatites,  and  shells  of  a 
;ies  different  from  those  of  the  overlying  formations,  among  which 
icially  is  noticed  the  TerebraHila  aspera  of  Schlotheim.  These 
therefore,  considered  as  forming  a  part  of  an  inferior  system, 
the  first  and  second  groups  of  the  section  may  be  regarded  as 
le  up  of  beds  of  passage  between  the  carboniferous  system  and 
which  is  below  it.  The  sequence  here  given  is  compared  with 
highest  beds  of  the  Devonian  series,  immediately  under  the  culm 
sures,  and  with  the  yellow  sandstones  of  Ireland  described  by 
GriflSth. 

J  a.  Lower  Limestone  of  Westphalia^  Sfc, — This  limestone  rises 
kediately  from  below  the  third  group  of  the  preceding  section. 
*ange  (from  the  neighbourhood  of  Katingen,  in  the  valley  of  the 
ne,  to  the  confines  of  Hessia)  is  described  in  detail.  Its  changes 
lineral  structure — its  separation  here  and  there  into  two  zones — 
ontraction  in  one  place  and  its  great  expansion  in  another — its 
-mous  fiexures  and  occasional  inversions  of  position — its  re-ap- 
-ance  at  Warstein  and  Attendorn,  in  consequence  of  such  flex- 
^ — all  these  phenomena  are  noticed  in  their  turn.  As  a  whole, 
IS  so  great  a  resemblance  to  the  limestone  of  South  Devon,  that 
hiL  Mag.  S.  3.  Vol.  18.  No.  118.  May  18^1.  2  D 
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ough  large  traotB  of  Westphalia  the  two  could  not,  by  a  serk 
id  specimens,  be  distinguished  from  one  another.  Ine  fossil 
B  limestone  are  very  abundant,  and  several  sections  are  give 
tail,  to  Qhow  their  local  distribution.  Among  the  most  charac 
c  and  abundant  in  these  sections  the  following  are  enumeral 
romatopora  polymorptia^  S.  concentncOy  Favosites  ramoiOj  Fi 
^  polymorphOy  F.  iOimgUesy  F.  Gothlandica^  Strygocephaiui  1 
ly  G^pidium,  Terebratula  agperoy  7\irriteUa  conmaiOy  71  biHn 
chlotheim),  Buceinum  gpinotum  (Sowerby),  &c.  &c  From 
ise  facts,  it  is  inferred,  that  this  lower  limestone  of  Westphalia 
le  Devonian  limestone,  exactly  or  very  nearly  on  a  parallel  ^ 
s  great  limestone  of  South  Devon. 

L^cal  and  detailed  lists  are  added,  and  detailed  sections  are  gi 
[meeting  the  whole  series  both  with  the  upper  and  lower  foi 
ns,  especially  one  from  tiie  Possidonia  schists  and  black  limestc 
Etr  Schelke,  tiirough  the  Devonian  limestone,  and  to  the  k 
mations  exposed  on  the  banks  of  the  Lenne,  towards  Altena. 
s  section  tiiere  is  no  ambiguity,  and  the  defective  evidence  in 
itions  of  Devonshire,  when  we  endeavour  to  connect  the  ci 
Asures  with  the  South  Devon  limestone,  is  here  amply  suppli 
The  authors  then  describe  in  detail  the  sections  at  Patfrath,  i 
insberg,  on  the  right  bank  of  the  Rhine,  near  Cologne,  where 
ne  Devonian  limestone  occurs,  with  a  magnificent  series  of  foa 
position  is,  however,  reversed,  as  it  seems  to  dip  under  the  L 
»ne  near  Bensberg,  which  is  referred  to  the  uppier  part  of  the 
ian  system. 

To  the  same  geological  epoch  the  authors  also  refer  the  con 
ted  metalliferous  deposit  of  Dillenburgh,  and  the  limestones  oi 
Lhn  in  the  country  of  Nassau.  At  the  former  place  the  great  • 
rtions  and  the  extraordinary  intrusions  of  trappean  rocks  make 
iations  difficult ;  but,  considered  on  a  great  scale,  the  vast  fc 
rous  and  calcareous  group  reposes  on  rocks  considered  of  th^ 
rian  age :  it  contains  a  true  Devonian  group  of  fossils,  an^ 
per  portion  at  Herbon  is  surmounted  by  a  Possidonia  schist, 
:tly  identical  with  that  of  Westphalia.  The  limestones  of 
khn  at  Diets,  Weolburg,  Wetzlar,  Ac,  are  still  more  unequivcM 
3voBian ;  and  though  the  alternating  masses  of  limestone  and  m 
s  of  enormous  thickness  (rivalling  in  that  respect  the  whole  a 
limestones  and  slates  in  South  Devon),  and  the  sections  c 
scure,  yet  in  descending  the  Lahn  from  Dietz  to  Nassau  and 
ns,  they  had  a  proof  that  the  calcareous  system  is  underlain 
lurian  rocks.  The  appearance  of  these  Devonian  deposits 
B  eastern  limit  of  the  old  rocks,  on  the  right  bank  of  the  Rhii 
counted  for  by  enormous  undulations,  which  have  repeated 
:ain,  in  three  or  four  great  parallel  troughs,  the  formations  w 
pear  in  their  true  place  in  Westphalm,  on  the  northern  limit  o; 
me  ancient  formations. 

§  4.  Silurian  System^ — The  authors  next  describe  the  erea 
»  of  rocks  which  rise  fh)m  beneath  the  lower  Westphalia  ] 
)ne,  and  state  that  in  the  long  range  from  £lberfeldt  to  Isei 
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deecendiag  order  is  unequivocal.  The  passage  downwards  is 
letimes  effected  by  flagstones,  with  bands  of  shale,  containing 
a  calcareous  courses.  In  other  places,  the  shales  are  more  abun- 
it,  occasionally  becoming  much  indurated ;  and  in  the  range  to- 
rds  the  north-east  (for  example,  near  M eschede)  this  group  be- 
nes  greatly  expanded,  and  contains  many  quarries  of  roofing-slate, 
h  a  true  oblique  cleavage.  This  part  of  the  series  is  compared 
li  the  shales  under  the  Eifel  limestone,  and  with  the  Wissenbach 
bes,  which  underlie  the  Devonian  limestone  series  of  Dillenburg. 
e  great  difference  in  the  development  of  this  group  produces  a 
»t  difference  in  the  fossils,  but  on  the  whole,  they  are  regarded 
forming  a  passage  between  the  Devonian  and  Silurian  types.  A 
of  fossils  is  subjoined,  and  the  authors  regard  the  numerous  60- 
tites  as  rather  connecting  the  group  with  the  overlying  Devonian 
iks;  while  the  trilobites  and  orthoceratites,  &c.,  some  of  which 
mot  perhaps  be  distinguished  from  known  Silurian  fossils,  seem 
link  it  to  the  Silurian  system. 

Below  the  preceding  comes  a  group  of  vast  thickness,  composed 
earthy  schistose  beds,  passing  on  one  hand  into  shale,  on  the  other 

0  coarse  slate,  and  alternating  indefinitely  with  bands  of  psanmutc, 
netimes  passing  into  coarse  arenaceous  flagstone,  sometimes  into 
ck  beds  of  sandstone.  Nearly  throughout  are  occasional  obscure 
^etable  impressions)  and  in  the  upper  part  are  courses  of  lime- 
ne  and  calcareous  bands,  with  innumerable  impressions  of  fossils, 
the  lower  part,  the  limestone  bands  seem  gradually  to  disappear, 

1  the  whole  passes  into  a  formation  of  graywacke  and  graywacke 
te,  in  some  rare  instances  producing  a  good  roofing-slate.  For  many 
ies  south  of  the  undisturbed  range  of  the  lower  Westphalia  lime- 
ne,  the  prevailing  dip  b  about  north-north-west.  The  country 
md  Siegen  is  regarded  as  a  kind  of  dome  of  elevation,  composed 
the  lower  part  of  this  series ;  for  still  further  south  the  dip  is  re- 
sed  to  the  south-south-east ;  and  in  a  traverse  from  Siegen  to  the 
unus,  across  the  strike  (a  distance  of  about  fifty  miles),  the  same 
»  is  continued,  with  very  few  interruptions.  Considering  their 
:h  inclination,  this  fact  seems  to  give  an  almost  incredible  thick- 
e  to  the  deposits  in  question.  But  the  vertical  sections  do  not 
e  the  order  of  superposition ;  for  at  Dillenburg,  and  on  the  Lahn, 
>  great  Devonian  troughs  are  brought  in  among  the  older  strata, 
hout  any  general  change  of  dip ;  and  if  we  accepted  the  vertical 
tions  as  the  sole  proofs  of  superposition,  we  must  place  the  Devon- 

and  a  part  of  the  carboniferous  series  under  the  chain  of  the 
anas.  The  authors  therefore  endeavoured  to  apply  the  method  of 
>fessor  Dumont,  and  found  their  results  confirmed  by  the  sections 
the  lower  Lahn. 

Many  other  local  details  are  given,  and  the  authors  having  deter- 
ged the  geometrical  position  of  the  great  mineral  masses,  next  at- 
(ipt  to  define  their  age  from  their  fossils.  In  the  arenaceous  and 
careous  group  under  the  lower  Westphalia  limestone,  many  spe- 
s  of  the  genus  Pterinea  (Goldfuss),  Homalonotus,  Orthis,  &c.  &c., 
pn  to  prevail.    Along  with  these  are  forms  at  present  unknown 
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in  England,  e.^.  Hysterolites  of  Schlotheim,  and  two  species  o( 
thyris, — D.  tnacroptera  and  D.  microptera  (Gold fuss).  The 
groups  of  fossils  are  found  on  the  banks  of  the  Rhine ;  and 
quarry  near  Unkel  are  many  fossils  of  the  genus  Orthis,  a 
which  were  Cpecten,  O./Uwelluloy  0.  rugom.  Along  with 
was  Terebratula  Stricklanaii^  and  the  group  was  considered  ct 
teristic  of  the  lower  Silurian  rocks  of  England. 

On  a  review  of  the  whole  evidence,  the  authors  place  thi 
succession  of  strata  in  the  Silurian  system,  without  professi; 
separate  the  several  parts  into  distinct  groups,  on  a  parallel  w\\ 
several  groups  of  the  Silurian  system  of  England.  This  is  f< 
den  by  the  absence  of  distinct  calcareous  bands,  and  also  fa 
great  vertical  range  of  some  of  the  fossil  species,  which  are  i 
almost  from  the  highest  beds  to  the  lowest  of  the  whole  s 
Several  lists  of  fossils  are  then  given,  in  confirmation  of  these 
ral  views ;  and  it  is  thence  concluded,  that  the  great  sequen 
coarse  earthy  schists,  calcareous  bands,  arenaceous  flagstones,  ] 
mites,  &C.,  are  the  representatives  of  the  upper  Silurian  systen: 
that  the  lowest  quartzose,  graywacke,  flagstone,  roofing-slate 
which  in  some  places  have  no  fossils,  and  in  others  have  num 
repetitions  of  a  few  species  of  the  genus  Orthis,  belong  to  the 
Silurian,  or  upper  part  of  the  Cambrian  Systems. 

Part  II.  Older  farmaHans  on  the  left  bank  of  the  jRhine^ 
Hartz. — Upper  Franconia^  Sfc. 

$  1.  The  authors  commence  with  a  short  description  of  the 
sical  region  extending  from  the  coal-field  of  Belgium  to  the  s 
eastern  flank  of  the  Ardennes,  and  then  in  like  manner  descril 
country  between  the  same  coal-field  and  the  limestone  of  the 
They  afterwards  discuss,  at  some  length,  the  methods  used  b^ 
fessor  Dumont  to  determine  the  superposition  of  the  natural  gi 
and  partly  from  considerations  derived  from  the  symmetric 
rangement  of  the  mineral  masses,  and  partly  from  the  direc 
dence  of  sections,  especially  in  the  Eifei  country,  show  tha 
geological  sequence  has  been  correctly  determined.  So  far  s 
ing  the  views  of  Professor  Dumont,  the  descending  order  i 
provinces  above-mentioned  is  as  follows : — 

n.)  Coal  country Terrain  ffouillier. 

{2.)  Anthraxiferous  country.    Terrain  Anihraxifere. 

(3.)  Slate  country Terrain  Ardoisier. 

The  second  of  these  divisions  is  subdivided  into  four  n; 
groups  or  systems,  viz.  Upper  calcareous  system ;  Upper  qu 
schistose  system ;  Lower  calcareous  system ;  Lower  quartzose 
stose  system. 

The  slate  country  is  also  divided  into  tliree  groups, — L 
Middle,  and  Lower. 

The  order  being  assumed  as  fixed,  the  next  question  is  as  i 
British  equivalents  of  the  successive  divisions  or  subordinat 
stems. 

Respecting  the  Belgian  coal-field,  there  is  no  doubt :  it  is  o 
same  horizon  with  the  great  coal-fields  of  England.    Throu 
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considerable  part  of  its  south-eastern  boundary  it  is  inverted,  so  as 
to  dip  under  the  older  formations ;  but  on  a  part  of  its  northern 
boundary  the  older  formations  emerge  in  their  regular  order. 

The  upper  limestone  of  the  second  division  is  undoubted  moun* 
tain  limestone.  The  only  question,  then,  is  respecting  the  equiva- 
lents of  the  three  lower  divisions  of  the  Terrain  Anthraxifire^  which 
are,  by  Professor  Dumont,  respectively  classed  with  the  Ludlow 
rock,  Wenlock  limestone,  and  Caradoc  sandstone  formations.  This 
classification  is  not  accepted  by  the  authors,  for  reasons  stated  in 
detail. 

The  upper  quartzo-schistose  system  is  separable  at  two  parts  very 
different  from  one  another :  the  higher,  often  characterized  by  an 
open-grsdned  yellowish  psammite ;  the  lower  (with  many  variations 
of  structure,  and  with  occasional  subordinate  calcareous  bands) 
abounding  in  a  dull  greenish-gray  earthy  schist,  not  unlike  the 
*^  mudstone  **  of  the  Ludlow  rocks.  But  the  higher  grits  and  psam- 
mites  pass  insensibly  into  the  bottom  beds  of  the  upper  limestone 
(mountain  limestone),  and  contain  a  series  of  fossils  so  near  the 
carboniferous  type,  that  it  is  difficult  to  draw  a  line  between  the 
two  deposits ;  and  the  lower  earthy  schists  do  not  contain  (among 
the  specimens  brought  away  by  the  authors)  one  single  species 
found  in  the  Ludlow  rock. 

The  lower  limestone  of  the  second  division  is  then  described  in 
detail,  both  as  seen  in  Belgium  and  the  Eifel.  The  authors  dwell 
some  time  on  the  remarkable  association  of  the  Eifel  dolomites  with 
volcanic  rocks  of  different  ages :  but  they  contend  that  the  disloca- 
tion and  contortions  of  the  older  strata,  and  their  changes  of  mine- 
ral structure,  are  not  generaDy  due  to  the  more  recent  igneous  erup- 
tions. A  comparison  of  the  lists  of  fossils  from  the  Eifel  and  lower 
Belgian  limestone,  show  that  they  belong  to  a  group  identical  with 
that  of  the  lower  limestone  of  Westphalia  and  the  limestone  of  Paf- 
frath,  and  that  they  present  the  closest  analogies  with  the  fossils 
derived  from  the  limestones  of  South  Devon ;  some  of  the  most 
abundant  species,  both  of  shells  and  corals,  being  identical  in  all 
the  localities.  Hence  the  authors  conclude,  that  the  second  and 
third  members  of  the  Terrain  anthraxifire  of  Professor  Dumont 
form  a  part  of  the  Devonian  system,  and  not  a  part  of  the  Silurian 
system. 

Lower  quartzo^schistose  system, — In  Belgium  it  is  harder  and  more 
quartzose  than  the  upper  division,  and  also  of  more  varied  mineral 
structure;  and  in  its  upper  portion  contains  some  thick  beds  of 
conglomerate,  which,  from  their  mineral  structure  and  the  supposed 
analogies  of  the  lower  limestone  with  the  mountain  limestone  of 
England,  have  been  classed  with  the  old  red  sandstone.  Without 
attributing  any  value  whatever  to  these  conglomerates,  as  terms  of 
comparison  with  English  formations,  and  regarding  them  only  as 
mineral  accidents,  the  authors  place  them  near  the  base  of  the  De- 
vonian system,  and  consequently  near  the  lower  limit  of  the  old  red 
sandstone. 

In  the  Eifel,  the  system  is  better  developed  and  more  fossiliferous, 
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ibits  the  following  descending  order :  (1.)  Calcareous  si 
;  the  base  of  and  passing  into,  the  limestone ;  (2«)  Indu 
alternating  with  sandstone  and  flagstone,  occasionally 
colour ;  (3.)  Sandstone,  flagstone,  arenaceous  slate,  qt 
»  gradually  passing  into  a  slate  formation-  The  authoi 
arious  lists  of  fossils,  and  conclude  that,  though  several 
!  in  common  with  those  of  the  overlying  Devonian  sy 
;  as  a  glroup  they  are  distinct :  1st  Because  the  carbonif 
disappear ;  2ndly.  Because  some  of  the  most  characte 
of  the  lower  limestone  (such  as  the  Strygocephalus  Bu 
e  wanting ;  Srdly.  Because  new  (and  Silurian)  types  1 
md ;  more  especially  shales  of  the  genus  Pterinea^  se 
of  Orihisy  the^omcUonohuKniffhtii,  Calytnene  BlumenJU 
hey  further  remark,  that  the  species  of  Silurian  fossils  ^ 
in  the  Eifel  lists  are  mostly  derived  from  the  lower  si 
ure  regarded  as  beds  of  passage.  Along  with  known 
ssils  there  occur  also  (as  remarked  in  deposits  unde 
alian  limestone.  Part  I^)  many  other  fossils,  DeUhyri 
I  and  D.  macroptera^  &c.,  in  great  abundance.  The  1 
schistose  rocks  of  Professor  Dumont  are  therefore  p 
Silurian  system,  but  without  any  attempt  to  subdivide  it 
portions  analogous  to  those  of  England.  And  as  the 
pdeflned  separation  between  this  system  and  the  over 
an,  still  less  is  there  any  well-deflned  separation  betwe 
mits  and  the  central  slate  rocks  of  the  Ardennes, 
ilate  countnr  of  the  Ardennes  is  subdivided  into  three  g] 
I  rocks, — Upper,  Middle,  and  Lower.  All  the  fossu 
by  the  authors  from  the  upper  group  are  of  Silurian  t 
be  middle  and  lower  groups  they  obtained  no  fossils :  I 
groups  are  linked  together,  and  the  upper  is  placed  1 
n  the  lower  part  of  the  Silurian  system,  they  assign  thi 
;roups  to  the  upper  Cambrian  system.  They  then  enb 
iineralogical  details  connected  with  the  structure  of  the 
Ardennes;  and  among  the  crystalline  beds  of  the  h 
which  they  regard  as  only  an  altered  portion  of  that  i 
superior),  point  out  some  examples  of  slates  derived  fi 
e  transverse  to  the  beds,  and  intersected  by  a  true  u 
e  plane,  a  rare  phaenomenon  among  the  slates  of  Eng 
iced  by  the  authors  among  some  rocks  on  the  south  ca 
and  the  north  coast  of  Cornwall. 
Formations  between  the  Eifel  and  the  ffundsruck. — Z^ 
Rhine,  Sfc. — Crossing  the  strike  of  the  beds  from  the  Ei 
selle,  by  several  distinct  traverses,  the  authors  met  wit 
sries  of  deposits  in  descending  order:  viz.  1st.  Calca 
2nd.  Arenaceous  flagstones  and  shale ;  the  upper  pan 
exhibiting  a  reddish  tinge,  and  with  portions  more  oi 
3US,  and  the  lower  part  passing  into  a  great  fonnati< 
ous  flagstone,  indurated  slate  and  coarse  slate,  and  occs 
fine  quartzite.  The  series  is  here  and  there  highly  fn 
containing  several  species  of  Pterinsa,  Delthyrisy  Orthis 
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canonaOy  presenting  obscute  impreBBions  of  plants^  and  casts  of  a 
rge  HomalonotuB,  of  a  Silurian  species.  "Die  sequence,  deter- 
ined  more  by  the  symmetrical  position  of  the  great  mineral  masses 
an  by  direct  superposition,  as  seen  in  vertical  sections,  gradually 
iBses  into  rocks  of  a  more  decidedly  slaty  structure,  and  almost 
ithoat  fossils.  Ftoiing  to  the  right  bank  of  the  Moselle^  and  in 
e  same  ivay  making  traverses  through  the  chain  of  the  Hunds- 
ck  (which  is  elevated  on  the  line  of  strike,  t.  s.  east-north-east), 
ey  again  had  an  ascending  series,  and  thence  concluded  that  the 
[lole  chain  was  only  a  portion  of  the  great  system  under  the  Eifel 
nestone  in  an  altered  form.  The  Silurian  fbssib  discovered  among 
e  crystalline  quartzites  and  schists  of  the  chain  (s.  g.  one  or  two 
ecies  of  Orthis,  a  large  winged  Delthyris,  &c.),  confirmed  this 
Bw.  Hence  also  the  chain  of  the  Taunus,  which  is  the  physical 
olongation  of  the  Hundsruck,  must  be  referred  to  a  similar  place 
the  general  series;  a  conclusion  at  which  the  authors  also  arrived 
:>m  an  examination  of  the  sections  on  the  right  bank  of  the  Rhine, 
ongh  obscured  by  the  enormous  development  of  masses  of  con- 
mporaneous  trap  (Si^aabidn). 

llie  authors  then  give  some  details  respecting  the  trappean  and 
doanic  rocks  on  both  banks  of  the  Rhine,  and  conclude,  that  the 
lartzite  and  chlorite  slates,  &c.  of  the  Hundsruck  and  Taunus  are 
It  altered  forms  of  a  great  Silurian  group  under  the  Eifel  lime- 
»ne;  and  that  the  causes  which  at  an  ancient  epoch  dislocated, 
mtorted,  and  mineralised  the  strata,  have  perhaps  not  yet  entirely 
flsed,  and  that  the  hot  springs  of  Wisbaden  and  bubbling  fountains 
'  Nassau,  may  be  referred  to  their  last  expiring  eflPorts. 
On  a  review  of  all  the  facts  stated  in  this  and  the  preceding  Fart 
'  their  communication,  the  authors  conclude,  (IJ)  That  from  the 
irboniferous  deposits  of  Westphalia  and  Belgium,  to  the  lowest 
ssiliferous  deposits  of  the  Rhenish  provinces,  there  is  a  great  and 
linterrupted  series  of  formations,  which  are  in  general  accordance 
Lth  the  British  series,  though  the  subordinate  groups  do  not  admit 
'  direct  comparison ;  (2.)  That,  considered  in  a  broad  point  of 
ew,  the  natural  successive  groups  of  strate  and  the  natural  snc- 
issive  groups  of  fossils,  are  in  general  accordance ;  but  as  the 
mndanes  of  the  physical  groups  are  ill  defined,  so  also  the  bound- 
ies  of  the  fossil  groups  are  ill  defined,  and  pass  into  or  overlap  one 
lother ;  (3.)  That  as  there  are  no  great  mineralc^cal  interruptions, 
"odncing  a  discontinuity  and  a  want  of  conformity  among  the  de- 
Mits,  so  also  there  seems  to  be  no  want  of  continuity  among  the 
"oaps  of  the  great  palaeozoic  series  of  animal  forms.  If  the  ex- 
sme  terms  be  compared  together,  all  the  objects  are  dissimilar ; 
it  if  the  proximate  fossil  groups  be  put  side  by  side,  there  are 
any  points  of  resemblance,  and  many  of  specific  agreement ;  (4.) 
hat  tiie  Devonian  system  is,  therefore,  a  natural  system,  not  merely 
ade  out,  as  in  England,  by  a  plausible  interpretotion  of  fossil  evi- 
mce,  but  defined,  in  the  Uhenish  provinces,  both  by  its  group  of 
sails  and  its  place  in  a  true  descending  section.  And  as  the  old 
d  sandstone  of  Herefordshire  passes  on  the  one  hand  into  the  car- 
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boDiferous  limestone,  and  on  the  other*  into  the  upper  Silurian  rod 
without  interruption,  it  follows,  that  the  Devonian  system,  as  abo 
defined,  is  contemporaneous  with,  and  the  representative  of,  this  < 
red  sandstone. 

§  3.  Chain  of  the  Hartz, — Fichtelg^irgCy  Sfc, — The  general  stri 
of  this  chain  is  nearly  the  same  as  in  the  provinces  before  descril 
(t.  e.  east-north-east),  and  therefore  almost  at  right  angles  to  < 
prevailing  direction  of  the  chain,  as  laid  down  on  a  geological  mi 
The  mineral  structure  and  the  fossils  are  also  nearly  the  same,  a 
the  numerous  contortions  throw  the  same  difficulties  in  the  way 
determining  the  true  order  of  superposition ;  and  these  difficult 
are  greatly  increased  by  protruding  masses  of  granite,  which  hi 
not  only  altered  the  structure  of  all  the  neighbouring  rocks,  1 
literally  broken  the  chain  into  fragments,  several  of  which  i 
thrown  into  a  reversed  position. 

The  igneous  rocks  of  the  region  are  stated  to  be  of  four  kint 
(1.)  Trappean  rocks  in  beds  and  protruding  masses,  nearly  on  i 
line  of  strike ;  (2.)  Granite,  sending  veins  into  the  older  slates  i 
trappean  rocks ;  (3.)  Quartziferous  porphyry  in  masses  and  dyl 
identical  in  structure,  and  apparently  in  relation  with  the  Elvanc 
Cornwall ;  (4.)  Trappean  rocks  (melaphyrey  &c.),  associated  with 
rothe  iodie  liegende  and  coal-measures  on  the  south-eastern  skirti 
the  chain. 

Silurian  fossils  are  found  in  several  parts  of  the  Hartz,  but  the  auth 
saw  no  rocks  which  they  could  compare  with  the  central  slates  of 
Ardennes,  or  the  oldest  slates  of  the  Rhine ;  but  they  give  two  s 
tions  which  ascend  into  a  higher  system.  The  first  is  from  Hi 
genstein  to  the  neighbourhood  of  Clausthal,  and  appears  to  give 
following  ascending  order : 

n.^  Devonian  limestone,  well  characterized  by  its  fossils. 

(2.)  A  series  of  psammites  and  shales,  with  one  or  two  specief 
Possidouia. 

(3.)   A  series  of  coarse  sandstones  and  grits,  surmounted 
shcdes  and  psammites  highly  charged  with  plants,  and  minen 
gically  resembling  the  Devon  culm-beds. 

Plants  are,  however,  found  below  the  Devonian  limestone,  i 
even  thin  bands  of  culm ;  and  the  section  is  obscure :  but  if  the 
terpretation  given  to  it  be  correct,  a  part  of  the  country  near  Cla 
thai  rises  into  the  carboniferous  series. 

Their  next  section  commences  with  the  limestone  of  Ebingen 
{on  the  south  side  of  the  Brocken  mountain).  The  limesU 
abounds  with  Devonian  corals  and  other  fossils,  and  some  parte 
it  cannot  be  distinguished  from  the  lower  limestone  of  Westpha 
Other  parts  of  it  are  pierced  with  trappean  rocks  and  are  overlaid 
ferriferous  deposits ;  in  which  respects,  as  well  as.  in  its  fossils,  i1 
strictly  analogous  to  the  Devonian  limestones  of  Dillenburg  and 
Lahn.  Again,  the  ferriferous  bands  are  overlaid  by  black  shi 
containing  Kiesel  schiefer^  and  (if  we  are  not  misinformed)  conta 
ing  Possidonia  schist  The  analogy  presented  with  the  upperm 
part  of  the  Devonian  series  in  Westphalia  seems,  therefore,  perfi 
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From  these  facts  the  authors  conclude,  that  the  older  rocks  of  the 
Hartz  are  chiefly  Silurian  and  Devonian,  with  a  few  traces  of  the 
lower  carboniferous. 

If  the  great  contortions  and  strike  of  the  Rhenish  provinces  were 
produced  contemporaneously  with  those  of  the  Hartz,  then  must 
the  great  derangements  of  the  Hartz  have  taken  place  after  the  de* 
posit  of  the  Belgian  and  Westphalian  coal-fields.  But  the  principal 
dislocations  of  the  Hartz  must  have  taken  place  before  the  deposit 
of  the  red  conglomerates,  sandstones,  coal-beds  and  trappean  masses, 
which  rest  on  its  eastern  flank.  Hence  the  authors  conclude,  that 
none  of  these  red  conglomerates  are  of  the  date  of  the  old  red  sand- 
stone ;  and  that  the  coal-beds  belong  to  the  highest  part  of  the  car- 
boniferous series,  where  it  passes  into  the  base  of  the  new  red  sand- 
stone. 

Lastly,  The  authors  describe  a  hasty  traverse,  made  from  the 
Thuringerwald  through  the  forest  of  Upper  Franconia,  and  thence 
to  the  north  flank  of  the  Fichtelgebirge.  On  the  northern  limits  of 
the  section  (the  strike  and  many  accidents  of  position  remaining  as 
before)  were  rocks  with  a  true  slaty  cleavage,  which  might  (at  least 
minendogically)  be  compared  with  the  upper  slates  of  the  Ardennes ; 
and  further  south,  the  analogy  was  confirmed  by  bands  of  limestone, 
with  stems  of  Encrinites,  but  with  very  few  other  fossils.  Still  further 
south  occur  a  few  impressions  of  plants,  and  the  whole  system  ap- 
pears to  be  at  length  overlaid  by  a  series  of  limestones  and  schists, 
some  of  which  are  very  rich  in  fossils.  One  of  these  zones  of  lime- 
stone (the  lowest  according  to  Count  Munster)  rests  on  calcareous 
slates,  containing  a  cardiola  of  the  upper  Ludlow  rock.  It  is  in  this 
zone  that  the  Clymenia  is  most  abundant  Goniatites,  Orthocera- 
tites,  &C.,  are  abundant  in  a  higher  zone ;  and  the  series  is  overlaid 
by  a  limestone  with  many  species  of  true  carboniferous  productae, 
&€.,  and  identified  with  the  mountain  limestone.  From  these  facts 
the  authors  conclude,  that  the  fossiliferous  region  near  Hofi*  (south 
of  the  Fichtelgebirge)  belongs  to  the  Devonian  system,  with  the 
exception  of  the  highest  beds,  which  are  carboniferous. 

Such  are  the  results  arrived  at  by  the  authors,  which  seem  to 
be  in  general  accordance  with  one  another,  and  to  bear  out  the  clas- 
sification they  proposed  for  the  older  British  fonnations. 

LONDON  ELECTRICAL  SOCIETY. 
April  20, 1841 . — The  Society  held  their  first  meeting  of  this  Session. 
After  the  election  of  members  had  been  announced,  the  Chairman 
stated  that  Walter  Hawkins,  Esq.  had  presented  the  Society  with 
a  dried  specimen  of  the  Gymnotus  Electricus,  The  Secretary  read 
a  letter  he  had  received  firom  J.  P.  Gassiot,  Esq.,  F.R.S.,  in  which 
was  a  description  of  a  voltameter  containing  five  pairs  of  electrodes,  so 
arranged  as  to  enable  the  experimenter  to  use  one  or  more  pairs  at 
pleasure.  A  communication  was  received  from  George  MackreU,  Esq., 
detailing  experiments  wherein  the  five  terminal  wires  of  a  voltaic 
battery  were  ignited  at  the  surface  of  acid  water,  forming  a  part  of 
the  circuit.    Tlie  negative  wire  was  heated  to  a  greater  degree  than 
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the  poaitive.  A  paper  from  Thomas  Pollock,  Esq.  was  read, 
scribing  the  deflections  of  the  galvanometer,  dependent  on  the  chi 
of  colour,  &c.  produced  in  certain  liquids  by  the  application  of 
to  one  arm  of  a  V  tube  containing  them.  The  author  condi 
that  Dr.  Black's  law  of  capacity  for  heat  will  enable  us  to  ez{ 
these  electrical  phsenomena. 

These  papers  will  be  printed  in  the^"  Proceedings"  of  the  Soc 
the  first  part  of  which  will  appear  on\he  first  of  July.  Hie  So( 
then  adjourned  to  Tuesday,  May  18th. 

CHEMICAL  SOCISTT  OF  LONDON. 

On  the  2drd  of  February,  1 84 1 ,  a  meeting  was  held  (in  the  roon 
the  Society  of  Arts,  the  use  of  which  had  been  kindly  granted  fbi 
purpose,)  of  gentlemen  desirous  of  uniting  themselves  for  the  ] 
pose  of  forming  a  Chemical  Society.  At  that  meeting  the  iollo\ 
gentlemen  were  appointed  as  a  Provisional  Committee  for  carr 
this  object  into  effect. 

Messrs.  A.  Aikin,  W.  T.  Brande,  H.  J.  Brooke,  J.  T.  Coo 
J.  Cumming,  J.  F.  DanieU,  T.  Everitt,  T.  Graham,  W.  R.  Ox 
H.  Hennell,  G.  Lowe,  R.  Porrett,  R.  Warington. 

Mr.  Warington,  by  whom  the  requisite  preliminary  arrangem 
had  been  made,  was  appointed  Secretary  to  the  Provision^  C 
mittee. 

A  number  of  gentlemen  engaged  in  the  practice  or  pursuit  of  < 
mistry  having  been  invited  by  the  Provisional  Conmdttee  to  beo 
original  members,  the  first  meetin'g  of  the  Society  took  place,  als 
the  rooms  of  the  Society  of  Arts,  on  the  30th  of  March,  IVole 
Ghidiam  in  the  Chair. — ^The  minutes  of  the  previous  meeting,  ] 
on  the  2drd  of  February,  having  been  read  and  confirmed,  the  foil 
ing  roport  of  the  Provisional  Conmdttee  was  brought  up  and  ad< 
ed,  with  amendments,  for  the  present  government  of  the  Society. 

AMENDED  REPORT  OF  THE  PROVISIONAL  COMMITTEE. 

Name  and  ObjecUofthe  Society. — That  the  Society  be  designi 
the  Chemical  Socibtt  op  London. 

That  this  Society  is  instituted  for  the  advancement  of  Chemi 
and  those  branches  of  science  immediately  connected  with  it. 

For  this  purpose  periodical  meetings  of  its  members  shall  be  1 
for  the  communication  and  discussion  of  discoveries  and  observati 
relating  to  such  subjects ;  an  account  of  which  shall  be  published  £ 
time  to  time,  by  ike  Society,  in  the  form  of  Proceedings  or  Tram 
tions. 

That  the  formation  of  a  library  of  books  relating  to  its  pre 
subjects,  of  a  museum  of  chemical  preparations  and  standard  insi 
ments,  and  the  establishment  of  a  laboratory  of  research,  are  also 
terior  objects  of  the  Society. 

CoMiitution  of  the  Society, — That  the  Society  consist  of  Ordii 
Members,  Foreign  Members,  and  Associates.  The  government 
the  Society  to  be  vested  in  the  ordinary  members  only. 

That  all  persons  who  have  received  the  droular  of  the  proviaic 
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committee  inviting  them  **  to  join  the  Society  as  original  members 
and  to  support  it  with  thdr  aotive  oo-operation/'  and  who  have  given 
their  assent  so  to  do,  on  or  before  the  30th  March,  1841,  are  the 
first  ordinary  members  of  the  Society. 

That  the  ordinary  members  do  elect  out  of  their  own  body,  by 
ballot,  a  President,  four  Vice-Presidents,  a  Treasurer,  two  Secretaries, 
and  a  Council  of  twelve  persons,  four  of  wbom  may  be  non-resident, 
by  whom  the  business  of  the  Society  shall  be  conducted. 

That  after  the  appointment  of  officers  and  a  coimcil,  every  candi- 
date for  admission  be  proposed  according  to  a  form  of  recommenda* 
tbn  agreed  upon,  subscribed  by  three  members  of  the  Society,  to 
one,  at  least,  of  whom*  he  shall  be  personally  known ;  and  such  cer- 
tificate shall  be  read  and  suspended  in  the  Society's  rooms  or  place 
of  meeting  for  three  ordinary  meetings. — ^The  method  of  voting  for 
the  election  of  members  to  be  by  ballot. — ^The  ballot  to  take  place  at 
the  meeting  at  which  the  certificate  is  read  for  the  fourth  time. — ^The 
eleeticm  shall  not  be  valid  unless  twelve  or  more  members  ballot. 
When  three-fourths,  or  more,  of  the  members  balloting,  shall  be  in 
lavonr  of  the  candidate,  he  shall  be  elected  a  member ;  but  when 
Iswer  than  three-fourths  of  the  members  baUoting,  shall  be  in  favour 
of  the  candidate,  he  shall  not  be  elected  a  memb^. 

That  the  Annual  Contribution  to  be  paid  by  ordinary  members, 
resident  within  twenty  miles  of  London,  be  two  pounds,  due  on  each 
meeessive  30th  of  March,  and  payable  in  advance  for  the  current 
year.  That  for  ordinary  members  resident  beyond  twenty  miles  of 
London,  the  Annual  Contribution  shall  be  one  pound. 

That  no  admission  fee  shall  be  required  of  those  members  who  join 
the  Society  during  the  first  yearly  sessicm. 

That  Foreign  Members  and  Associates  shall  be  recommended  to 
the  Society  by  the  Council,  and  shall  not  be  required  to  contribute  to 
the  funds  of  ttie  Society. 

That  Foreign  Members  shall  be  balloted  at  the  next  meeting  after 
that  at  which  they  are  recommended  for  election. 

That  Associate  Members  be  elected  for  a  period  of  three  years ; 
that  they  be  thereafter  eligible  as  ordinary  members,  or  may  be  re- 
eleeted  associate  members. 

That  the  Ordinary  Meetings  of  the  Soeiety  be  held  on  the  Tuesday 
of  every  second  wedc,  at  8  o'clock  in  the  evening, — ^from  the  begin- 
ning of  November  until  the  end  of  May. 

lliat  the  rooms  of  the  Society  of  Arts,  John-street,  Adelphi,  be 
the  place  of  meeting  for  the  Society,  until  more  convenient  and  fitting 
accommodation  can  be  found. 

Hie  following  gentlemen  were  then  elected  as  Officers  and  Council 

for  the  ensuing  year ; — 

President'.  Professor  T.  Gkaham. — Vice-Presidents:  W.  T.  Brande, 
Esq. ;  J.T.Cooper,£8q.;  ProfessorJ.F.Daniell. — IVeasurer:  Arthur 
Aikin,£sq.— ^Seor«#iim«:  B.F.Teschmaoher.Esq.,  Robert Waring- 
ton,  Enq.— Council i  Dr.  T.  Clarke ;  Professor  J.  Cumming ;  Dr. 
C.Daubeny;   T.  Bveritt,  Esq. ;  T.  Griffiths,  Esq. ;  W.  R.  Grove, 
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Esq. ;  H.  HenneU,  Esq. ;  G.  Lowe,  Esq. ;  Professor  W.  H.  MiUet 
W.  H.  Pepys,  Esq. ;  R.  Porrett,  Esq. ;  Dr.  G.  O.  Rees. 
The   names  of  the    gentlemen  who  had   become  members,  i 
number  seventy-five,  were  then  read. 

The  Society  then  adjourned  until  Tuesday,  the  Idth  of  April. 


LXV.  Notices  respecting  New  Books. 

A  Collection  of  Letters  illustrative  of  the  Progress  of  Science  i 
England  from  the  Reign  of  Queen  Elizabeth  to  that  of  Charles  tl 
Second,  Edited  by  Jamrs  Orchard  Halliwbll,  Esq.,  F.R.S 
F.S.A.,  &c.  8vo.  [Printed  for  the  Historical  Society  of  Science.] 

MANY  of  our  readers  are  probably  aware  that  a  society  has  r 
cently  been  formed,  on  the  joint-stock  principle  of  the  Camdc 
and  a  few  other  societies,  for  the  purpose  of  printing  documents  coi 
nected  with  the  history  of  the  sciences,  and  forming  by  these  meai 
a  medium  for  the  circulation  of  such  information  on  that  subject ) 
could  scarcely  be  given  to  the  world  in  any  other  way.  The  woi 
whose  title  we  have  given  above  is  the  first  offspring  of  this  newl; 
established  body ;  and  although  it  is  not  distinguished  by  any  vei 
striking  novelty  or  the  produce  of  any  great  change  in  our  previo 
knowledge  of  Uie  history  of  science  at  the  period  to  which  it  refei 
yet  it  not  only  offers  very  comprehensive  views  of  the  real  state 
English  science  in  the  sixteentii  and  seventeenth  centuries,  but  al 
affords  us  some  very  curious  biographical  information  respecting  o 
men  of  science  during  that  time.  It  must  above  all  be  remembere 
that  our  only  chance  for  obtaining  works  of  this  class  is  depende 
on  the  present  or  some  similar  plan,  for  there  is  no  public  encourag 
ment  to  print  them ;  no  publisher  of  course  would  undertake  tb 
publication,  and  the  chance  of  a  private  person  being  reimbursed 
any  sum  he  may  have  been  hardy  enough  to  have  risked  in  the  sai 
way  is  very  small.  Every  lover  of  such  researches  will,  therefore,  i 
think  agree  with  u&  in  commending  any  method  by  which  we  c 
possess  ourselves  of  a  series  of  publications  of  this  nature  in  an  us 
fid  form,  and  at  a  comparatively  trifling  expense. 

The  "  Historical  Society  of  Science"  has  commenced  its  labours 
the  publication  of  a  miscellaneous  collection  of  letters  on  scienti 
subjects,  most  of  them  hitherto  inedited,  from  original  manuscri] 
preserved  in  various  English  libraries.  They  are  arranged  in  chi 
nological  order,  without  any  regard  to  the  different  subjects  on  whi 
they  treat.  The  earliest  letter  in  the  volume  is  one  from  Eden 
chemist,  to  Lord  Burghley,  written  on  August  1st,  1562,  in  whic 
among  other  twaddle,  he  describes  an  operation  by  which  he  made 
whole  quantity  of  silver !  The  next  is  a  curious  relic  of  early  £ 
gHsh  science, — a  letter  from  Thomas  Digges  to  Lord  Burghley,  dat 
1574,  on  astronomical  subjects.  Then  we  have  mechanicsd  invc 
tions  by  Ralph  Rabbards,  a  long  letter  from  Dr.^Dee  to  Lord  Burg 
ley  on  the  method  of  discovering  hidden  treasures,  and  one  frt 
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H.  Cole  to  the  same  nobleman  on  some  "  grene  ore  '*  found  at  Rich* 
mond.  We  must  not  omit  to  mention,  as  belonging  to  this  early 
period,  a  very  curious  letter  from  Tycho  Brahe  to  Thomas  Savelle, 
dated  1590,  in  which  he  sends  his  remembrances  to  Dr.  Dee,  "  quem 
in  patriam  feliciter  reversum  audivi,"  and  likewise  to  Thomas  Digges. 
This  last-mentioned  document  is  very  curious,  because  it  shows  that 
a  greater  intercourse  was  in  all  probability  then  maintained  between 
the  scientific  men  of  this  and  other  countries  than  is  usually  ad- 
mitted to  have  been  the  case. 

It  is  unnecessary,  however,  to  continue  an  enumeration  oi  all  the 
letters  here  printed,  few  of  which  are  without  their  value,  and  almost 
all  are  curious  illustrations  of  the  science  of  the  period.  We  may 
call  the  attention  of  our  readers  more  particularly  to  a  letter  from 
Briggs  to  Pell  at  p.  55,  which  ^ords  a  good  illustration  of  the  early 
histcnry  of  logarithms  in  this  country,  and  to  the  correspondence  of 
Sir  Charles  Cavendish,  who  was  one  of  the  most  munificent  patrons 
of  science  this  country  has  ever  possessed.  As  a  specimen  of  the  others, 
we  will  here  insert  the  following  letter  from  Mr.  Sawtell,  a  name 
previously  unknown  to  us  in  science,  addressed  to  Lilly,  the  celebrated 
astrologer,  which  gives  an  account  of  a  strange  tide  at  We3rmouth, 
in  July,  1666. 

«*  Waymouth,  August  6th,  1666. 

"  Mr.  Lilly, — ^I  wrote  to  you  the  18th  of  the  former  month  con- 
cerning the  wonderfull  motion  of  the  tide  as  it  was  carefully  hero 
observed  for  4  hours  time,  viz. -July  17th,  from  about  10  in  the 
morning  untill  2  in  the  aftemoone.  I  also  wrote  the  same  to  the  Post- 
office  in  London ;  notwithstanding  which,  it  was  put  into  the  printed 
intelligence  in  one  manner,  and  in  the  Gazette  in  another  manner, 
and  neyther  of  them  aneere  the  truth,  and  for  what  eyther  reason  or 
policie  I  cannot  imagine,  but  made  me  to  be  derided  hero,  until  I 
shewed  a  coppy  to  many  of  what  I  wrote  them  to  London  ;  since 
which  they  roply  if  they  print  one  false  that  is  so  wonderfull,  how 
many  us  believe  the  rest,  &c.  Sir,  I  intreated  you  by  my  letter  to 
have  given  me  a  few  lines  in  answer  that  you  had  received  mine,  but 
to  this  morning  I  have  not  received  any,  which  makes  me  doubt  that 
you  have  not  received  mine,  or  else  that  you  doubted  the  truth,  or 
that  it  was  not  of  any  worth.  If  it  came  not  to  your  hand,  pray  be 
pleased  by  a  few  lines  to  give  me  notice  and  I  shaQ  give  you  (if  you 
desire  it)  a  very  true,  sure,  and  punctuall  account  of  it,  or  in  any 
particular  thing  or  accident  that  you  shall  require  of  it.  If  you 
doubted  the  truth  Fll  assure  you  that  to  what  I  wrote  you  ther  is 
not  a  title  hhe,  I  am  very  confident,  viz.  that  the  sea  did  ebb  and 
flow  seven  times  in  four  hours  time ;  with  the  rest  of  particulars 
writen  you,  to  which  a  clowde,  as  it  were,  of  witnesses  will  appeare ; 
that  there  were  many  more  ebbings  and  flowings  it  is  probable  to  be 
true  by  the  report  of  many ;  which  say  that  the  sea  did  soe  all 
the  morning,  and  that  it  did  soe  likewise  againe  in  the  evening,  but 
they  say  that  this  was  not  so  violent ;  but  this  4  houres  time  that  I 
gave  you  account  off  was  as  I  have  said,  carefully  observed  by  so 
many  and  that  of  the  chiefest  mariners,  merehants,  and  other  gentle- 
men, as  well  as  other  sorts  of  people,  both  men  andweomen,  one 
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friend  calling  and  sending  for  another,  that  to  me  it  aeemes  an 
surdity  in  the  least  to  doubt  the  truth ;  the  chiefe  occadon  of  ob 
vation  being  the  extreame  violence  of  it,  one  wherof  I  heard  b 
in  a  house,  being  talking  ^th  one,  we  had  much  pitty  for  a  k 
there  riding  in  the  road,  we  thinldng  of  a  very  great  and  sudi 
storme  of  wind,  but  looking  out  of  doores  found  noe  wind  att  alle, 
saw  the  sea  at  a  distance  fiill  of  ravelling  waves  with  much  nc 
If  not  of  worth  to  you,  pray  take  the  will  for  the  deed«  I  aymc 
the  best.  The  thing  to  all  persons  of  this  town  was  and  sti 
wonderfull,  and  I  thought  it  worthy  of  puUique  note,  to  w 
end  I  sent  it  to  London  preferring  you  before  Mr.  Qadbuiy, 
otherwise  had  had  the  account.  However,  Sir,  if  you  will  not  al 
me  no  other  account  of  it,  you  let  me  begg  you  to  give  me  a  few  1 
that  you  have  received  mine,  that  I  may  know  that  it  came  to ; 
hand ;  and  if  by  writing  so  presumptuously  to  you,  strangen  to 
other,  I  have  offended  you,  pray  pardon  me ;  it  is  but  the  sei 
offence ;  I  hope  I  then  shall  not  committ  the  third :  yet  in  the  m 
while  shall  remaine.  Sir, 

"  Your  friend  in  what  I  may, 

'*  GHainoFHxa  Sawtil 
"  For  Mr,  William  Lilly,  Astrologer,  at  the 

comer-kouse,  over  Ogaitut  Btrand-bridge, 

these  in  lAmdon.     Postpaid,  Sd," 

Independent  of  its  more  weighty  and  important  attracting,  1 
is  much  in  the  volume  that  wiU  be  found  to  be  interesting  to 
general  reader ;  and,  what  is  very  unusual  with  works  of  a  sciei 
nature,  some  parts  of  it  are  really  entertaining.  It  only  remain 
us  to  say,  that  the  editor  appears  to  have  p^ormed  his  task  i 
fully  and  judiciously. 


LXVI.  Intelligence  and  Miscellaneous  Articles. 

ORTHODOX   GEOGRAPHY. 

"  Azimghur  School, — ^The  Local  Committee  brought  to  our  o 
a  prejudice  which  existed  amongst  some  of' the  Hindus  at  this  j 
An  unwillingness  existed  amongst  some  of  the  pupils  to  receive 
graphical  instruction  according  to  the  EngUsh  system,  from  an 
Qiat  the  Christian,  as  well  as. the  Hindu  rel^ion,  had  certain  pei 
geographical  tenets. 

"  We  recommended  to  the  Local  Committee  to  act  with  cai 
until  the  jealousy  should  subside,  which  we  doubted  not  it 
would,  and  we  suggested  that  geographical  instruction  shou 
given  orally  with  the  aid  of  maps.  We  instanced  the  readineae 
which  geography  had  been  studied  in  the  Sanscrit  College  frol 
English  boqj^s,  and  pointed  out  that  learned  Brahmins  did  not 
tate  to  study  the  Hinidu  astronomy,  according  to  the  Sidhantas,  th 
they  are  as  opposed  to  the  conceits  of  the  Puranas  as  is  £urc 
geography." — Report  of  the  Committee  of  Public  InstrucO&n  oj 
Presidency  of  Fort  William,  Bengal. 
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CUMYLE— OIL   OF   CUMMIK. 

Tlie  following  are  some  additional  particulars  relative  to  the  sub- 
stances obtained  from  oil  of  cummin,  by  MM.  Gerhardt  and  Cahours» 
referred  to  in  our  last,  p.  282. 

Cmnylc  (unknown  radicle) C*^  H«*  0« 

Hydmret  of  cumyle  (oil  of  cummin)  C«  H«*  0«+H* 

If  the  hydruret  of  ctimyle  be  gradually  dropped  on  fused  hydra 
of  potash,  hydrogen  is  evolved,  and  every  drop  is  converted  into    te 
minate  of  potash.     The  effect  is  so  rapidly  produced,  that  by  this 
method  two  pounds  of  cuminate  of  potash  may  be  obtained  in  an  hour. 

The  analysis  of  the  product  obtained  by  distilling  cuminic  acid 
with  excess  of  barytes,  and  the  density  of  its  vapour,  lead  to  the 
formula  C  H*^,  which  represents  four  volumes  of  it.  It  is  there- 
fore formed  in  the  same  manner  as  benzen.  In  fact,  we  have 
C40  H"  O*  — C^  O*  =  C'fi  B«*,  the  alkaline  base  employed  effect- 
ing  the  separation  of  carbonic  aoid. 

This  product,  to  which  the  authors  have  given  the  name  of  cumen, 
potaesses  striking  analogies  with  benzen:  thus  it  dissolves  in 
Nordhausen  sulphuric  acid,  and  produces  an  add  corresponding  to 
the  sulphobenzidic  acid  of  Mitscherlich. — L'Institut,  No.  889. 


METEOROLOGICAL   OBSERVATIONS  FOR  MARCH  1841. 

Ckiswidi. — ^Marcfa  ].  Cloudy.  2.  Frosty  :  rain.  S.  Fine:  cloudy.  4.  Clear 
and  fine :  rain*  5.  Overcast :  slight  rain.  6.  Clear  and  very  fine.  7,  8.  Very 
fine.  9«-19.  Foggy  in  the  morning:  Tcry  fine  throughout  the  day:  eyening 
dear.  IS.  Slight  base:  foggy.  14.  Foggy:  very  fine:  dense  log  at  night. 
IS,  16.  Foggy:  very  fine.  17.  Cloudy anduiowery,  18.  Cloudy.  19.  Over, 
caatt  shofwy.  SO.  Fine:  stormy  with  rain.  SI.  Very  fine:  slight  rain  at 
night.  SS.  Rain :  fine.  S3.  Fine.  S4— 86.  Very  fine.  S7.  Showery :  clear. 
IW — sa  Cloudy  and  fine.    31.  Clear:  fine  but  windy:  rain  at  niglbt. 

Boston. — March  1.  Cloudy :  rain  r.M.  2.  Fine :  rain  pji.  3,  4.  Fine.  5. 
F!n«:rainA.M.andr.]f.  6.  Fine.  7.  Fine :  beautiful  morning.  8.  Foggy.  9 — 13. 
Fine  14.  Cloudy.  15.  Fine :  three  o'clock  r.M.  thermometer  639,  16.  Fine : 
two  o'clock  r.M.  thetmometer  659,  17.  Cloudy.  18—81.  Windy.  88.  Rain : 
83.  Windv.  84,  85.  Fine.  86.  Fine:  rain  r.M.  87.  Cloudy.  88.  Fine. 
89.  Cloudy :  rain  early  A.if. :  rain  r.M.  3a  Kne :  rain  r.M.  31.  Fine. 
K.B.  This  is  the  wannest  month  of  March  since  March  18Sa 
^ppbg^rtk  Maiue,  i>i«4R/Hii-«Airr.— March  1.  Cold  and  clear:  snow  on  hilla 
meltug.  8.  Rain  til  day.  3.  Slight  frost.  4.  Frost  harder :  snow.  5.  Heavy 
imln :  snow  gone.  6.  Fine  a.m.  :  rain  r.M.  7.  Fine  throughout.  8.  Fine 
apring  day :  rain  a.m.  9.  Fine  spring  day :  fair,  la  Growing  day:  fog  r.M. 
11.  Beautiful  day.  18.  Fine  a.m.  :  raw  fog  sum.  13,  14.  Fine  throughout 
15.  Fog  A.M. :  cleared  up.  16.  Fine  throughout.  17,  18.  Fine  a.m.  :  ram  p.m. 
191  BsTn  and  hail,  sa  Heavy  showers  81,  S2.  Rain  p.m.  83.  Cloudv  and 
thivatening.  84,  85.  Showery  and  foggy.  86.  Showers  a.m.  :  cleared  and  fine. 
87.  Showers  a.m.  88,  89.  Showers  p.m.  SO.  Fair  a.m.  :  rain  and  wind  p.m. 
31.  Boistaroue  and  wet. 

Son  shone  out  83  days.  Rain  fell  18  days.  FVost  8  days.  Snow  1  day.  Fog 
Sdays. 

"Wind  East  1  day.  South-east  4  days.  South  •south-east  1  day.  South  4  days. 
Sooth-south-west  1  day.  South-west  13  days.  West-sooth-west  9  days.  West 
3  days.    North-north-west  1  day. 

Variable  1  day.  Calm  1 1  days.  Moderate  8  days.  Brisk  6  days.  Strong 
breeze  5  days.    Boisterous  2  days. 

Mean  temperature  of  the  month 44**07 

Mean  temperature  of  March  1840     39*35 

M^antcmperstore  of  spring-water     45*60 

Men  tempentureof fpriDg-water,  March  1840  42  '60 
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LXVII.    On  some  of  the  Products  of  the  Action  of  Nitric  Acid 
on  Castor  Oil.    By  Thomas  George  Tilley*. 

npHE  action  of  nitric  acid  on  the  fat  acids  is  a  subject  that 
"*•  has  been  lately  investigated  by  Laurent t  and  Bromeisf, 
and  the  interesting  results  obtained  by  them  having  called  the 
attention  of  chemists  to  the  subject,  I  was  induced,  at  the  sug- 
gestion of  Professor  Liebig,  to  examine  in  his  laboratory  the 
products  of  the  oxidation  of  the  oil  of  Ricinus  Communis^  dif- 
fering as  it  does  in  such  a  remarkable  degree  from  the  other 
fixed  oils. 

One  part  of  this  oil  was  accordingly  mixed  with  twice  its 
weight  of  nitric  acid  diluted  with  an  equal  bulk  of  water,  and 
subjected  to  a  gentle  heat  in  a  retort.  The  parts  which  di- 
stilled over  were  preserved.  After  some  time  the  action  be- 
came very  violent,  and  gas  was  formed  in  such  quantities  as 
to  expel  the  contents  of  the  retort  forcibly  from  its  mouth. 
Tlie  retort  must  then  be  removed  from  the  fire,  when  the  ac- 
tion gradually  subsides.  When  again  placed  on  the  fire,  pro- 
tected by  a  sand-bath,  the  action  is  not  so  violent.  The  pro- 
cess of  oxidation  must  be  continued  for  some  days,  more  or 
less,  according  to  the  strength  of  the  nitric  acid  employed. 
When  the  quantity  of  nitrous  acid  fumes  decreases,  the  retort 
is  removed  from  the  fire.  In  the  receiver  are  found  nitric 
acid,  water,  and  a  peculiar  volatile  oily  acid,  which  new  com- 
pound will  form  the  subject  of  the  following  pages.     If  the 

*  Read  before  the  Chemical  Society,  April  27, 1841.  CominunicRted  by 
the  Society. 

f  Ann.  de  Chim,  et  de  Phys.,  Ixvi. 

I  Annalen  der  Pharmacie,  xxxv.  p.  86.  [Noticed  in  L.,  E.  and  D.  Phil. 
Mag.  for  Februaiy,  pres.  vol.  p.  115.] 
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fatty  mass  which  remains  in  the  retort  be  mixed  with  w 
and  distilled,  an  additional  quantity  of  the  acid  will  be 
tained. 

It  must  be  separated  from  the  acid  fluid  on  which  it  fl< 
mixed  with  water  and  redistilled,  which  process  must  be 
peated  several  times.  After  this  it  must  be  dried  by  stant 
over  melted  phosphoric  acid,  chloride  of  calcium  not  b 
adapted  to  the  purpose,  it  being  a  little  soluble  in  the  aci 

The  acid  procured  in  this  way  is  perfectly  colourless 
transparent,  having  an  agreeable  aromatic  smell  and  a  s 
stimulating  taste.  It  is  sparingly  soluble  in  water,  impai 
to  that  fluid  its  peculiar  smell.  It  is  soluble  in  nitric  i 
alcohol  and  aether.  When  raised  to  the  temperature  of  14C 
it  begins  to  boil,  and  a  small  part  distils  over ;  but  if  kep 
some  time  at  that  temperature,  it  becomes  black  and  u 
composed,  giving  off*  empyreumatic  products,  so  that  it  ca 
be  distilled  alone.  It  burns  with  a  clear  flame,  giving  ] 
smoke.  It  does  not  become  solid  though  cooled  to  — )  *; 
To  this  body  I  have  given  the  name  of  (Enanthylic  Acid^ 
reasons  which  will  be  stated  in  another  part. 

To  determine  its  composition  the  acid  was  burned 
oxide  of  copper. 

1st.  0*3305  substance  gave  0*7810  carbonic  acid,  and  O'i 
water. 

2nd.  0*4295  substance  gave  0*9905  carbonic  acid,  and  0*^ 
water. 

This  gives  in  100  parts, 

Ist.  2nd. 

Carbon 65*34  65*38 

Hydrogen 10*83  10*60 

Oxygen 23-83  24*07 

100*00  100*00 

(Enanthylic  .^Afr.— This  aether  is  formed  by  dissol 
the  acid  in  strong  alcohol,  and  passing  a  stream  of  by 
chloric  acid  gas  through  the  solution.  To  the  mixtui 
then  added  carbonate  of  potash,  in  order  to  neutralize  all 
acid ;  it  is  then  distilled.  The  aether  passes  over  into  tb( 
ceiver,  and  may  be  freed  from  any  alcohol  that  it  may  coi 
by  agitation  with  water.  It  must,  lastly,  be  distilled  over  ( 
ride  of  calcium  in  a  stream  of  carbonic  acid  gas,  as  it  L 
composed  by  the  oxygen  of  atmospheric  air,  at  the  tem[ 
ture  of  its  boiling  point 

The  oenanthyiic  sether  so  obtained  is  a  colourless  f 
lighter  than  water,  having  a  peculiar  and  agreeable  smel 
unlike  that  of  nitrobenzide.    It  has  a  sweet  and  some 
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pungent  taste,  leaving  a  disagreeable  sensation  on  the  palate« 
It  is  soluble  in  aether  and  alcohol,  and  burns  with  a  clear  blue 
flame,  giving  out  no  smoke.  It  is  solid  at  the  temperature 
produced  by  a  mixture  of  snow  and  salt,  and  is  then  crystal- 
line. 

Burnt  with  oxide  of  copper,  0*2195  substance  gave  0*54*85 
carbonic  acid,  and  0*3195  water;  making  in  100  parts, 

Carbon 68*57 

Hydrogen 11*57 

Oxygen 19*86 

100*00 

and  leading  to  the  following  composition : 

Per  cent. 

18  atoms  Carbon  »  1375*80  68*71 

18      „      Hydrogen    ..  =    224*63  11*22 

4     „      Oxygen  =    400*00  20*07 

2000*43  100*00 

Now  supposing  this  aether  to  be  composed  of  one  atom  ox- 
ide of  aethyl  and  one  atom  of  anhydrous  acid,  we  have  for  the 
composition  of  the  latter  C*^  H^'  O^,  and  adding  to  this  one 
atom  of  water  to  form  the  hydrate,  we  have,  in  100  parts, 

Per  cent. 

14  atoms  Carbon as  1070*09  65*05 

14      „      Hydrogen...  =     174-71  10*62 

4      „      Oxygen s    400*00  24*38 

1644*80  100*00 

which  calculated  result  agrees  with  the  numbers  found  by  ac- 
tual experiment  given  at  page  418. 

(Enanthylate  of  iSt'/v^.— This  salt  may  be  easily  prepared 
by  precipitating  a  neutral  ammoniacal  solution  of  the  acid  by 
nitrate  of  silver;  it  falls  in  the  form  of  a  white  flocculent 
powder. 

1st.  0*7165  of  this  salt  gave  *3265  silver,  which  is  equiva^ 
lent  to  0*3509  oxide  of  silver.    This  gives  per  cent. 

Oxide  of  silver 48*89 

CEnanthylic  acid 51*11 

100*00 

making  the  atomic  weight  of  the  anhydrous  acid  1517*0,  the 
calculated  result  being  1532*33. 

By  burning  the  salt  dried  in  vacuo  over  sulphuric  acid,  with 
oxide  of  copper,  0*7350  gave  0*9860  carbonic  acid,  and  0*3675 
water. 
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2nd.  0*8785  gave  I-ISOO  carbonic  acid,  and  0-4505  water. 

This  gives  in  100  parts, 

1st.  2nd. 

Carbon 35-20  SS'5e 

Hydrogen 5"55  5-68 

Oxygen 1027  978 

Oxide  of  silver. .     48*89  48-98 


100  100 

and  leads  to  the  following  theoretical  composition : 

Per  cent. 

14  atoms  Carbon 1070-090  85-86 

13      „       Hydrogen 162-233  5-43 

3      „       Oxygen 300*000  10-07 

1      „       Oxide  of  silver.  1451*61  48-64 

Atomic  weight...  2983-384  100-00 

The  formula  for  this  salt  is  then  O*  H>3  O^  +  Ag  O. 

(Enanthylate  of  Baryta, — This  salt  is  formed  by  boiling 
carbonate  of  baryta  with  an  alcoholic  solution  of  oenanthylic 
acid  till  the  fluid  no  longer  possesses  acid  reaction.  The  so- 
lution must  be  filtered  while  hot,  and  on  cooling  deposits  the 
salt  in  beautiful  pearly  scales,  which  are  insoluble  in  aether, 
but  soluble  in  water  and  alcohol. 

0*3520  of  this  salt  gave  0*1735  carbonate  of  baryta,  or 
0*1346  baryta,  the  atomic  weight  of  the  acid,  calculated  from 
this,  being  1545*54.     It  gives  in  100  parts, 

38*23  oxide  of  barium 

61*77  cenanthylic  acid 

10000 
1st.  0*4395  of  the  same  salt,  burned  with  oxide  of  copper, 
gave  0*6645  carbonic  acid,  and  0*2740  water. 

2nd.  0*3460  salt  gave  0*5200  carbonic  acid,  and  2190 
water. 

After  adding  to  the  carbon  that  which  remained,  combined 
as  carbonic  acid,  with  the  baryta  in  the  combustion  tube,  we 
obtain  in  100  parts. 

Carbon 44*84  44*58 

Hydrogen 6*91  6*87 

Oxygen 10*02  10*32 

Baryta 38*23  38*23 

100*00  100-00 
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which  gives  the  following  theoretical  numbers: 

Per  cent. 

U  atoms  Carbon =  107009  4298 

13     „      Hydrogen =   162-23  6-51 

3     „      Oxygen =  80000  1207 

1      „      Oxide  of  barium  =   956-88  38-44 

2479-20  100-00 

It  will  be  seen  by  the  preceding  numbers  that  an  excess  of 
carbon  is  found ;  but  this  may  be  accounted  for  by  the  high 
temperature  required  to  jurn  the  last  particles  of  carbon,  by 
which  some  of  the  carbonic  acid  might  have  been  driven  off 
from  the  carbonate  of  baryta  in  the  combustion  tube. 

The  formula  for  this  salt  is  one  atom  oenanthvlic  acid  and 
one  atom  oxide  of  barium,  or  C»*  H'^  O*  +  Ba  O. 

(Enanthylate  of  Potash  is  obtained  by  neutralizing  the  car- 
bonate of  that  alkali  by  oenanthylic  acid ;  it  does  not  crystal- 
lize, but,  on  evaporation,  assumes  the  form  of  a  thick  trans- 
parent jelly. 

The  Copper  Salt  crystallizes  in  beautiful  needles  of  a  rich 
green  colour,  soluble  in  alcohol,  and  sparingly  so  in  water. 

The  (Enanthylate  qfStrontian  appears  in  the  form  of  bright 
pearly  scales,  very  much  resembling  the  analogous  salt  of 
baryta. 

It  will  at  once  be  perceived  by  the  analyses  which  have 
been  given,  that  the  composition  of  anhydrous  oenanthylic  acid 
is  C'*  H'3  03,  and  it  enters  as  such  into  the  following  com- 
binations : 

CEnanthylate  of  water C»*  H'^O^  +  H^O 

„  oxide  of  aethyl.  C*  H'^  O^  +  O  H*  O 

„  „        barium  C»*  H'3  O^  +  Ba  O 

„  „        silver  .  C«*  H'^  O^  -f  Ag  O. 

Now  it  was  discovered  some  time  ago  that  wine  owes  its 
peculiar  smell  to  a  certain  acid  in  combination  with  oxide  of 
sethyl.  To  this  acid  Liebig  and  Pelouze,  its  discoverers,  gave 
the  name  oenanthic  acid  (flower  of  wine).  CEnanthic  acid  has 
the  following  composition,  C»*  H*^  O^  +  aq. 

The  analogy  between  this  acid  and  the  one  described  in  this 
paper  will  at  once  be  seen,  and  the  composition  of  the  two 
acids  would  lead  us  to  suppose  that  they  are  oxides  of  the 
same  radical,  which  may  for  the  present  be  considered  as  com- 
posed of  C'**  H»';  while  the  two  acids  are  respectively 

R  +  20 
R  +  30. 
On  these  grounds  I  have  given  the  hicher  oxide  the  name 
CEnanthylic  acid^  and  propose  for  the  Tower  oxide,  that  of 
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Liebig  and  Pelouze*,  the  name  (Enanthylous  acid.  It  is  i 
improbable  that  cenanthylic  acid  may  be  identical  with 
azoleinic  acid  of  Laurentf ;  but  he  did  not  obtain  it  in  a  st 
of  purity.  When  the  oenanthylate  of  silver  is  distilled,  th 
pass  into  the  receiver  an  oil  and  a  solid  body,  neither  of  wh 
possesses  acid  properties.  The  solid  body  is  soluble  in  1 
alcohol,  and  on  being  allowed  to  cool,  it  crystallizes  in  be 
tiful  needles. 

Suberic  acid  is  another  product  of  the  oxidation  of  cai 
oil ;  it  remains  in  the  retort  mixed  with  oxalic  acid :  it  n 
be  purified  by  repeated  crystallizations,  and  boiling  with  ni 
acid. 

Thus  obtained  and  dried  at  100^  C,  0*2710  substance  g 

*5490  carbonic  acid,  and  0*1990  water,  or,  in  100  parts, 

Found.         Atoms.        Calculated. 

Carbon  .  .  .     55*97  8  55*64 

Hydrogen  .       8*15  7  8*03 

Oxygen  . .  .     85'78  4  86*33 

100*00  100-00 

giving  the  formula  C^  H^  O  +  aq. 

The  other  acids  found  by  Laurent  did  not  appear  to  b 
been  formed ;  but  this  is  not  aiRrmed  with  positive  certaii 
as  the  examination  was  not  proceeded  with.  A  trace  of  lip 
acid,  however,  may  be  obtained  during  the  evaporation  of 
fluid  parts,  pressed  from  the  suberic  acid. 


LXVIII.  On  Bleaching  Salts.    By  M.  Detmer,  Esq. 

A  SHORT  time  ago  a  notice  was  published  by  M.  Mi 
-^  on  the  Bleaching  Salts  of  Chlorine,  in  whicli  a  new  v 
was  offered  of  the  constitution  of  these  compounds.  They  h 
for  some  time  past  generally  been  considered  as  compou 
or  mixtures  of  a  metallic  chloride  with  a  hypochlorite 
metallic  oxide;  bleaching  powder  or  the  chloride  of  lime, 
instance,  as  consisting  oichloride  of  calcium  and  hypochk 
of  lime,  in  single  equivalents,  the  acid  of  the  last  salt  cent 
ing  one  atom  of  oxygen  to  one  atom  of  chlorine.  The  n 
tion  of  chlorine  upon  lime  supposed,  may  be  very  sin 
stated :  two  atoms  of  lime  take  up  two  of  chlorine ;  one  a 
only  of  the  lime  is  decomposed,  of  which  the  calcium 
oxygen  respectively  unite  with  an  atom  each  of  chlorine,  fo 

*  Ann,  de  Chim.  et  de  Phyt,,  t.  Ixiii.  118. 
t  Ann.  de  Chim.  et  de  Phi/s„  t.  Ixvi.  172. 

I  Read  before  the  Chemical   Society,  April  27,  1841.    Cororounic 
by  the  Society. 
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ing  chloride  of  calcium  and  bypochlorous  acid.     The  hypo- 
cMorous  acid  combines  with  the  other  atom  of  lime. 

Starting  from  the  composition  of  chlorochromic  and  chloro- 
sulphuric  acids,  which  are  represented  by  Walter  and  Re- 
gnault  as  chromic  and  sulphuric  acids  in  which  the  third  pro- 
portion  of  oxygen  is  replaced  by  chlorine  (Cr  O,  +  CI  and 
S  Ofl  +  CI),  MUlon  supposes  that  the  bleaching  chlorides  have 
a  similar  relation  to  the  peroxides  of  their  metals.  The  per- 
oxide of  calcium  being  Ca  O^  or  Ca  O  +  O,  bleaching  pow- 
der is  Ca  O  +  CI,  or  we  peroxide  of  calcium,  widi  chlorine 
substituted  for  its  second  proportion  of  oxygen.  In  support 
of  this  view  Millon  adduces  observations  of  his  own  on  the 
composition  of  the  bleaching  compounds  of  chlorine  with  dif- 
ferent metallic  oxides,  such  as  oxides  of  lead  and  protoxide 
of  iron,  as  well  as  potash,  soda  and  lime,  in  which  the  pro- 
portion of  chlorine  was  found  to  vary,  but  to  correspond  with 
the  excess  of  oxygen  above  one  equivalent  in  the  peroxides  of 
the  same  metals.  In  particular,  potash  was  found  to  absorb 
two  equivalents  of  chlorine,  and  soda  only  one,  the  peroxide 
of  potassium  being  K  O  +  20,  while  the  peroxide  of  sodium 
laNaO+O. 

The  attention  of  the  author  was  particularly  directed  to 
ascertain  the  accuracy  of  the  latter  statement.  A  solution  of 
carbonate  of  soda  was  charged  with  chlorine  gas  till  it  acquired 
a  yellow  colour  and  retained  not  a  trace  of  carbonic  acid. 
The  solution  was  then  briskly  agitated  with  air,  by  which  the 
excess  of  free  chlorine  escaped.  In  analyzing  the  solution 
afterwards,  one  portion  of  it  was  treated  with  a  few  drops  of 
ammonia,  and  the  chlorine  afterwards  precipitated  by  nitrate 
of  silver;  another  portion  was  evaporated  to  dryness  for  the 
sodium,  which  was  obtained  in  the  state  of  chloride  of  sodium. 

In  four  experiments  the  liquids  charged  with  chlorine  con- 
tained chlorine  and  sodium  in  the  foUowing  proportions,  in 
lOOparU:— 

Sodium 47*88     45*26     46-81     44*76 

Chlorine 62-12     54-74     53-19     55-24, 

whil^  if  the  bleaching  chloride  of  soda  contained  1  eq.  of 
chlorine  to  1  eq.  of  soda,  its  composition  would  be 

1  eq.  sodium 46-9 1 

1  eq.  chlorine  •  • .  •    58-09 

100-00 

The  results  correspond  as  closely  as  could  be  expected 
with  this  theoretical  statement.  There  can  be  no  doubt  tlien 
that  the  chloride  of  soda  contains  one  of  chlorine  to  one  of 
soda.  This  is  the  result  required  by  Millon's  theory,  the 
peroxide  of  sodium  containing,  according  to  him,  one  of  oxy- 
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gen  and  one  of  soda;  but  it  is  equally  consistent  with  Balard's 
theory  that  the  salt  is  a  mixture  of  single  equivalents  of  chlo- 
ride of  sodium  and  hypochlorite  of  soda.  To  determine  ibe 
quantity  of  chlorine  which  water  dissolves,  a  stream  of  the  gas 
was  sent  through  water  at  59°  for  five  hours.  One  liundred 
grammes  of  water  were  found  to  lake  up  0*663  gramme  of 
chlorine;  or  20a  cubic  inches  of  water  dissolved  207  cubic 
inches  of  gas.  The  chlorine  was  estimated  by  converting  it 
into  hydrochloric  acid  by  the  addition  of  a  few  drops  of  am- 
monia, slightly  acidulating  afterwards  by  nitric  acid,  and  pre- 
cipitating by  nitrate  of  silver.  A  solution  of  2*58  chloride 
of  potassium  in  38*96  water  was  found  to  dissolve  less  chlo- 
rine than  pure  water,  in  the  proportion  of  180  to  257.  Chlo- 
rine gas  being  allowed  to  stream  through  a  solution  of  9'24'5 
grammes  carbonate  of  potash  in  96*495  grammes  of  water,  till 
saturation,  the  solution  lost  all  its  carbonic  acid  and  took  up 
6*631  grammes  of  chlorine.  Here  1  eq.  of  potash  =  590  has 
taken  up  656  chlorine,  which  is  very  nearly  1^  eq.  of  chlorine 
ss  663.  But  when  the  quantity  of  free  chlorine  in  the  liquid 
is  deducted,  the  latter  is  found  to  contain  only  1*34  equivalents 
of  chlorine  to  1  eq.  of  potash.  In  two  other  experiments,  in 
which  the  liquid  was  agitated  with  air  afler  being  saturated 
with  chlorine,  to  allow  the  excess  of  gas  to  escape,  there  were 
found  to  1  eq.  of  potash  1*44  and  1*43  equivalents  of  chlorine. 
I'he  carbonate  of  potash,  therefore,  without  doubt,  takes  up 
more  than  a  single  equivalent  of  chlorine.  But  the  quantity 
of  chlorine  combined  with  the  potash  is  still  greatly  short  of 
two  equivalents,  the  proportion  required  by  M.  Millon's 
theory ;  the  peroxide  of  potassium  containing  two  oxygen  to 
one  potash,  or  K  O3.  The  conclusion  therefore  is  inadmissi- 
ble, that  the  chloride  of  potash  is  analogous  in  constitution  to 
the  peroxide  of  potassium. 

It  remains  to  account  for  the  property  which  potash  is 
found  to  possess  of  taking  up  more  chlorine  than  is  necessary 
to  convert  it  into  chloride  of  potassium  and  hypochlorite  of 
potash.  On  transmitting  chlorine  through  carbonate  of  pot- 
ash, a  stage  in  the  absorption  is  very  observable,  at  which  the 
liquid  becomes  all  at  once  of  a  yellow  colour.  This  happens 
when  what  remains  of  the  potash  is  entirely  converted  into 
bicarbonate  of  potash.  The  suddenness  of  the  appearance  of 
the  yellow  colour  appears  to  be  due  to  a  reaction  of  the  car- 
bonic acid  upon  the  hypochlorite  of  potash  in  solution,  by 
which  hypochlorous  acid  is  set  free  and  tinges  the  liquid.  By 
the  continued  application  of  chlorine  to  the  bicarbonate  of 
potash,  it  is  converted  into  a  mixture  of  chloride  of  potassium, 
hypochlorite  of  potash,  and  free  hypochlorous  acid.     By  the 
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ultimate  action  of  the  chlorine  all  the  bicarbonate  of  potash  is 
decomposed,  the  carbonic  acid  entirely  expelled,  and  a  por- 
tion of  hypochlorous  acid  remains  free  in  solution. 

This  formation  of  free  hypochlorous  acid  does  not  occur 
with  carbonate  of  soda,  owing  to  the  much  we-aker  affinity 
which  that  base  has  for  carbonic  acid,  and  its  forming  a  much 
less  stable  bicarbonate  than  potash  does.  The  free  carbonic 
acid  cannot  therefore  react  upon  the  hypochlorite  of  soda, 
and  liberate  hypochlorous  acid  as  the  free  carbonic  acid  does 
upon  the  hypochlorite  of  potash.  The  same  formation  of 
free  hypochlorous  acid  occurs  in  a  more  striking  degree  when 
chlorine  is  sent  through  a  solution  of  acetate  of  potash ;  that 
solution,  it  is  well  known,  absorbs  a  large  quantity  of  gas,  and 
acquires  the  strong  yellow  colour,  the  odour,  and  all  the  other 
properties  of  free  hypochlorous  acid.  It  is  here  evident,  that 
by  the  action  of  chlorine  upon  acetate  of  potash,  chloride  of 
potassium  is  formed,  with  the  binacetate  of  potash,  free  hypo- 
chlorous acid,  and  the  hypochlorite  of  potash.  If  the  large 
absorption  of  chlorine  by  carbonate  of  potash  is  due  to  car- 
bonic acid,  it  follows  that  caustic  potash  should  not  absorb 
any  excess  of  chlorine^  but  that  the  property  should  be  con- 
fined to  the  carbonate.  Accordingly,  in  two  experiments,  the 
proportion  of  chlorine  absorbed  by  caustic  potash  was  found 
to  be  as  nearly  as  possible  a  single  equivalent.  In  one  ex- 
periment 449M  chlorine,  in  the  other  424*8  chlorine  were 
taken  up,  instead  of  442*6  chlorine,  by  a  single  equivalent  or 
589*9  of  potash.  Caustic  potash,  therefore,  dissolves  no  more 
chlorine  than  caustic  soda.  There  appears  therefore  to  be 
no  reason  to  abandon  the  old  theory,  that  the  bleaching  solu- 
tions of  chlorine  in  alkalies  and  alkaline  earths  contain  a  chlo- 
ride and  hypochlorite,  for  these  bleaching  compounds  certainly 
do  not  correspond  with  metallic  peroxides,  as  has  been  lately 
maintained. 


LXIX.  Ofi  a  linear  Method  of  Eliminating  between  double^ 
treble,  and  other  St/stems  of  Algebraic  Equations.  By  J.  J. 
Sylvester,  F.R.S.9  Professor  of  Natural  Philosophy  in 
University  College^  London, 

Part  I. — Binary  Systebis. 
T  ET  U  and  V  be  two  integer  complete  homogeneous  func* 
•*-'  tions  of  :i'  and^,  one  of  the  with,  the  other  of  the  «th  de- 
gree ;  and  let  it  be  required  to  express  the  condition  of  the 
coexistence  of  the  two  equations  U  =s  0  V  =  0  by  means  of 
the  equation  C  =  0,  where  C  is  free  from  all  appearances  of 

This  equation^  according  to  the  system  of  notation  de- 
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veloped  in  a  preceding  paper,  and  which  has  been  since 
adopted  and  sanctionea  by  the  high  authority  of  M.  Cauchy, 
I  call  the  final  derivative :  the  quantity  C  is  designated  the 
final  derivee :  and  it  is  our  present  object  to  show  how  this 
may  be  obtained  in  a  prime  form,  that  is  to  say,  divested  of 
irrelevant  factors :  in  this  state  it  must  consist  of  terms,  each 
containing  m  -\-n  letters,  of  which  n  belong  to  the  coefficients 
of  V,  and  m  to  those  of  U. 

Of  course  in  applying  this  rule  it  is  to  be  understood  that 
every  combination  of  powers  in  U  or  V  has  a  single  letter 
prefixed  for  its  coefficient,  and  that  in  the  final  derivee  powers 
are  represented  by  repetitions  of  the  same  character. 

Every  term  in  U  or  V  being  of  the  form  Cx^  .y^j  j?P  .y'  is 
called  an  argument,  c  its  prefix. 

Assume  two  integer  positive  numbers  r  and  r',  and  also  two 
others  $  and  y,  such  that  r  +  r':=n  —  1  5  +  <^ssiii—  1, 
and  form  from  U  =  0  V  as  0  two  new  equations. 

Such  equations  are  termed  the  Augmentatives  of  the  two  given 
ones  respectively;  9\%Qaf  .t/^ .  U  and  its  fellow  are  termed  the 
Augmentees  of  U  and  V. 

r  and  r'  are  termed  the  indices  of  augmentation  belonging 
to  U,  «  and  si  the  same  belonging  to  V. 

Finally,  it  will  be  useful  hereafter  to  call  the  ffiven  poly- 
nomials U  and  V  themselves  the  proposees,  and  the  given 
equations  which  assert  their  nullity,  the  propositive  equations, 
or,  briefly,  the  propositives. 

Now  as  many  augmentees  of  either  proposee  can  be  formed 
as  there  are  ways  of  stowing  awav  between  two  lockers 
(vacancies  admissible)  a  number  of  things  equal  to  the  index 
of  the  other*;  hence  we  shall  have  n  augmentees  of  U}  and  m 
of  V :  thus  there  will  h%m  •\-  n  augmentatives  each  of  the 
degree  m  +  n  —  1,  and  the  number  of  arguments  is  clearly 
m  -\-  n  also,  so  that  they  can  be  eliminatea  linearly,  and  the 
final  derivee  thus  found,  containing  m  +  n  letters  (properly 
aggregated)  in  each  term,  will  be  in  its  prime  form,  that  is, 
incapable  of  further  reduction,  and  void  of  irrelevant  factors. 

It  is  worthy  of  remark,  that  the  final  derivee  obtained  by 
arranging  in  square  battalion  the  prefixes  of  the  augmentees, 
permuting  the  rows  or  columns,  and  reading  off  diagonal 
products,  affected  each  with  the  proper  sign  (according  to  the 
well  known  rule  of  Duality),  will  not  only  be  free  from  fac* 

*  '*  Tot  Augroenta  utriusvis  ex  eequationibus  propositis  formari  possunt 
<]uot  modi  sint  inter  duo  receptacula  (utrivis  vel  ambobus  omnino  vacare 
licet)  rerum^  quarum  numerus  indicem  aiterius  sequat,  distributionem  ftici- 
endi." 
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torial  irrelevancy)  but  also  of  linear  redundancy,  which  latter 
term  I  use  to  signify  the  reappearance  of  the  same  combination 
of  prefixes,  sometimes  with  positive  and  sometimes  with  nega- 
tive signs :  furthermore,  it  follows  obviously  from  the  nature 
uf  the  process  that  no  numerical  quantitv  in  the  final  derivee 
will  be  greater  than  the  higher  of  the  indices  of  the  two  given 
polynomials. 

Part  II. — Ternary  Systems. 

Case  A.^-Indices  all  equal. 

Method  I. 

Lei  there  be  now  three  proppsees,  U,  V,  W,  inteser  com- 
plete homogeneous  functions  of  jr,  y^  z,  each  of  the  oegree  n : 

let  r  +  r'^  r"-  n- 1,  s  +  s'  +  5"  =  n- 1,  /  +  /'+  ^'=  n  - 1, 

will,  as  above,  be  called  the  augmentees  of  U,  V,  W,  and 
every  other  part  of  the  notation  previously  described  is  to  be 
preserved. 

Suppose  now  U  as  0,  V  =  0,  W  a  0, 

we  shall  have  as  many  augmentative  equations  formed  from 
each  proposee  as  there  are  ways  of  stowing  away  n  things  be- 

tween  three  lockers  (vacancies  admissible)"*",  i.  e.  n .  — - —  of 

each  kind ;  in  all,  therefore,  3  .  —^ ,  and  every  one  of 

these  will  be  of  the  degree  2  n  —  1,  so  that  the  number  of 

arguments  to  be  eliminated  is  equal  to  the  number  of  ways  of 

stowing  away  2  n  •*  1  things  between  three  lockers  (empty 

.     ,    .        2  n  .  (2  n  +  1) 
ones  counting),  1.  e. ^-^ '-. 

As  vet,  then,  we  have  not  enough  equations  for  eliminating 
these  linearly. 

Make,  however,  a-f/3-fy  =  n4-l> 

and  write  U  =  j:* .  F  +  /  .  F  +  a^.  F"  =  0, 

V  =  ^ .  G  +  / .  G' +  a'' .  G"  =  0, 

W=^.H+/.H'-|-;?''.H"  =  0, 

it  will  always  be  possible  to  make  the  multipliers  of  af^^  ^,  z^ 
integer  functions :  for  if  we  look  to  any  argument  in  U,  V,  or 
W,  it  is  of  the  form  af^  .^ .  2^  and  one  of  the  letters  a,  6,  c 
must  be  not  less  than  its  correspondent  «,  /3,  7,  for  otherwise 
«  -f  6  -f  c  would  be  not  greater  than  a  +  |3  -f-  y  —  3,  i.  e. 
n  would  be  not  greater  than  (n  -f  1)  —  3,  or  n  —  2,  which  is 

*  See  for  Latin  translation  the  preceding  note. 
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absurd :  if  now  any  one,  as  (a),  be  equal  to  or  greater  than  a,  it 
may  be  made  to  supply  an  integer  part  to  the  multiplier  of  **• 

Here  it  may  be  asked  what  is  to  be  done  with  such  terms 
as  K .  .a/*  .^ .  3*^,  when  two  letters  a^  b  are  each  not  less  than 
their  correspondents  a,  /3 :  the  answer  is,  such  terms  may  be 
made  to  enter  under  the  multiplier  of  x*^  or  of  jfi^  or  to  supply 
a  part  to  both  in  any  proportion  at  pleasure*^. 

From  the  equations  above  we  get,  by  linear  elimination, 
F.G'.H"  +  G.H'.P'+  HP.G" 
-  G.  F.  H"  -  H  .G'-  F'  -  F.  H'.  G"  =  0. 
This  may  be  denoted  thus :  11  (a,  /3,  y)  =  0,  which  equation  I 
call  a  secondary  derivative,  and  the  left  side  of  it  a  secondary 
derivee;  a,  j3,  y  may  likewise  be  termed  the  indices  of  derivation 
(as  r,  5,  t^  etc.  are  of  augmentation). 

Now  since  a  +  /3  -f  y  =  '^  +  I9  it  is  clear  then  the  index 
of  n  (a,  j3,  y)  is  always  n4-«-f-»~(«-f  1);  i.  e.  2n  —  1. 

1st.  Let  any  two  of  the  indices  of  derivation  be  taken  zero, 
then  it  is  easily  seen  that  all  the  terms  in  11  (a,  j3,  y)  vanish, 
and  consequently  the  secondary  derivative  equations  obtained 
upon  this  hypothesis  become  mere  identities,  and  are  of  no  use. 

2nd.  Let  any  one  of  them  become  zero. 

It  is  manifest,  from  the  doctrine  of  simple  equations,  that 

n(a,/3,y)  may  be  made  equal  to<  A .  U  -f  ft .  V  -h  v  .  W  >•  — » 

or/x'.U  +  ft'.V+v'.wV^' 

or/x".  U  +  1,4".  V  +  «'"-w}- jy» 

upon  the  understanding  that 

A  =G'.H"-G".H',  f^  =H'.F"-H".F,  v  =F.G^-F'.G', 
X'  =G".H  -G  .H",  itt'  =H".F  ~H  .F",  1/  =F.G  -F  .G", 
A"=G.H'-G'.H,   |x"=H.F-H'.F,    i^=F.G'-F.G. 

The  three  rows  of  coefficients  will  be  respectively  of  the 
degrees  («-./3)  +  (w-y),  (n-7)  +  (w-a),  (n-«)  +  («-/3). 

Thus  if  any  one  of  the  indices  «,  ft  y  be  zero,  11  (a,  /3,  y) 
becomes  identical  with  A*'  .  U  +  f*'.  V  -f-  /  .  W,  where  the 
multipliers  of  U,  V,  W  are  of  2  71  —  (a  +  j3  +  7)  dimensions, 
i.  e.  of  (w  —  1)  dimensions,  and  may  accordingly  be  put  under 
the  form 

SA.;r^././'.U+S.B.a^./.2^'.V+2.C^./.;5^''.W, 

•  The  prefixes  of  any  sucb  terms  (say  K)  may  be  conceived  as  made  up 
of  two  parts,  an  arbitrary  constant^  as  e  and  (K  -  c)  5  ^  will  disappear  spon- 
taneously from  the  final  derivee. 


Digitized 


by  Google 


double^  treble,  and  other  Systems  of  Algebraic  Equations.    429 

that  is  to  say,  becomes  a  linear  Junction  of  the  augmentatives, 
and  therefore  if  combined  with  them  in  the  process  of  linear 
elimination  would  give  rise  to  the  identity  0  =  0. 

Hence  we  must  reject  all  such  secondary  derivatives  as  have 
zero  for  one  of  the  indices  of  derivation.  But  all  others,  it 
may  be  shown,  will  be  linearly  independent  of  one  another, 
and  of  the  augmentees  previously  found.     Hence,  besides 

3.         equations  of  augment  of  the  degree  2  »  —  1,  we 

shall  have  of  the  same  degree  so  many  equations  of  derivation 
as  there  are  ways  of  stowing  away  between  three  lockers 
(n  -f  1)  things,  under  the  condition  that  no  locker  shall  ever 

u    1  11        -.     •       ».(»—  1)* 
be  left  empty f  i.  e.  — ^ ^.* 

Thus,  then,  in  all  we  have  n  .  -^ —  +  3 .       ^  "^   ■ 

s-  — ^^-^ '  equations,  which  is  exactly  equal  to  the  num- 
ber of  arguments  to  be  eliminated.  Hence  the  final  derivee 
can  be  obtained  by  the  usual  explicit  rule  of  permutation,  and 
moreover  will  be  fV^  lamest  form,  for  it  will  contain  in  each 

term  ^ '  ^^* prefixes  belonging  to  the  augmentatives  of  U, 

and  a  like  number  pertaining  to  those  of  V  and  of  U,  as  well 

as  n  •  — 5—  belonging  to  the  secondary  derivatives,  each  pre- 

fix  in  any  one  of  which  is  triliteral,  containing  a  prefix  drawn 
out  of  those  belonging  to  each  of  the  proposees. 

Thus  every  member  containing  7*.    ^—  -Vn.—- — ,  i.e. 

n*  of  the  original  prefixes  belonging  to  U,  V,  W,  singly  and 
respectively,  the  final  derivee  evolved  by  this  process  will  be 
in  its  lowest  terms ;  as  was  to  be  proved. 

Case  A. — Indices  all  equal. 
Method  2. 

It  is  remarkable  that  we  may  vary  the  method  just  given  by 
making  r+/-fr''=»-2,  5  +  5'+5''=n-2,  ^  +  /'+ /'(=«-2. 
The  augmentatives  will  thus  be  of  the  degree  2  «  —  2. 

Furthermore,  we  must  make  a  +  j3-f7=«-f2.  It  will 
still  be  possible  to  satisfy  by  integer  multipliers  the  equations 

W=^«.H  +  /.H'H-;2ry.H". 
•  Vide  page  4^  for  the  Latin  version. 
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[these  it  will  be  useful  in  future  to  term  the  equationsy 
^*  ^»  z^  being  the  arguments^  and  F,  G,  H,  etc.  the  Jactors 
of  decomposition]  for  otherwise  calling  the  indices  of  x,  y^  z 
in  any  original  argument  a,  6,  c,  their  sum  or  n  would  be  not 
greater  than  (« -f  2)  —  S,  i.  e.  (n  —  1,)  which  is  absurd. 

For  the  same  reasons  as  in  the  last  case  no  index  of  aug^ 
mentation  must  be  made  zero:  the  degree  of  each  will  be  (n— a) 

(ft  I  1  \  ft 
-f  (n  —  j3)  +  («  —  7j)  i.e.  (2n— 2,)  and  their  number  ^        ^    ; 

the  number  of  augmentatives  will  be  3 .  ^ —  linearly  un- 

involved,  each  of  the  degree  2  n  —  2,  and  therefore  containing 

(2n-l)2n 

^ ^ arguments. 

Now  (^+1)^  .  S.{n^i)n_(2n^l)2n 
iNow         ^        -r  2  ""  2  • 

Hence  the  final  derivee  may  be  found,  and  it  will  be  in  its 
lon^st  termSj  for  every  member  will  contain  ^ — —r  letters 

due  to  the  augmentative,  and  --^ — ~ — —  due  to  the  partial 

derivative  equations;  in  all  then  there  will  be  S  n^  letters  in 
each  term. 

This  second  method  being  applied  to  three  quadratic  equa- 
tions of  the  mo$t  general  form,  leads  to  the  problem  of  elimi- 
nating between  six  simple  equations  which  lies  within  the 
limits  of  practical  feasibility,  and  it  is  my  intention  to  register 
the  final  derivee  upon  the  pages  of  some  one  of  our  scientific 
Transactions  as  a  standins  monument  for  the  guidance  of 
hereafter  coming  explorers^. 

Scholium  to  Case  (A). 
If  we  attempt  to  carry  forward  these  processes  to  quater- 
nary systems,  it  becomes  necessary  to  malce 

a  +  /3-fr+8=(r-2)n  +  n    -^Uere  r  is  the  number 
or  else  a  +  ^  +  y4.8=:(r-2)w-f  2/»^'^®^«^*stne  number 

ofproposees. 

Now  if  the  factors  in  the  eauations  of  decomposition  are  all 
integer,  one  of  the  indices  or  derivation  must  be  not  greater 
than  the  corresponding  index  in  any  of  the  original  argu- 
ments, which  may  easily  be  shown  to  be  always  impossible  for 
a  system  of  equations,  comp/^/^  in  all  their  terms,  whenever  their 

*  Elimination  between  two  quadratics  leads  to  a  final  derivee  made  up 
o£  seven  terms  only;  the  final  derivee  of  three  quadratics  is  made  up  of  at 
least  several  thousand;  nay,  I  believe  I  may  safely  say,  several  myriadi  of 
terms  I 
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number  r  is  greater  than  three,  ifa-fj3+y+8=:(r— 2)n  +  2; 
but  ifa  +  /3+r  +  8  =  (r—  2)71+  1  only  possible  for  the 
case  of  n  =:  2,  and  for  that  case  alone. 

Particular  method  applicable  io  four  Quadratics. 

^  Let  U  =  0,  V  =  0,  W  =  0,  Z  =  0,  be  four  quadratic  equa- 
tions existing  between  x^  1/9  Zj  t: 

Make^r.UaO  x.W  =  0  a'.W  =  0  jr.Z  =  0 

y.UzzzO  y.V^O  y.W  =  0  j^.Z  =  0 

«.U  =  0  «.V  =  0  «.W  =  0  ».Z  =  0 

l^.UaaO  /.V  =  0  f.W  =  0  /.ZasO. 

Also  write  U  =  a:* .  F  +  y  .  F'  +  « .  F"  +  / .  F"'  =  0 

V  =  ^ .  G  +  J/ .  G'  +  »  .  G"  +  / .  G"'  =  0 

W=:^«.H+y.H'  +  2.H"  +  ^.H'"«0 

Z  =  a;«.K+j^.K'-f  ».K"  +  /.K'"  =  0. 

By  eliminating  linearly  we  get 

SiFSG'.  (H"K'"-.H'".  K")}  =  0,  which  will  be  of  the  third 
degree,  since  the  factors  represented  by  the  unmarked  letters 
F,  G,  H,  K  are  of  zero,  and  all  the  rest  of  unit  dimensions. 

Similarly  we  may  obtain  other  equations,  so  that  besides  the 
sixteen  augmentatives  already  written  down,  we  have  four  se- 
condary derivatives,  namely, 

n(2iii)=io  n(i2ii)=o  n(ii2i)=o  n(iii2)=o. 

Thus  we  have  twenty  equations  and  as  many  arguments  to  eli- 
minate, since  a  perfect  cubic  function  of  four  letters  contains 
twenty  terms. 

The  final  derivee  will  contain  16  +  4*4  letters,  i.  e.  82,  8 
or  2^  belonging  to  each  system  of  original  prefixes  in  each 
member,  and  will  therefore  be  in  its  lowest  terms :  for  one  of 
the  canons  of  form  teaches  us,  a  priori^  that  every  member  of 
the  derivee  deduced  from  any  number  of  assumed  equations 
must  contain  in  each  member  as  many  prefixes  belonging  to 
one  equation  of  the  system  as  there  are  units  in  the  product 
of  the  indices  of  all  the  rest  taken  together. 

Corollary  to  Case  (A), 
Either  of  the  two  methods  given  as  applicable  to  this  case 
enables  us  to  determine  integer  values  of  X,  Y,  Z,  which  shall 
satisfy  the  equation 

X.U  +  Y.V  +  ZW==F.x^y.»% 
where  F  is  the  final  derivee  and  j?  +  g4-r  =  8n  —  2.     For 
by  the  doctrine  of  simple  equations  we  know  how  to  ex- 
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press  F  in  terms  of  the  linear  functions,  out  of  which  it  is  ob- 
tained by  permutation,  i.  e.  we  are  able  to  assimi  values  of 
A,  B,  C,  and  their  antitypes,  as  also  of  L  and  its  antitype, 
which  shall  satisfy  the  equation 

+  2(L.n(«,fty))  =  F.a/.3^.;^*      .    .    .    (1.) 

where  A,  B,  C,  as  well  as  L  and  all  the  quantities  formed 
after  them,  are  madeup  of  integer  combinations  of  the  original 
prefixes. 

Now  the  functions  11  (a,  (8,7)  may  be  expressed  in  three  ways 
in  terms  of  U,  V,  W,  as  has  been  already  shown. 

We  may  therefore  suppose  these  functions  to  be  divided 
into  three  groups,  and  make 


X 


^^R.U4.R'.V+_R^W 

or 

S.U  +  S'.V  +  S".W 
+  2.      .  ^^  ^ 

And  it  is  evident  that  the  equations  (L)  and  {2.)  lead  imme- 
diately to  the  equation 

X.U-f  Y.V4-Z.W=Fx«+/./  +  ^.;s^  +  *, 
if  we  call  a,  6,  c  the  greatest  values  attributed  respectively  to 

«>  ft  r- 

Now  if  we  suppose  the  first  method  to  be  followed, 
/^-^  +  //  =  2w-l. 

And  it  will  always  be  possible  to  make  a^  d,  c  of  what  values 
we  please  subject  to  the  condition  ofa  +  ^-fc  =  «  —  1; 
for  one  at  least  of  the  indices  of  derivation  in  n  (a,  j3,  y)  must 
be  not  greater  than  its  correspondent  among  a^  by  c;  other- 
wise «  +  jS  +  y  would  be  not  less  than  (a  +  6  +  c)  -f  3, 

^"^  a  +  6  t  c  =  II  -  1}'  ^'^^^'^  '^  ^^^""•^• 

Hence  we  can  satisfy  X.U+  B.Y  +  Z.W=  F.^.y.s% 
p^  y,  r  being  subject  to  the  condition  ofp  -fj+r=:3ii  —  2, 
but  otherwise  arbitrary. 

Moreover,  we  can  not  do  so  if  j»  -f  y  +  r  be  less  than  3  «  —  2, 
for  that  would  require  a  +  6  +  c  to  be  less  than  w  —  I .  Now 
if  two  of  the  indices  of  derivation,  as  «  and  j3,  be  made  equal 
to  a  +  1,  6  +  1  respectively,  the  third  7  =  (»  +  1)  —  (a  +  6 
-f  2)  =  (n  —  1)  —  (a  +  ft),  and  is  therefore  greater  tlian  c: 
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so  that  M  +  /3  +  7  for  this  case  becomes  greater  than  a+b  +c^ 
and  the  method  falls  to  the  ground. 

In  fact,  I  have  discovered  a  theorem  which  lets  me  know  this, 
d  priori^  a  law  which  serves  as  a  staff  to  guide  my  feet  from 
falling  into  error  in  devising  linear  methras  of  solution,  and 
the  importance  of  which  all  candid  judges  who  have  studied 
the  general  theory  of  elimination  cannot  fail  to  recognize.  To 
wit,  if  Xj  X^  X3  .  .  .  .  X^  be  (n)  integer  complete  polynomial 
functions  of  n  letters  x^x^.  .•  x^  and  severally  of  the  degree 

b^b^b^ b^\   then  it  is  always  possible  to  satisfy  the 

identity, 

"1  •  "^l  "^  ^9  •  ^2  "^"  *3  •  X3  -f"  •  •  •  •  -|-  i  ^ .  A.^ 
=  F .  Xy^i  •  A*2«2 .  a:3«3  .  .  •  x^n 

if  aj  +  aj  4-  03  + +  a^  be  equal  to  or  greater  than 

*i  +  *«  +  *8  + +  ^n  —  w  -f-  1,  but  otherwise  not*. 

This  again  is  founded  immediately  upon  a  simple  proposition, 
of  which  I  have  obtained  a  very  interesting  and  instructive  de- 
monstration, shortly  to  appear,  and  which  may  be  enumerated 
thus :  "  The  number  of  angmentees  of  the  same  degree  that  can 
be  formed^  linearly  independent  of  one  another^  out  of  any  num^ 
ber  of  polynomial  functiotis  of  as  many  variables^  may  be  either 
equal  to  or  less  than  the  number  of  distinct  arguments  contained 
in  such  augmenteeSf  but  never  greater.  The  latter  will  be  the 
case  w/ien  the  index  of  the  augmentees  diminished  by  unity  is  less 
than  the  sum  of  the  indices  of  the  original  unaugmented  poly^ 
nomials  each  so  diminished;  the  former^  when  the  foresaid  index 
is  equal  to  or  greater  than  the  aforesaid  stimJ* 

To  return  to  the  particular  case  of  finding  X,  Y,  Z  to  sa- 
tisfy X.U  +  Y.V  +  Z.  WsF.j^'.y.z^ 

This  has  been  already  done  according  to  the  first  method ; 
if  we  employ  the  second  method  of  elimination  we  shall  have 
f^g  +  A  =  2n-2; 

*  Hence  it  is  apparent,  that  in  applying  the  method  of  multipliers,  a  curi- 
ous and  important  distinction  exists  between  the  cases  of  there  bein^  two 
equations,  and  there  being  a  greater  number  to  eliminate  from :  for  m  the 
first  case  the  element  of  arbitrariness  needs  never  to  appear ;  in  the  latter 
it  cannot  possibly  be  excluded  from  appearing  in  the  multipliers. 

This  will  explain  how  it  comes  to  pass  that  the  method  of  the  text  may 
be  employed  to  give  various  solutions  of  the  X  .  U  -|-  Y  .  V  -|-  Z .  w 
z=z¥  .j^  ,jf^  »z^;  thus  not  only  can  (p),  (q)  and  (r)  be  variously  made  up 
of  (/+  «)>  (g  4-  *)•  (A  -f  c)»  but  also  n  («,/8,  yj  when  two  of  the  indices 
(«y  fi  suppose)  are  each  not  greater  than  the  assigned  greatest  values  a,  b 
may  be  made  to  figure  indifferently  either  under  the  form 

or  that  of *-—; . 
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but,  now  since  a  +  ^-f-ys^n+^y  we  shall  easily  see  bv  the 
same  method  as  above,  that  the  least  value  of  a  +  6  +c 
(where  a,  i,  c  denote  respectively  the  greatest  values  of  «,  /3,  y, 
appearing  in  the  denominator  oF  the  fractional^rm^  used  to 
express  II  («,  (3, 7),  will  be  one  Ki'eater  than  before,  or  n;  so 
that  f  +  g-{'h'\-a^b  +  c  will  still  be  equal  to  Sn  —  2,  as 
we  might,  a  priori^  by  virtue  of  our  rule,  have  been  assured* 

Ternary  Systems. 
Case  (B). — 7W  qfthe  indices  equal ;  the  third  less  by  a  unit. 

Let  U  =  0,  V  =  0,  W  =  0,  be  the  three  given  equations  se- 
verally of  the  degree  « ,  « ,  (n  -^  1). 

Maker+r'  +  r"»yi— 2,  5.|-5'+5"=n— 2,  ^  +  /'+^'=«— 1, 
by  multiplying  U  into  a?** .  y*" .  s/',  V  into  a?* .  y*' .  s/\  W  into 
a^  .y .  )s^',  we  obtain  augmentees  each  of  the  same,  namely, 
the  C2n  —  2)th  degree. 

The  number  of  these  ia,  ll:^  4- 12^:^ 

2  2  2 

Again,  make  a  +  /3  +  7  =  n  +  l* 

It  will  still  be  possible,  as  before,  to  form  equations  of  de- 
composition in  which  a*  %^  z^  are  the  arffuments,  and  affected 
with  integer  factors.  For  if  we  look  to  W  even^  all  its  argu- 
ments are  of  the  form  a:**  .y* .  »S  where  a  +  A  -j-  c  =  (n  —  1), 
and  each  of  these  cannot  be  less  than  its  correspondent,  for  that 
would  be  to  say  that  (n — 1 )  is  not  greater  (n  -I- 1 ) — S,  a  fortiori, 
U  and  V  can  be  decomposed  in  the  manner  described. 
Thus,  then,  we  shall  obtain  as  many  secondary  derivees  as  in 

the  last  case  (Method  l,)*  »•  e.     '  ^ (since  «  +  /3  +  y  is 


still  equal  to  n  +  l),  as  before.   Moreover,  each  of  these  will 
be  of  {n-'Oi)  +  (n— /3)  +  (n— 1— y),  i.  e.  of  2  n  —  2  dimen- 
sions. 
Altogether,  therefore,  we  have 

/(n^l)n      (n-l)n      n(n  +  l)\    ,  (n^l).n 
\2'^2"^2j"^  2 

linear  independent  equations  of  the  degree  2  n  —  2,  and  the 

number  of  arguments  to  eliminate  is 5—^ — .     Now 

these  two  numbers  are  equal.     Thus  we  obtain  a  final  deri- 

vee  containing  of  U's  coefficients  - — "^   '    -|-  ^    "^       ,   an 
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equal  number  of  V's,  but  of  W%  — ^  ^       ^  +  - — 2^* 

now  « (n  —  1),  n  («  —  1)  and  n*  exactly  express  the  number 
that  ought  to  appear  of  each  of  these  respectively :  hence  the 
6nal  derivee  is  clear  qf  irrelevant  factors. 

Ternary  Systems. 

Case  (C).    Two  of  the  indices  equal ;  the  third  one^  greater  by 

a  unit. 
Here,calling(w)  the  highest  index,  the  augmentees  must  each 
be  made  of  the  degree  (2  n— 3,)  their  number  will  evidently  be 
Jn-^Hn-l)  _^  (n-l)«  ^  ("^D",  ^^king  the  sum 

of  the  indices  of  derivation  now,  as  before,  equal  to  (n  -h  1 ) ; 
it  will  be  still  possible  to  form  integer  equations  of  decompo- 
sition, which  will  give  rise  to  augmentatives  of  the  dqj;ree 
rn  ~a)  +  (w— I)  — /3-f  (n— 1)-  y,  i.e. of (2 n— 3) dimensions. 
The  total  number  of  equations,  what  with  augmentatives  and 

secondary  derivatives,  will  be  -< ^ * 2 

(w-l)n"\       »(n-l)  _  4n^-4n-f2      (2n-2)(2n-l) 

+       2       J  ■*■        2 2  "^  2  * 

i.  e.  is  equal  to  the  exact  number  of  distinct  arguments  con- 
tained between  them. 

Also  the  final  derivative  will  contain   in  each   member 

(n^2)(n^l)  _^  n,(n-l)^  i.  e.  («  -  1 )  («  «  1 ),  letters  be- 

,    /•               .          j(n  —  l)n      n,  (n  —  1)    . 
longmg  to  the  first  equation,  and  ^^ — H ^ '  '•  ®' 

n.{n  —  I)  belonging  to  those  of  the  second  and  of  the  third, 
and  will  therefore  be  in  its  lowest  terms. 

Corollary  to  Case  (B)  and  (C). 
It  is  not  necessary,  after  all  that  has  been  already  said,  to 
do  more  than  just  point  out  that  the  processes  applicable  to 
these  cases  enable  us  to  determine  X,  Y,  Z,  which  satisfy  the 
equation  X.U  +  Y.V  +  Z.WrrF-a/.y.«*. 

where  f -\-  g  +  h     s=     3n~3for  case  (B). 
and  /  +  g  +  A     =     S  n  —  4  for  case  (C). 

22  Doughty  Street,  Meckknburgh  Square,  April  29,  1841. 
[To  be  continued.] 
2  F2 
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LXX.     Notices  of  the  Results  of  the  Labours  of  Continental 
Chemists.    By  Messrs.  W.  Francis  and  H.  Croft, 

[Contiaued  from  p.  372,] 

The  Cacodyl  Series  (continuation). 

pROTOCHLORIDE  of  cacodyl,  KdCl«,  cannot  be  obtained 

purebydistilling  theoxideof  cacodyl  with  hydrochloric  acid; 
a  basic  salt  is  then  formed.  The  best  method  is  to  distil  hy- 
drargochloride  of  cacodyioxide  with  hydrochloric  acid ;  the 
product  must  be  dried  over  lime  and  chloride  of  calcium,  and 
then  distilled  alone  in  a  tube  filled  with  carbonic  acid : 

"  ^'  J  Hg«CK 

Theliquid  thus  obtained  is  aethereal,  colourless,  does  not  solidify 
at  —  45®  C,  and  is  converted  a  little  above  100°  C.  into  a  co- 
lourless gas,  which  inflames  in  the  air.  The  fluid  itself,  when 
burnt,  deposits  metallic  arsenic,  or  arsenious  acid,  accordingly 
as  the  air  has  more  or  less  access.  In  oxygen  it  explodes 
violently  when  heated.  When  the  air  has  but  very  slow  ac- 
cess to  it,  it  deposits  beautiful  colourless  crystals.  In  chlorine 
it  inflames  and  burns  with  deposition  of  carbon.  Its  smell  is 
extremely  penetrating  and  stupifying.  In  greater  quantities 
it  excites  to  such  an  extent  the  mucous  membrane  of  the  nose, 
that  it  swells,  and  blood  drops  from  the  eyes.  It  does  not  dis- 
solve in  water,  but  imparts  its  odour  to  it.  In  aether  it  is  in- 
soluble, but  soluble  in  alcohol.  Dilute  nitric  acid  dissolves  it 
without  decomposition,  the  concentrated  acid  causes  explosion. 
The  chlorine  is  precipitated  entirely  by  silver  salts.  Caustic 
lime  and  baryta  do  not  decompose  it,  except  at  a  high  tem- 
perature. An  alcoholic  solution  of  potash  forms  chloride  of 
potassium,  and  an  sethereal  volatile  substance  containing  no 
chlorine  (C^  H^^  As^?),  easily  soluble  in  water  and  alcohol. 
Sulphuric  and  phosphoric  acids  separate  the  hydrochloric  acid. 
Formula  C*  H»«  As«  Cl«;  sp.  gr.  of  vapour  ^'56i  calculated 
4-86. 

By  passing  dried  hydrochloric  acid  gas  into  alkarstn,  a  hy- 
drate of  protochloride  of  cacodyl  is  formed  ;  it  is  a  thick  oily 
fluid,  which  is  decomposed  bv  distillation. 

Protoiodide  of  Cacodyl^  Kd  P. — Formed  by  the  distillation 

of  cacodyioxide  with  concentrated  hydriodic  acid ;  in  the  re- 
ceiver under  the  water  there  appears  a  yellowish  oily  liquid, 
which  by  slow  cooling  forms  beautiful  rhomboidal  laminae  of 
a  yellow  substance ;  it  is  then  cooled,  and  the  iodide  remaining 
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fluid  is  separated,  and  again  distilled  with  hydriodic  acid.  In 
order  to  free  it  from  water,  it  is  allowed  to  stand  some  days  in 
a  closed  tube  in  contact  with  lime  and  chloride  of  calcium,  and 
then  distilled  in  a  tube  filled  with  carbonic  acid  until  the  half 
or,  at  the  most,  two  thirds  has  passed  over.  The  iodide  thus 
produced  is  a  thin  yellowish  liquid^  smells  somewhat  similar 
to  the  chloride,  has  a  high  specific  gravity ;  remains  fluid  at 
—  lO^C. 

Boiling  point  considerably  above  100*^  C,  The  vapour  of 
it  is  yellowish.  If  allowed  to  stand  in  the  air,  forms  beautiful 
prismatic  crystals.  The  iodide  is  soluble  in  aether  and  alcohol ; 
insoluble  in  water;  decomposed  by  sulphuric  and  nitric  acid. 
When  heated  in  the  air  it  burns  yielding  vapour  of  iodine. 
Formula  C*  H»«  As*  I^  The  specific  gravity  of  the  vapour 
could  not  be  determined,  because  it  is  easily  decomposed  by 
mercury.    The  calculated  is  5'816. 

Protobromide,— Formed  by  distillingconcentrated  hydrobro- 
niic  acid  with  hydrargochloride  of  cacodyloxide ;  it  forms  a 
fuming  yellow  liquid^  very  similar  in  its  properties  to  Kd  CI. 

Protcfiuoride  is  obtained  in  a  manner  analogous  to  the  pre- 
ceding ;  it  is  a  colourless  fluid  of  insupportable  smell,  inso- 
luble in  water,  but  suffers  decomposition  by  it.  It  attacks 
glass;  C*H^'As«FK 

Hi/drargO'chloride  of  Cacodyloxide^. — When  a  dilute  alco- 
holic solution  of  oxide  of  cacodyl  is  added  to  a  dilute  solution 
of  corrosive  sublimate,  a  voluminous  white  body  is  precipi- 
tated, which  consists  of  the  above  compound  mixed  with  ca- 
lomel; from  this  it  may  be  freed  by  repeated  crystallizations. 
It  may  be  formed  with  any  other  compound  of  cacodyl  which 
is  similarly  constituted  to  the  oxide.  An  excess  of  sublimate 
decomposes  the  salt.  Formula  C*  H'«  As«  O  +  Hg*  CI*. 
Bunsen  leaves  it  for  the  present  undetermined  whether  the 
oxygen  is  only  1, 1^  or  2  atoms.  He  assumes  that  sublimate 
is  contained  in  it,  because  potassa  precipitates  oxide  of  mer- 
cury, and  hydriodic  acid  produces  the  scarlet  iodide  and  iodide 
of  cacodyl,  &c.  &c.  By  distillation  with  phosphorous  acid  it 
is  decomposed  into  chloride  of  cacodyl  and  calomel.  Chloride 
of  gold  is  reduced  by  it. 

100  parts  of  boiling  water  dissolve  3*47  parts  of  the  salt; 
at  18^  C.  the  solution  contains  only  0*21  parts.  It  is  soluble 
in  alcohol,  inodorous  if  not  brought  into  the  nose;  taste 
disagreeably  metallic ;  in  larger  quantities  is  poisonous,  &c. 

*  We  may  here  remark,  that  this  name  is  a  literal  translation  from  the 
German  Quecksilberchlorid  Kakodyloxyd.  Wc  do  so  because  an  anonymous 
writer  has  criticised  our  notices,  on  account  of  the  nomenclature,  in  a  short 
paper  in  the  Phil.  Mag. 
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The  hydrargobromide  is  very  similar  to  the  hydrargo- 
chloride. 

Basic  chloride  ofcacodyl  is  formed  by  treating  the  chloride 
with  water,  or  by  distilling  with  hydrochloric  acid.  Formula 
(C^H;«A8«  +  0)  +  3(C*H»»As*-hCl«),  or  KdO-f  SKdCK 
Density  of  the  vapour  5*46  ;  according  to  calculation  it  should 
be  5*35.  This  substance  is  very  similar  to  the  chloride;  it 
boils  at  109°  C. 

Basic  bromide  of  cacodyl  is  prepared  in  the  same  manner 
as  the  above,  to  which  it  is  very  similar*  It  is  yellow^  be- 
comes colourless  on  heating,  and  acquires  its  yellow  colour 
again  on  cooling.  Formula  {C*  H»*  As*  +  O)  +  3  (C*  H»* 
As«  +  Br*),  or  Kd  O  -h  S  Kd  Br^ 

Basic  iodide  ofcacodyl  is  produced,  together  with  the  iodide, 
on  distilling  the  oxide  with  hydriodic  acid.  It  is  deposited 
from  the  neutral  compound  in  yellow  crvstalline  crusts.  It 
may  be  purified  by  recrystallization  in  alcohol  and  pressure 
between  bibulous  paper.  The  water  may  be  got  rid  of  by 
allowing  it  to  stand  some  days  in  a  fluid  state  in  contact  with 
chloride  of  calcium,  and  then  distilling.  It  absorbs  oxygen 
with  such  rapidity,  that  Bunsen  was  not  able  to  make  an  ana- 
lysis of  it. 

The  iodide  of  cacodyl  and  the  oxide  may  be  mixed  together 
without  combining,  if  they  are  both  anhydrous ;  but  if  a  drop 
of  water  be  added,  the  solution  becomes  instandy  one  solid 
mass,  which  consists  of  the  basic  iodide.  The  substance  is 
very  soluble  in  alcohol,  but  little  in  water :  melts  below  lOO^C, 
and  may  be  distilled  over  unchanged.  In  the  air  it  evolves 
white  vapours,  and  heats  so  much  that  it  becomes  fluid,  and 
sometimes  inflames.  By  distillation  with  hydriodic  acid  it 
cannot  be  reconverted  into  the  neutral  iodide,  and  in  so  far  it 
differs  from  similarly  constituted  inorganic  salts. 

M.  Bunsen  intends  continuing  his  researches  on  these  in- 
teresting bodies. 

Oil  of  Esdragon-^Oil  of  Sabine. 

M.  Laurent  has  analysed  the  oil  of  Esdragon.  Its  formula 
is  C^^  H^^O-;  it  boils  at  206°  C. ;  has  a  specific  gravity  of  0*945 ; 
that  of  its  vapour  was  found  by  experiment  to  be  6*157,  calcula- 
ted 6*158.    It  combines  with  sulphuric  acid  to  form  sulphodra- 

conic  acid;  the  formula  of  the  baryta  salt  isC'^H^^O*,  S  -f  Ba; 
treated  with  nitric  acid,  it  gives  five  new  crystallizable  acids. 
Oil  of  Sabine  has  the  same  constitution  and  same  properties 
as  oil  of  turpendne.  By  the  action  of  ammonia  on  oil  of  cin- 
namon M.  Laurent  obtained  a  substance  which  he  calls  cinnby- 
dramid,  C'»  H^^  N^  O;  he  remarks,  that  the  law  of  substi- 
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tution  has  not  been  followed  in  this  case;  the  oil  has  lost  1  atom 
of  oxygen  and  taken  H^  N. 

Bromide  of  camphor^  C^H'^O^'  +  Br«,  is  crystallizedi  deli* 

Siiesces  in  the  air ;  bromine  flies  off  and  leaves  camphor ;  this 
hange  is  ^Eected  immediately  by  ammonia.  When  distilled 
it  is  also  decomposed,  but  generally  some  hydrobromic  acid* 
and  an  oily  bromide  are  formed,  C«>H>^0^+ Br«sC^  H»>  Br« 
O  +  H""  Br*.     (Compi.  Rendus^  x.  p.  531 .) 

Oil  of  Potatae-Spirit — Amilen. 

M.  Cahours  has  published  some  more  of  his  experiments  on 
the  oil  of  potatoe*spirit.  Hydrochlaraie  (^  amilen  b  obtained 
by  distilling  equal  parts  of  the  oil  and  chloride  of  phosphorus ; 
the  product  is  wasned  with  water  in  which  a  little  potassa  has 
been  dissolved,  dried  over  chloride  of  calcium,  and  distilled.  It 
is  a  colourless,  aromatic,  agreeably  smelling  fluid,  insoluble  in 
water ;  boils  at  102^ ;  does  not  change  litmus  paper,  and  is  not 
decomposed  by  nitrate  of  silver.  It  burns  with  a  flame  with 
green  margin.  Formula  C>°  H^  Cl^.  M.  Cahours  examined 
the  action  of  chlorine  on  this  substance  when  in  the  sunshine; 
hydrochloric  acid  gas  was  developed,  but  soon  ceased.  The 
product  was  a  clear  colourless  liquid,  smelling  like  camphor. 
Formula  C*^  H«  Cl's  «=  C»o  H««  CV  -  H»«  -f  Cl»«. 

Acetate  qf  amilen  is  easily  obtained  by  distilling  a  mixture 
of  two  parts  of  acetate  of  potash,  one  part  potatoe*oil,  and  one 
part  sulphuric  acid ;  the  product  is  dried  bv  means  of  chloride 
of  calcium,  and  distilled  over  oxide  of  lead*  It  is  a  colourless 
volatile  liquid,  which  boils  at  1S5^.  The  smell  is  somewhat 
similar  to  that  of  acetic  aether;  lighter  than  water;  insoluble  in 
the  same,  but  soluble  in  alcohol,  lether  and  potatoe*oil ;  is  de- 
composed by  an  alcoholic  solution  of  potassa  into  acetate  of 
potash  and  potatoe-spirit  oil.  Density  of  the  vapour  4*458 ; 
calculated  4*475.  If  chlorine  be  passed  into  this  aether  heated 
to  100^  until  no  more  hydrochloric  acid  gas  is  given  off,  a  pro- 
duct is  obtained,  whose  formula  is  O  H""  O',  C'^  H"  O  ClS 
similar  to  Malaffuti's  <<  Ether  ac^tique  Chlorur^."  In  the 
sunshine  this  body  is  acted  on  by  chlorine;  small  crystals  are 
formed,  but  the  products  have  not  been  examined.  By  the 
action  of  spongy  platinum  the  oil  of  potatoe-spirit  is  converted 
into  valerianic  acid,     (if int.  de  Chim.  et  de  Phys,  Ixxv.) 

On  the  Resins  qfBenxoin»    By  M.  Van  der  Vliet. 

Benzoin  is  pulverized  and  boiled  with  carbonate  of  soda ; 
one  of  the  resins  is  dissolved,  the  brown  solution  is  filtered, 
treated  with  hydrochloric  acid,  and  thrown  boiling  hot  on  a 
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filter.  The  resin  remains  on  the  filter,  and  a  solution  of  ben* 
zoic  acid  passes  through.  The  benzoin  is  boiled  two  or  three 
timeSf  as  stated  above,  and  then  treated  with  asdier,  which 
dissolves  half  of  it;  on  evaporation  the  aether  deposits  a 
resin.  The  third  resin  which  remains  behind  is  soluble  in 
alcohol.  This  latter  is  Berzelius's  betaresin,  that  soluble 
in  aether  the  alpharesin,  and  the  third  gammaresin ;  these 
resins  thus  prepared  are  not  perfectly  pure.  The  gamma* 
resin  must  be  boiled  with  water  to  free  it  from  benzoic  acid, 
it  then  melts  at  180^  C,  and  is  pure.  The  alpharesin  forms 
an  insoluble  compound  with  carbonate  of  soda ;  by  long  boil- 
ing of  the  benzoin  with  carbonate  of  potash,  all  afpharesin  is 
extracted,  for  it  is  converted  into  gammaresin  and  becomes 
soluble.  Carbonate  of  soda  effects  this  change  very  slowly. 
After  the  extraction  of  the  alpharesin  by  tether,  there  remain 
behind  betaresin,  the  alpharesin  compound  and  the  impurities ; 
these  latter  remain  when  the  mass  is  boiled  with  alcohol; 
on  cooling  the  alpharesin  compound  is  precipitated ;  the  be- 
taresin remains  dissolved.  Ilie  properties  of  these  resins  have 
been  described  by  Unverdorben,  PoggendorfPs  Annaten^  xvii., 
Berzelius's  Chemie^  vii. 

The  formula  for  the  alpharesin  is  C^^  H"^  O'^;  the  atomic 
weight,  &s  found  from  the  analysis  of  the  lead  compound,  is 
7214-20;  calculated  7274-68.  Betaresin  is  C^°H**0';  the 
analysis  of  the  lead  salt  gives,  as  atomic  weighty  4099*9 ;  cal- 
culated 4231*94. 

Gammaresin  is  O^H^O^;  atomic  weight  3042*64 ;  accord* 
ing  to  analysis  3062*81.  It  is  probable,  from  what  has  been 
said  above  concerning  the  metamorphosis  of  alpharesin  into 
gammaresin,  that  benzoin  contains  only  two  resins  for 

Alpharesin    C'o  +  H«*  +  0»* 

minus  Gammaresin   O®  -f-  H*®  +  O* 

Betaresin. .  .  .  .  C^"  +  H**  +  O' 
They  may  be  considered  as  oxides  of  O  H^  combined  with 
a  hydrocarbon ;  thus 

Alpharesin  ....  14  (O  H*)  0«*  +  14  CH« 

Betaresin 9  (O  H*)  O'^  +    4CH* 

Gammaresin...    5  (C*  H^  O^  +  lOCH* 

{Annaleti  der  Pharmacies  xxxiv.) 
[Tlie  account  of  Mr.  Johnston's  experiments,  Phil.  Mag. 
vol.  xvii.  p.  384,  is  too  short  to  allow  of  any  conclusions  beins 
drawn  from  it.  I  am  not  acquainted  with  the  methods  Mr.  J. 
used  for  purifying  his  resins.  It  appears,  however,  that  he  has 
not  observed  the  alpharesin  of  Van  der  Vliet.  In  paragraph  4, 
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be  says  that  potassa  decomposes  benzoin  into  O^  H'^^  O^ 
(C«  H*^  O')  and  0<»  H^  Cfi.  The  former  is  evidently  the 
betaresin ;  probably  all  alpharesin  had  bet* n  decomposed  into 
the  other  two.  The  soluble  resin,  O^H^oO^  agrees  tole- 
rably well  with  the  gammaresin.  I  regret  extremely  that  I 
have  no  opportunity  of  obtaining  further  particulars  of  Mr. 
Johnston's  experiments  on  the  subject. — H.  C] 

Verairic  Miher. 

Dr.  Will  has  prepared  veratric  aether  by  dissolving  the 
acid  in  strong  alcohol,  and  saturating  it  with  hydrochloric  acid 
gas.  On  mixing  with  water  the  aether  separates  as  a  thick  oily 
fluid,  which,  by  washing  with  a  dilute  solution  of  carbonate  of 
soda,  gradually  solidifies*  It  is  then  dried  by  means  of  sul- 
phuric acid  under  the  air-pump.  It  melts  at  42^  C. ;  is  almost 
inodorous;  has  a  bitter  burning  taste;  scarcely  soluble  in  water; 
soluble  in  alcohol,  out  of  which  it  crystallizes  in  groups  of 
acicular  crystals;  not  volatile  without  partial  decomposition. 
Specific  gravity  at  IS^'C.  =  M41.  Formula  C*  H»«0,  C»8 
H"  0^     {Annaleti  der  Pharmacies  xxxvii.) 

Aclion  of  Anhydrous  Sulphuric  Acid  on  Anhydrous  Camphoric 

Acid. 
M.  Walter  has  examined  the  action  of  anhydrous  sul- 
phuric acid  on  anhydrous  camphoric  acid.  The  camphoric 
acid  is  dissolved  by  fuming  sulphuric  acid ;  on  heating  carbonic 
oxide  is  developed,  but  no  other  gas.  By  saturating  the  fluid 
with  carbonate  of  baryta  a  soluble  salt  is  obtained,  vrnich  must 
be  evaporated  in  vacuo;  it  does  not  crystallize,  but  forms  an 
amorphous  colourless  mass,  soluble  in  water  and  alcohol. 
Formula  C»H'*0%  SOS  BaO.  Camphoric  acid  is  C>«H'*0» ; 
the  decomposition  is  thus  C»«  H»*  0»  +  SO^  =  C'  H>*  O^  -f 

SO*  +  CO.  The  lead  salt  is  O  W'  0^,8  +  Pb.  The  po- 
tassa salt  is  crystalline;  the  lime  salt  is  amorphous ;  they  have 
both  similar  formulae.  The  acid  itself  may  be  obtained  cry- 
stallized, but  not  dry.     {Annates  de  Chemie.) 

M.  Walter  has  published  some  experiments  on  the  action  of 
anhydrous  phosphoric  acid  on  camphoric  acid.  The  action  is 
quite  different  from  that  of  sulphuric  acid ;  the  one  atom  of  car- 
bon has  its  place  taken  by  the  sulphurous  acid  in  the  former 
case,  but  in  the  latter  the  decompositions  are  more  complicated. 
When  the  two  acids  are  distilled  together  much  gas  is  evolved, 
and  an  oily  fluid  passes  over.  The  gas  consists  of  one  volume 
of  carbonic  acid,  and  four  volumes  of  carbonic  oxide.  The 
fluid  is  a  hydrocarbon,  C  88'4 ;  hydrogen  1  \'6.  It  might  be 
oil  of  turpentine,  but  M.  Walter  considers  it  more  probable 
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that  it  is  a  kind  of  naphtha^  containing  89  per  cent  carbon^ 
and  explains  his  finding  too  little  by  the  circumstance  that  the 
fluid  contains  phosphuretted  hydrogen,  from  which  it  is  with 
difficulty  freed.     {Annates  de  Chim.  et  de  Phys*  Ixxv.) 

LXXI.    On  the  Maniifacture  of  Platinum.     By  a  corb£- 

SPONDENT. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 
\\riljL  you  allow  me,  through  your  pages,  to  sugggest  to 

^^  chemists  that  the  price  of  tnat  necessary  article,  pla- 
tinum, might  be  reduced  by  means  of  the  electrotype  process  ? 
I  believe  Uiat  the  high  price  of  this  metal  is  in  some  measure 
due  to  the  labour  required  to  reduce  it  into  a  malleable  state 
by  the  method  of  Wollaston.  This  portion  of  the  expense 
might,  I  think,  be  reduced  to  a  very  small  part  of  the  whole, 
if  the  metal  were  at  once  reduced  from  its  solution  by  the  slow 
action  of  electricity^  as  this  mode  involves  no  labour,  while 
the  necessary  apparatus  is  cheap.  Might  not  the  same  method 
be  applied  to  reduce  nickel  to  a  malleable  state  ?  This  being 
a  cheap  metal,  not  liable  to  rust,  it  might  perhaps  be  advan- 
tageously used  for  some  purposes  for  which  platinum  is  too 
expensive. 

I  am,  Gentlemen,  your  obedient  servant^ 

a 


LXXII.    On  testing  for  Arsenic  and  Antimony  by  Hum^s 
Process.     By  J.  Marsh^  Esq. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 

IF  you  should  think  the  following  communication  of  suffi- 
cient importance)  I  beg  you  will  give  it  a  place  in  your 
valuable  Journal. 

In  testing  for  arsenic  I  have  founds  by  repeated  experiments, 
that  Hum^s  test  (the  ammonia-nitrate  of  silver)  is  extremely 
useful  as  a  discriminative  test  for  arsenic  or  antimony.  The 
way  that  I  use  it  is  simply  as  follows  :-^ After  the  matter  to 
be  tested  has  been  acted  on  in  my  apparatus^  a  piece  of  com- 
mon window-glass,  (which  I  pre^r,  as  it  can  be  obtained  with 
ease,)  porcelain  or  mica,  is  to  have  one  of  its  surfaces  moist- 
ened with  Hume's  test;  it  is  then  to  be  held  horizontally)  with 
its  moistened  side  downwards,  directly  over  the  ignited  jet  of 
;as,  about  half  an  inch  from  the  tip  of  the  flame.  If  arsenic 
'e  present,  the  well-known  characteristic  kmon-yellow  colour 
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is  instantly  produced ;  if  antimony  be  in  the  mixture^  a  curdy- 
white  precipitate  is  obtained:  if,  on  the  contrary,  neither 
arsenic  nor  antimony  is  in  the  matter  under  examination,  the 
hydroeen  instantly  reduces  the  silver  of  the  test-liquor  to  the 
metallic  state. 

It  is  really  beautiful  to  see  the  admirable  manner  in  which 
this  test  performs  its  duty,  and  I  submit  the  same  with 
confidence  to  the  attention  of  your  numerous  readers  and 
correspondents. 

I  am^  Gentlemen,  yours  truly, 

Royal  Arsenal,  Woolwich,  May  lOtb,  184L 


LXXIII.  On  the  Composition  of  Chalk  Rocks  and  Chalk 
Marl  by  invisible  Organic  Bodies :  from  the  Observations  of 
Dr.  Ehrenberg.     By   Thomas    Weaver,   Esq.^  F.B.S.J 

[Continued  from  p.  397.] 

On  the  Geographical  Distribution  of  Living  Polythalamia  on 
the  African  and  Asiatic  Coasts  of  the  Mediterranean^  and  in 
the  Red  Sea. 

T^HE  materials  collected  by  Dr.  Hemprich  and  myself  in  the 
^  Mediterranean  refer  to  four  points  on  the  Libyan  coast,  and 
one  point  on  the  Syrian  coast.  In  regard  to  a  second  point  on 
the  latter  coast  (St  Jean  d'Acre),  I  have  acquired  a  knowledge 
of  some  forms  from  the  collection  of  Dr.  Parthey. 

From  the  Red  Sea  nine  forms  were  made  known  to  us  by 
d'Orbigny,  collected  from  sand  presented  to  him  by  Deshayes. 
But  from  the  collections  made  by  Dr.  Hemprich  and  myself 
from  thirteen  points  along  the  whole  length  of  the  Red  Sea,  it 
appears  that  very  numerous  forms  exist.  Of  seven  of  those 
points,  one  occurs  on  the  western  (African)  coast  at  Suez,  and 
six  on  the  eastern  (Arabian)  coast,  namely,  at  Tor,  Erraie  and 
el  Ard,  Moileh,  el  Wusch  and  Gumfude;  and  of  the  remain- 
ing six,  five  are  islands  on  the  Arabian  side,  namely,  Sanafer, 
Maksure,  Barkan,  Sanac  and  Ketumbul,  and  one  an  island 
on  the  African  side  of  the  Red  Sea,  namely,  Massaua. 

It  is  possible  that  by  repeated  and  closer  examination  of  the 
marine  productions  collected  by  us,  many  other  Polythalamia 
may  be  found  besides  those  already  discovered.  In  the  mean 
time,  as  a  preliminary,  I  have  drawn  up  a  list  of  the  species 
hitherto  met  with  *.     From  this  it  results  that  the  total  num- 

*  Of  cPOrbi^y'B  nine  species  from  the  Red  Sea,  there  are  three  which 
I  cannot  identify,  namely,  Triloculina  bicarinaia,  QtunqueioculiHa  UmSata^ 
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ber  oF  species  of  Polythalamia  observed  in  the  Red  Sea  are 
Jiftyt  and  in  the  Mediterranean,  on  the  Libyan  and  Syrian 
coasts,  twenty- seven.  The  new  species  derived  from  the  two 
seas  amount  tojfiy-fouri  of  which  twenty-seven  species  are 
peculiar  to  the  Red  Sea,  and  seventeen  are  common  to  both 
seas.  Particularly  worthy  of  notice  is  the  wide  distribution 
and  massy  development  of  the  Peneroplis  planatus  and  Sf/rites 
Orbiculus,  which  are  rare  on  the  European  coast.  These  forms 
are  not  only  present  almost  everywhere  in  the  East,  but  con- 
stitute the  predominant  masses.  On  the  other  hand,  the  J7o- 
ialia  Meccarii^  which  composes  the  Italian  hills,  occurs  only 
singly  and  very  rarely  in  the  Red  Sea ;  and  I  nowhere  found 
it  on  the  Libyan  and  Syrian  coasts.  The  Sorites  Orbiculus  I 
have  also  from  St.  Domingo. 

In  reviewing  these  subjects,  even  a  superficial  comparison 
of  them  with  the  contents  of  the  chalk  and  chalk  marl,  is  at- 
tended with  the  striking  result,  that  none  of  these  living  forms 
are  found  among  the  animalcules  of  the  chalk,  not  even  among 
those  which  compose  the  compact  limestone  of  the  Egyptian 
and  Arabian  rocKs,  and  which  are  still  partly  washed  by  the 
sea  near  Hamam  Faraun. 

Remarks  on  Polythalamia. 
After  a  preliminary  view  of  the  researches  of  earlier  la- 
bourers in  this  branch  of  zoological  inquiry,  Dr.  Ehrenberg  ob- 
serves:— A  lively  interest  respecting  the  minute  Polythalamian 
bodies  which  enter  into  the  composition  of  sea-sand  was  ex- 
cited anew  by  the  work  of  Alcide  d'Oibigny  in  1826,  in  which 
are  contained  a  great  number  of  new  species,  while  many  of 
those  which  were  previously  known  are  examined  with  greater 
care,  and  an  improved  and  easier  view  is  taken  of  the  whole 
subject.  By  his  active  exertions  he  had  collected  between  600 
and  700  species  from  the  sea-sand  of  France,  Italy,  England, 
the  Isle  of  France,  Sandwich  Islands,  the  Malouine  and  Ma- 
rian Isles,  &c.,  of  which,  however,  only  425  received  names. 
The  whole  mass  of  these  microscopic  animalcules,  which  he 
again  decidedly  associates  with  the  Mollusks  and  Cephalopods, 

and  Q.  punctata ;  but  the  other  six  are  probably  those  with  which  1  have 
become  acquainted,  and  to  which  I  have  therefore  given  the  same  names, 
namely,  Texlularia  communis,  CalcarituL  DefrancH,  C,  Gaudichaudii,  Quin" 
queloadina  sulcata,  and  VertebraUna  striata.  His  ylssilina  {.Nummti/ina)  nt- 
tida  I  hold  to  be  the  Sorites  Orbiculus, 

Although  I  possess  and  have  compared  many  of  the  Polythalamia  which 
have  been  described  by  d'Orbigny  derived  from  the  same  localities,  yet  1 
am  in  want  of  a  great  number  of  the  originals  named  by  him,  and  as  thi$ 
author  has  generally  given  new  names  unaccompanied  by  descriptions,  I 
have  not  in  most  cases  been  able  to  determine  to  what  form  the  name 
given  by  him  belongs. 
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but  in  a  distinct  order  under  the  name  of  ForaminifereSf  are 
distributed  by  him  into  five  families,  according  to  the  spiral 
or  other  form  in  the  grouping  of  the  cells ;  these  families  com- 
prising fifty-two  genera.  On  this  work  Deshayes  made  vari- 
ous critical  remarks  in  the  Dictionnaire  Classique.  D'Orbigny 
expressly  states  that  the  animal  of  the  Polythalamia  (his  Fora« 
minifera)  resembles  the  Sepia  in  the  structure  of  its  body,  al- 
though much  smaller,  and  then  proceeds  to  give  the  essential 
characters  of  the  living  body  of  the  Polythalamia,  yet  without 
naming  specifically  or  generically  any  one  animal  from  which 
they  were  taken*. 

Both  Blainville  and  Dujardin  have  made  the  correct  obser- 
vation that  the  minute  shells  of  the  Polythalamia  are  external 
cases,  and  not,  as  incorrectly  viewed  by  Denys  de  Moi^tfort 
and  Alcide  d'Orbigny,  internal  bones.  Yet  in  referring  the 
microscopic  so-called  Cephalopods  to  the  Infusoria,  Dujardin 
commits  a  mistakef.  It  was  this  contradiction  between  ob- 
servers that  induced  F^russac,  in  his  great  work,  Histoire  Na^ 
turelU  des  Mollusques,  to  exclude  the  Foraminifers  from  the 
class  of  the  MoUusks;  and  others  entertained  similar  objec- 
tions, yet  without  assigning  to  them  a  correct  position. 

In  the  year  1831  I  laid  before  the  Academy  contributions 
to  the  knowledge  of  Coral  animals,  with  an  attempt  to  class 
them  physiologically ;  which  attempt  was  entirely  founded  on 
my  own  observations  of  the  living  animalcules,  when,  accom- 
panied by  Dr.  Hemprich,  I  travelled  on  the  Red  Sea  in  the 
years  1823  and  1825.  In  that  work  I  designated  the  Coral 
animals  as  composed  of  two  strongly  marked  organically  di- 
stinct groups,  under  the  names  of  Anthozoa  and  Bryozoa,  In 
the  year  1831  also,  I  communicated  in  the  Sj/mbolie  Physiae 
the  first  development  made  of  the  complicated  structure  of  the 
Halcyonella  stagnorum,  one  of  the  Bryozoa,  and  showed  that 
it  was  quite  similar  to  that  of  Flustra. 

The  researches  of  Dujardin  in  1835  gave  an  entirely  new  di- 
rection to  the  ideas  which  had  been  formed  of  the  Polythala- 
mia, showing  that  not  a  trace  of  resemblance  was  to  be  found 
between  them  and  Sepia;  on  the  contrary,  the  greatest  sim- 
plicity of  structure  became  apparent,  bespeaking  a  simple  ani- 
mal body  covered  by  a  shell,  with  the  power  of  extending  or 
contracting  itself  at  will.  But  when  Dujardin  expressly  com- 
pares the  Polythalamia  to  the  Protetis  {Amoeba)  of  the  Infu- 
soria, such  an  association  cannot  be  admitted,  unless  it  be  first 
proved  that  a  polygastric  structure  exists  in  those  bodies.  He 
has  given  to  them  the  new  name  of  Rhizopodes. 

*  Amudes  des  Sciencet  Naturelies^  1826,  t.  vii.  p.  ^45. 

f  Annalet  des  Sdenca  NtUurelies,    Seconde  Serie,  t.  iv.  p.  343,  1835. 
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I  showed,  in  ISSI9  that  the  Polythalamia  could  not  well 
possess  an  organization  similar  to  that  of  the  Infusoria,  as  not 
a  single  known  true  species  of  Infusoria  has  a  calcareous  shell ; 
and  I  had,  in  1823,  discovered,  as  I  conceived,  a  true  living 
Polythalamia  of  earlier  authors,  resembling  in  organization 
the  very  complex  Flustra.    The  correctness  of  this  view  was 
fully  established  in  1839,  after  having  examined  anew,  ac* 
cording^  to  my  improved  method,  the  small  Nautilus  Ortncu- 
lus  of  Forsk&l,  which  d'Orbi^y  designated  in  1826  as  Num^ 
mulina  {Assilina)  nilida,  specimens  of  which  I  had  collected 
from  the  sand  of  the  Red  Sea  in  1823,  and  which  I  have 
named  Sorites  Orbiculus.   The  result  proved  that  the  disc-like 
shell  was  a  Polypary,  often  composed  of  more  than  one  hun- 
dred single  animalcules,  the  cells  of  which  quite  resemble  those 
of  a  Flustra,  the  animal  putting  forth  and  retracting  from  six  to 
eight  tentacula.    And  I  even  discovered  in  the  interior  of  the 
single  cells  well-preserved  siliceous  Infusoria,  the  last  food 
taken  by  the  animal ;  and  in  some  of  them  also  small  globu- 
lar bodies,  which,  without  much  constraint,  may  be  considered 
as  eggs.    Though  I  had  at  an  early  period  observed  that  the 
disc  was  composed  of  many  cells,  yet  I  could  not  perceive  an 
opening  to  them;  but  the  discovery  of  Infusoria  in  their  in- 
terior led  me  to  consider  by  what  means  they  could  have  been 
introduced.     Reflection  reminded  me  that  I  had  often  seen 
Coral  animals  which  in  the  expanded  state  exhibited  many 
large  bodies  with  tentacula  and  a  large  mouth,  yet  when  con- 
tracted left  scarcely  a  trace  of  the  openings  tnrougb  which 
they  were  protruded  from  the  common  Polypary.    As  such  I 
remembered  Pennatulaj  Lobularia^  Halcyonium  and  similar 
forms,  in  which  I  had  frequently  observed,  that  in  the  skin  of 
the  animal  existed  calcareous  particles,  which  on  the  contrac- 
tion of  the  skin  so  completely  closed  the  opening  as  to  render 
it  no  longer  perceptible.    Renewed  examination  of  the  closed 
surface  of  the  cells  of  the  Nautilus  Orbiadus,  Forskil,  now 
showed  to  me  that  in  them  also  dendritic  calcareous  particles 
exist,  the  close  approximation  of  which  closes  the  cell,  so  that 
the  cover  of  the  cell  is  in  fact  the  dried  skin  of  the  animalcule. 
I  now  made  an  experiment  in  proof,  by  dissolving  the  small 
shell  in  dilute  muriatic  acid,  in  order  to  obtain  the  animal 
body  in  a  free  state;  and  it  succeeded  perfectly.     I  obtained 
as  many  animalcular  bodies  as  there  were  cells,  connected  to- 
gether by  band-like  processes,  and  in  the  interior  of  many  of 
them  there  were  well-preserved  siliceous  Infusoria.     I  then 
treated  in  the  same  manner  the  Flustra  pilosa  and  F.  membra^ 
fiacea  of  the  Baltic,  and  found  in  their  interior  also  siliceous 
Infusoria.     The  same  results  followed  a  similar  examination 
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of  the  shells  of  Rotalia  from  the  sand  of  Rimini^  of  the  shells 
of  Peneroplis  pUmatus^  Pavonina  Antillarumy  and  of  Orbicur 
Una  numismalis  from  the  sea-sand  of  St.  DomingOy  as  well  as 
of  other  shells  with  their  animals  from  the  sand  of  the  Bed  Sea 
and  the  Mediterranean ;  so  that  now  a  view  is  obtained  of  the 
more  general  organization  of  the  principal  groups  of  the  Po- 
lythalamia. 

It  results  clearly  from  what  has  been  said  in  respect  of  these 
species,  which  are  so  common  and  widely  distributed,  and  which 
have  hitherto  been  designated  in  systems  as  small  Nautili,  that 
the  straight^jointed  shells  of  Nodosaria  (formerly  viewed  as 
Orthocera),  as  well  as  the  spiral  shells  of  Rotalia,  Cristellaria, 
&c.  (considered  as  Nautili  or  Ammonites),  and  the  shells  of 
Biloculina  resembling  vermiform  tubes  {Serpula\  are  none  of 
them  internal  calcareous  parts  which  were  encased  by  an  ani- 
mal body,  similar  to  the  internal  bone  of  Sepia,  or  the  cylin- 
drical spiral  bone  of  Spirula ;  but,  on  the  contrary,  that  they 
are  external  calcareous  shells,  bearing  analogy  to  those  of 
Mollusks,  or  more  correcdy  to  those  of  Flustra  and  Celleporai 
which,  after  separation  by  an  acid,  disclose  and  render  visibly 
free  the  internal  simple  body  or  the  Polypary,  exhibiting  pre* 
cisely  the  same  form.  If  the  shell  of  Polythalamia  be  fre* 
quently  perforated  with  pores,  this  is  no  proof  that  no  other 
openings  exist,  or  that  the  animals  receive  nourishment  tlirough 
many  tubes,  for  the  same  structure  is  not  unfrequently  found 
in  Flustra  accompanied  with  the  peculiar  opening  from  which 
the  fore-part  of  the  animal  body  may  be  protruded ;  and  in 
these  exist  also  fringe-like  filaments,  which  are  extensile  and 
retractile,  and  by  no  means  to  be  compared  to  the  pseudopo- 
dia  or  variable  feet  of  Amoeba,  but  probablv  bear  analogy  to 
the  mantle  fringes  of  many  Mollusks,  applicable  to  the  pur- 
poses of  creeping  and  attachment,  and  for  which  perhaps  they 
were  specially  designed.  Moreover,  Flustra  possess  a  distinct 
large  animal  organization ;  and  the  siliceous  Infusoria,  and 
probable  eggs  found  in  Polythalamia,  clearly  bespeak  in  them 
also  similar  relations,  the  discovery  of  which,  however,  had 
hitherto  been  prevented  by  the  calcareous  encasement  and  the 
minuteness  of  the  objects. 

It  has  resulted  from  the  examination  of  the  soft  small  ani- 
mal bodies  of  living  Polythalamia,  that  while  many  resemble 
Flustra  or  Eschara  assembled  in  families  or  polyparies,  each 
such  family  being  often  composed  of  hundreds  of  much  mi- 
nuter single  animalcules,  many  others  are  single  animals  after 
the  manner  of  Mollusks.  Hence  arise  external  characters  and 
forms  which  have  often  a  reference  to  very  different  relations, 
which  it  is  first  necessary  to  distinguish  before  we  can  succeed 
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in  obtaining  a  clear  view  of  the  whole.  The  assidaoiis  and 
careful  labours  of  d'Orbigny  retain  their  full  value,  serving 
as  a  basis  to  all  future  researches;  and  if  in  the  present  com- 
munications I  shall  have  succeeded  in  turning  the  inquiry  into 
a  more  physiological  channel,  my  object  will  be  attained. 

To  the  term  Polythalafnia^  (originally  introduced  by  Dr. 
Breyn,  of  Danzig,  in  1732,)  a  different  extension  or  significa- 
tion under  other  names  has  been  given  by  different  authors. 
To  remove  this  unsteadiness  and  wanton  change  of  names, 
which  only  lead  to  obscurity,  it  appears  advisable  to  apply  the 
term  Polythalamia,  in  preference,  as  Soldani  had  done,  to  that 
group  in  which  the  animalcules  actually  live  in  many  cells,  and 
do  not,  like  the  Nautili,  possess  many  empty  cells.  This  di* 
stinction,  that  the  animal  of  the  Polythalamia  has  no  empty 
cells,  but  that  all  its  cells  are  simultaneously  occupied,  is  of 
particular  importance  in  their  systematic  arrangement  among 
other  animal  bodies.  Where  there  are  many  cells,  they  con- 
sist either  of  so  many  single  animals,  the  whole  constituting  a 
polypary,  or  of  organically  filled  integrant  portions  of  one 
and  the  same  individual  forming  groups.  Both  structures  are 
foreign  to  the  true  Cephalopods.  The  shell-bearing  Cepha- 
lopods  may  with  Linnasus  be  divided  into  the  unilocular  and 
multilocfdar. 

On  the  other  hand,  the  want  of  a  sipho  which  has  been  as- 
signed as  a  character  of  Polythalamia,  and  from  which  they 
were  named  Asiphonoidea  by  De  Haan,  is  incorrect,  inasmuch 
ns  many  really  possess  a  part  which  may  be  fully  compared  to 
a  sipho,  if  not  in  function,  yet  in  form,  namely,  the  tube  which 
connects  the  separate  cells  of  Nodosarina  and  of  all  individual 
many-celled  forms.  Il  is  only  in  the  Miliolina  family  among 
the  simple  Polythalamia,  and  it  is  only  in  the  families  of  Aste^ 
rodiscina  and  Soritina  among  those-  forming  polyparies,  that 
the  want  of  a  sipho  is  really  necessary,  because  they  live  in- 
dividually in  single  cells.  But  all  the  Nodosarina,  Textula- 
rina,  Uvelltna,  Rotalina,  and  Plicatilia  among  the  simple  Po- 
lythalamia, and  the  Frumentarina,  Helicosorina,  and  Alveo- 
li nea  among  those  which  form  poly  paries,  possess  tubes  of 
connexion  between  the  cells,  which  very  frequently  resemble 
also  in  form  the  sipho  of  the  Nautilus.  D'Orbigny,  it  is  true, 
states  also  that  the  cells  of  Foraminifers  are  connected  by  se- 
veral openings ;  that,  however,  proceeds  from  an  erroneous 
view,  for  such  Polythalamia  alone  present  several  openings  at 
the  border  of  the  cells,  whose  calcareous  surface  is  interrupted 
in  the  form  of  a  net-work,  exhibiting  often  a  relation  analogous 
to  that  which  is  frequent  in  Madrepora  and  Astraea,  in  which 
the  sofl  body  is  not  divided  or  sharply  cut  off  by  corn- 
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pact  calcareous  plates,  but  the  soft  parts  appear  interwoven 
with  minute  calcareous  rods,  in  a  lattice-like  manner.  These 
numerous  small  connecting  openings,  which  are  sometimes 
visible  in  some  of  the  Rotalia  and  Hosalina,  and  also  in  the 
Textulai'ia,  I  do  not  consider  essential,  but  hold  that  the  true 
channel  of  connexion  has  always  a  large  diameter,  and  is  sim- 
ple for  each  single  animal.  The  erroneous  view  of  d'Orbigny 
and  of  all  his  followers  becomes  so  complicated,  that  polypa- 
ries  are  held  to  be  single  animals,  and  consequently  the  vari- 
ous connecting  openings  to  be  those  of  a  simple  individual. 

With  respect  to  d'Orbigny's  genus  Nummtdina,  although 
it  has  derived  advantage  fi'om  his  diligent  investigations,  I 
consider  it  as  composed  of  very  heterogeneous  elements,  which 
belong  to  quite  different  divisions  of  animals.  Some  species 
of  the  sub-genus  Assilina^  and  perhaps  all  of  them,  may  be- 
long to  the  families  Soritina  and  Asterodiscina,  while  the  As^ 
silina  nitida  of  the  Red  Sea  is  assuredly  Forsk&l's  Nautilus 
OrbiculuSf  that  is,  Sorites  Orbiculus. 

I  am  of  opinion  that  all  those  species  which  are  provided 
with  visible  traces  of  mouths  or  openings,  as  in  Lamarck's 
genus  Lenticulina  with  d'Orbigny's  character  of  Nummulina, 
are  to  be  received  among  the  rolythalamia ;  but  that  all  such 
species  as  have  the  form  of  a  lens  or  disc,  and  are  provided 
with  internal  spiral  cells,  but  without  a  trace  of  such  mouths, 
the  cells  being  moreover  separated  from  the  external  surface 
by  thick  calcareous  layers,  are  to  be  considered  as  internal 
bones.  These  mouthless  Nummulina  are  rather  to  be  ranged 
with  the  Velellida  of  the  Acalepha  along  with  Porpita^  where 
similar  internally  cellular  coin-shaped  bones  exist.  The  con- 
siderable size  of  many  Nummulina  is  also  striking  and  foreign 
to  Polythalamia,  but  agrees  very  well  with  the  family  of  the 
Velellida,  as  also  in  the  want  of  traces  of  the  attachment  of 
muscles^  and  in  the  want  of  a  sipho  or  channel  of  connexion 
between  the  cells.  Until  better  informed,  therefore,  I  de- 
cidedly exclude  the  mouthless  Nummulina  from  the  Polytha- 
lamia, and  retain  only  Lamarck's  Lenticulina  in  the  sense  at- 
tached to  d'Orbigny's  Nummulina  in  a  young  state. 

The  distinctive  character  of  the  Polythalamia,  when  com- 
pared with  their  nearest  relatives  the  Flustra^  Eschara^  Cri* 
statella^  &c.,  consists  in  the  shell,  and  in  their  freedom  of  mo- 
tion. But  with  this  may  be  combined  the  power  of  attaching 
itself  to  other  bodies^,  just  as  in  the  Cristatella  (or  Hydra  also) 
which  often  remains  long  attached,  and  then  creeps  again. 
Those  bodies  which  are  apparently  Polythalamian,  but  are 
really  adherent  and  immoveable,  belong  to  the  Cellepora, 
Flustroj  lubuliporaj  and  similar  forms.     The  simplest  Poly- 
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thalamian  form  is  the  Miliola  in  Dujardin's  sense,  if  there  be 
really  such  self-extstent  animals,  and  they  be  not  the  young 
of  others,  or  of  many-celled  forms  most  nearly  related  to  Bi- 
loculina.  And  perhaps  Gromia  ovifarmis  might  be  so  viei^ed, 
should  it  not  prove  to  be  a  Difflugia  (an  Infusoria).  In  this 
series  I  myself  place  provisionally,  as  doubtful,  those  nume- 
rous small  globules  of  the  sand  of  Rimini  which  have  no  di- 
stinct opening,  or  sometimes  present  a  very  minute  one.  Tlie 
next  simplest  form  is  that  of  a  simple  straight  row  of  cells,  as 
in  the  Nodosarioj  a  jointed  continued  development  of  a  sim- 
ple body.  Texttdarina^  Uvellina  and  Botalina  (Lenticulina), 
may,  as  to  external  form,  be  viewed  as  Nodosarina  developed 
in  another  manner,  namely,  in  botryoidal  or  spiral  forms. 

I  have  here  to  make  a  remark  that  appears  important*  In 
the  entire  vast  mass  of  known  Polythalamia,  a  case  or  vest- 
ment prevails  which  is  either  cuticular  or  composed  of  a  cal- 
careous substance,  while  in  Infusoria  either  a  cuticular  or  sili- 
ceous substance  prevails,  so  that  hitherto  no  calcareous-shelled 
Infusoria  nor  siliceous-shelled  Polythalamia  had  presented 
themselves.  Yet  among  the  fossil  microscopic  organisms  of 
the  chalk  marl  of  Sicily,  we  find  intermingled  with  the  Infu- 
soria shells  bodies  whose  forms  may  be  ranked  with  Poly- 
thalamia, namely,  with  Nodosarina,  but  the  shells  of  which 
are  siliceous,  insoluble  in  acids,  and  which  to  the  eye  have  a 
more  transparent  vitreous  aspect  than  the  calcareous  shells 
when  penetrated  by  balsatn.  I  have  hence  been  induced  to 
place  these  siliceous-shelled  forms,  until  a  further  knowledge 
may  be  acquired  of  their  organization,  among  the  polygastric 
Infusoria  near  the  shelled  Amoeba,  in  a  separate  family,  under 
the  name  of  Arcellina  composita^  or  Polycyslina^.  Such  sili- 
ceous-shelled Pdvcystinay  resembling  calcareous-shelled  Po- 
lythalamia, are  the  genera  Liihocampe,  Comutella  and  JBta^ 
liomma^  with  several  species. 

I  wish  here  to  draw  attention  to  a  small  character  hitherto 
unregarded,  which  is  distinctive  of  true  Polythalamia,  and 
often  even  of  their  fragments.  It  consists  in  this,  that  in  the 
tube  or  channel  of  connexion  between  the  cells,  the  mouth  of 
the  tube  which  belongs  to  the  earlier  smaller  cell  is  overgro^vn 
and  surrounded  by  ue  succeeding  larger  cell.  If  the  mouth 
of  the  last  cell  be  prolonged  in  a  beak-like  form,  w^e  find  in 
all  the  earlier  smaller  cells  a  distinct  tube,  quite  similar  to  the 
hard  remains  of  the  sipho  in  the  Nautilus;  but  so  placed  that 
the  tube  always  projects  forward  from  the  smaller  into  the 
larger  cell,  and  never  backward  from  the  larger  into  the  smaller 

*  This  view  has  been  already  indicated  in  the  work  '*On  the  InfuMuia 
as  perfect  organisms,"  1838,  p.  136. 
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cell.  In  the  Nautilus,  this  projection  of  the  tube  of  connexion 
is  reversed,  always  proceeding  from  the  larger  to  the  smaller 
chamber,  so  that  in  the  last,  the  greatest  chamber,  the  body 
of  the  animal  thus  acauires  a  smooth  foundation,  upon  which 
it  can  move  more  freely.  In  true  Nautili  also  the  base  of  the 
cells  is  concave  or  undulated  in  the  forward  direction,  while 
in  the  Polythalamia  it  appears  without  exception  to  be  either 
quite  straight  or  convex  in  that  direction.  This  character 
was  also  observed  by  Fichtel  and  Moll. 

The  tabular  view  which  I  have  given  of  the  Bryozoa,  found- 
ed as  it  is  on  the  new  observations  which  I  have  made,  is 
drawn  up  with  special  regard  to  a  definite  expression  of  fossil 
phsenomena,  the  ancient  names  of  d'Orbigny  being  mostly  re- 
tained. This  very  diligent  precursor  in  these  studies  first  laid 
down  a  foundation  rich  in  forms  and  systematically  ordered, 
which  may  serve  for  all  future  investigations,  and  has  given 
names  to  families  which  are  well  adapted  to  his  purpose;  but 
these  I  have  been  obliged  to  alter,  yet  not  arbitrarily,  inas- 
much as  from  the  difference  of  our  views  it  became  necessary 
to  separate  from  each  other  the  forms  which  constitute  his 
families,  according  as  they  are  either  simple  Polythalamia,  or 
Polythalamia  composing  polyparies. 


Since  the  foregoing  pages  were  drawn  out,  a  newer  work 
by  Dr.  Ehrenberg  has  made  its  appearance,  embracing  com- 
munications made  to  the  Berlin  Academy,  on  the  continued 
researches  of  the  author  between  September  1839  and  August 
1840,  and  bearing  the  title,  **On  the  numerous  Living  Speciesof 
Animals  found  in  the  Chalk  Formation*."  Of  this  very  inter- 
esting publication  I  had  designed  presenting  an  abstract,  but 
having  learned  that  a  complete  English  edition  of  the  work  is 
about  to  appearf  accompanied  by  the  engravings,  I  now  con- 
fine myself  to  a  few  notices  immediately  connected  with  the 
preceding  part  of  this  paper. 

In  this  memoir  Dr.  Ehrenberg  repeats  his  objections  to  the 
views  entertained  by  MM.  Alcide  d'Orbigny  and  Dujardin. 
It  has  been  seen,  that  to  ihe  Polythalamia,  whose  minute  and 
often  microscopic  calcareous  shells  compose  in  inconceivable 
numbers,  and  in  now  nearly  1000  known  different  forms,  the 
principal  mass  of  chalk  rocks  and  of  many  sands  of  the  sea, 
M.  d'Orbigny  had  several  years  since  ascribed  an  external 
animal  bearing  the  form  of  a  Sepia,  the  small  shell  itself,  which 

♦  Ueber  noch  zahlreich  jetzUlebende  Thierarten  der  Kreidebildung,  pp.  94, 
with  four  plates,  Berlin,  1840. 

t  In  the  Scientific  Memoirs  of  Mr.  R.  Taylor.  Its  publication  cannot 
ikil  to  prove  very  acceptable  to  British  Naturalists  in  general. 
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often  resembles  an  Ammonite  or  Nautilus,  beine  considered 
as  the  internal  bone.  On  the  other  hand,  at  a  later  period, 
M.  Dujardin  denied  that  these  animals  possessed  any  organic 
structure,  stating  that  they  consisted  simply  of  an  animated 
slime  capable  of  extension,  encased  by  an  indurated  external 
shell,  and  associating  them  with  the  pseudopodian  Amoeba 
of  the  Infusoria.  Dr.  Ehrenberg  now  further  demonstrates, 
by  figures  and  descriptions,  their  true  organic  structure,  thus 
fully  establishing  his  former  positions,  both  as  to  simple  Po- 
lythalamia  and  rolythalamia  forming  Polyparies.  He  proves 
that  they  are  not  internal  bones,  but  external  shells  encasing 
a  soft  body,  the  shell  being  perforated,  as  it  were,  in  all  parts 
by  numerous  pores,  from  which  the  animal  projects  long  fila* 
ments,  capable  at  will  of  extension,  retraction  and  bifid  divi- 
sion, and  productive  of  locomotion.  The  author  further  ob- 
serves: M.  Dujardin  has,  in  August  1840,  presented  to  the 
Paris  Academy  a  Mimoire  sur  une  Classification  des  Injitsoires 
en  rappot't  avec  leur  organisation^  in  which  a  new  arrangement 
of  the  Infusoria  is  exhibited,  and  in  this  the  Polythalamia  are 
again  introduced  as  Rhizopodes  in  association  with  Amoeba  and 
Actinophrys  of  the  Infusoria,  forming  a  separate  family.  If, 
however,  anatomical  and  physiological  details  are  to  be  taken 
into  account  when  we  proceed  to  the  systematic  arrangement 
of  different  organic  bodies,  and  we  are  not  governed  merely 
by  the  relations  of  external  forms,  M.  Dujardin's  arrangement 
cannot  be  deemed  a  happy  one.  He  has  in  no  case  shown  a 
polygastric  structure  in  tne  Rhizopodes,  and  that  it  is  not  po- 
lygastric  is  proved  anew  by  my  investigations  now  commu- 
nicated. 

It  has  been  shown  in  a  former  part  of  this  paper  that  Dr. 
Ehrenberg  had  recognized  six  species  of  Infusoria  in  the  chalk 
formation,  so  closely  resembling  living  species  as  not  to  be  di- 
stinguished from  them,  and  hence  he  was  led  to  give  to  them 
the  same  names;  namely,  Eunotia  Zebra^  Fragilaria  rhabdo^ 
soma^  Fragilaria  striolata  f,  Gallionella  aurichalca^  Navictda 
ventricosa^  and  Synedra  tdfia.  He  had  also  referred,  with  a 
mark  of  interrogation,  the  following  four  species  of  calcareous- 
shelled  Polythalamia  to  the  white  chalk,  in  which  they  are 
very  extensively  distributed,  namely,  Globigerina  btdloidesj 
Glofngerifia  heliciyia^  Rosalina  globularis^  and  Textilaria  aci^ 
culatOf  all  of  which  were  stated  by  M.  d'Orbigny  to  have  oc- 
curred in  the  living  state  only  in  the  Adriatic  Sea  and  the 
Ocean.  If  any  doubt  had  existed  as  to  the  identity  of  all  these 
fossil  and  living  species,  it  has  been  completely  removed  by 
the  later  researches  of  Dr.  Ehrenberg,  bv  which  the  actual 
number  of  known  species  found  in  the  chalk  formation  and  in 
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living  state  has  been  extended  to  fifty-seven,  namely,  of 
:areous-shelled  Poly  thalamia  nine  species,  and  of  siliceous- 
lied  Infusoria  forty-eight  species.  The  following  is  a  list 
hese  species  and  of  the  localities  in  which  they  occur,  both 
the  living  and  fossil  state.  In  the  fossil  localities,  W.  C. 
nifies  white  chalk,  C.  M.  chalk  marl,  and  C.  C.  compact 
Jk. 

CalcareonS'Shelled  Polythalamia. 


Globigerina  buUoides  i 

helicina    .... 

Rosalina  globularis 
Planulina 


Living. 
In  ibe  Adriatic  Sea  and 
the  Ocean 


W. 


Fossil. 
C.  Denmark. 


W.  C.  Cattolica. 
W.  C.  Gravesend. 


^^S  ocilt }  No"^  Se..n«irCuxluven     W.  C.  Cattolic. 

'  W.  C.  in  Russia,  Poland, 


Rotalia  globulosa  . 


•  stigma 


(Synon.  Planu-1  _ 

lioa?)  turgida  .  •  •/' 


Textilaria  aciculata 


^.^^  globulosa 


,and^ 

Adriatic  and  the  Ocean^ 


North  Sea. 


Siliceous-shelled  Injusoria. 


Actinocyclus    quina-  J  North  Sea,  Tjorn  Isle  in 
rius 


Prussia,  Denmark, 
England,  France  and 
Sicily;  and  CM.  in 
Greece,  Zante,  Sicily 
and  Oran. 
'W.  C.  Cattolica. 
\  C.  M.  Calusinetta. 

W.  C.  England,  France, 
Prussia,  Denmark. 

C.  M.  Oran. 

C.  C.  Egypt  and  Arabia. 
'W.    C.    Prussia,    Den- 
mark,   England   and 
Sicily. 

C.  M.  Greece. 

C.  C.  Egypt  and  Arabia. 
fW.  C.  of  all  European 
countries,  from  Wol&k 
to  Ireland. 

C.  M.  Sicily,  Oran,  and 
Greece. 

C.  C.  Egypt  and  Arabia. 


"  C.  M.  CalUsinetU. 


-  biternarius  . 


septenarius 

octonarius  . 

nonarius    .  . 

denarius    .  . 

undenarius  . 

bisenarius.  . 

quindenarius 

Amphitetras  antedilu- 
Tiana 


\     the  Cattegat 

•KT  _t.  on""  T  C.  M.  Oran  and  Caltasi- 

North  Sea,  Tjorn  .  .  .  .|     ^^^^ 

r  North     Sea,     Cuxhaven,  J  C.  M.  Oran,  Caltasinet- 
\     Cbristiania,  Ijorn  .  .  ,\     ta,  and  Greece. 

North  Sea  in  the  Cattegat/  ^'  ^'  O/""'  CaltasineU 
**    \     ta,  and  Zante. 

/  C.  M.  Oran  and  Caltasi- 

~  \     netta. 
N.Sea,CattcgatnearTjorn.    C.  M.  Oran. 
C.  M.  Oran. 

C.  M.  Oran  and  Zante. 


and  Bay  of  Christiania, 
Cattegat  near  Tjorn 


:} 


C.  M.  Oran. 
C.  M.  Oran. 

C.  M.  Oran  and  Greece 
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Living, 
r  Baltic,  N.  Sea,  Mediter- 1 
SI.  Biddulphia  pulchella.4      ranean,  and  Ocean  near  y  C.  M, 

L     Cuba J 

22.  Cocconema  lanceola-  ~ 
turn 

S3.  CoicinodiscuB  Argua.    North  Sea,  Cuxhaven 


FoicU. 


Greece. 


Cuba 
^'  V  Brackish  and  fresh  waters.     C.  M.  Greece. 


24. 


25.- 


27.- 
28.- 

29.- 


-  eccentncus 


•  lineatus . 


-  minor  .... 

-  Oculus  Iridis 

-  Patina   .  .  . 

-  radiatus .  .  . 


30.  Dictyocha  sulcata 

81. Fibula   .  .  . 

32. Fentasterias 

33. Speculum    . 


34.  Eunotia  granulata 
35. Zebra  .... 


,  Tjbm 

in  Cattegat,  and  Mexi- 
can Gulf,  Vera  Cms. 

North  Sea,  Cuxhaven   .  . 


r  c.  M.  c 

t     Oran. 


Caltasin 


C.  M.  Oran. 


Baltic,  Wismar. 


C.  M.  Caltasmi 
r  CM.  Caltasine 
"    *  *  \     and  Zante. 

-  .  .     CM.  Greece. 

-  .  .    CM.  Zante. 
-,and1  C.M.Oran,Ca] 

...  J      and  Zante. 
Nortf.se.  near  Tj6r„..{C.M^;^„e 

{N.  Sea,  Christiania  and  1  C  M.  Oran  ant 
Tjbrn,  &  Baltic,  Wismar  J      netta. 
N.  Sea,  Christiania  haven.     C  M.  Zante. 

^  ne:rlilr  •.°!^:j  Za»te.«.d( 
C  M.  Greece. 
C.  M.  Greece. 

GiBTesc 


TN.Se 
<  tiar 
I     tic. 


38.  Gallionellaaurichalca-< 


^W.  C  Riigen. 


Brackish  and  fresh  waters. 
Berlin  fresh  waters . 

36.  F,.giWUrh.bd<»o,n.{  B«^^.„_  "sw^en'^T":}  ^-  ^ 

37. striolaU W.  C  Gravese 

Berlin  fresh  waters,  Leip. 
sig,  Thuringta,  Fran. 
conia,  Wiirzburg,  Stutt- 
gart, and  on  rocks  near 
the  Faroe  Isles    ..... 

CM.  Caltasine 
^     Zante,  and  ( 
40.  G^mmatophor.  ««- }  n.  Se..  HeHgol«,d,  Tjom    C  M.  0»b. 

North  Sea,  Tjorn    ....     CM.  Oran. 

Callao  in  Peru,  Vera  Cru*"] 
in   Mexico,    Tjom   In 
Cattegat,    Wismar    in  VC  M.  Oran. 
Baltic,  and  the  Mediter-  I 

ranean J 

'  Among  marine  Conferrsl  ^  «   n— ^ 
near  Vera  Cruz J-  C  M.  Greece. 

North  Sea,  Cuxhaven  .  .     CM.  Greece. 


89. 


41 


42, 


-  sulcata North  Sea,  Cuxhaven 


-  angulo 


■ooeanica 


43. undulata   .  .  . 

44.  Haliomma  radians  . 

45.  Navicula  Didjrmus. 

46. Entomon  .  .  . 

47. norwegica    .  . 

48. quadrifasciata 


I 


/  N.  Sea,  Cuxhaven,  Baltic,  1  ^  lur 

't     Wismar |CM. 

.     N.  Sea,  Christiania  haven. 


;} 


49. 


-  ventncosa . 


and  Tjbrn  Isle. 
Paris,  Berlin,  Saxony,  Bo. 
hernia,    Buchtarma  in 
Altai,  and  Irtysch. 
r  Berlin  fresh  waters,  Weis- ' 

50. viridula ^     senfels  in  Saxony,  and 

[    Wismar  in  Mecklenburg. 


Caltasin 

C.  M.  Greece. 
CM.  Greece. 

C  M.  Greece. 


C  M.  Oran. 


^C  M.  Greece. 
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LIviog.  FomU. 

Fliots  of  the  W.  C.  near 
Gnyeaend,  and  Flints 
of  the  plain  of  North 
Germany  near  Delitnch. 

C.  M.  Oran. 


51.  J^ni"™  Py^P'^^-lBalUc  near  Kiel 


52.  Scriatella  arcuaU . 


6S,  Syaedrs  ulna  . 


54.  Tcssella  Catena   .  . 

55,  IViceratium  FaTus . 


Gulf  of  Fientburg,  Break- 
ers near  Gothenburg. 

Baltic  near  Wismar,  fier- ' 
lin  fresh  waters,  North 
of  Germany,  Denmark, 
Scotland,  HoUand,  the 
Ural,  and  perhaps  Isle 
of  France,  and  Masca- 
rene  Isles 

Breakers   near    Gothen- 
burg and  Berlin  waters. 

North  Sea,  Cuxhayen  .  . 


>C*  M«  Oran. 


5d.  Xanthidiumfurcatum    Berlin 


57.. 


-  hinutum 


Peat  waters  near  Berlin. 


*  C.  M.  Caltasinetta. 

C.  M.  Greece. 

Flints  of  W.  C.  Graves- 
end,  and  Flints  of 
DelitsBch. 
'  Flints  of  W.  C  Gnres- 
end,  and  Flints  of 
Delitssch. 


Of  these  fifty-seven  species,  thirty  belong  to  the  geolo- 
gically acknowledged  chalk  and  its  Sicilian  marls.  The  re- 
mainder from  Oran^  Greece  (probably  E^na),  and  Zante, 
though  perhaps  from  beds  not  equally  well  defined  by  relative 
position  as  chalk  maris,  yet  occurring,  as  they  do,  with  nume- 
rous decided  calcareous  and  siliceous  animals  of  the  chalk,— 
the  geological  relations  of  these  species  may  also  be  considered 
as  firmly  established. 

These  new  discoveries  naturally  lead  to  the  conclusion  that 
we  have  now  no  very  definite  boundary  between  secondary 
and  tertiary  tracts,  and  that  the  first  dawn  or  eocene  period 
of  the  present  living  organic  creation,  must  be  sougnt  for 
deeper  than  the  chalk  formation ;  a  view  that  appears  to  be 
confirmed  by  the  occurrence  of  a  living  Trochus  below  the 
chalk,  of  the  Paludina  vivipara  and  Q/clas  cornea  in  the 
Weald  Clay,  and  of  the  Terebratula  caput  serpentis  in  the 
Upper  Oolite.  But  as  this  and  other  interesting  conclusions 
and  views  entertained  by  the  author  will  be  shortly  laid  open 
to  the  reader,  with  a  full  detail  of  the  progressive  researches 
made,  1  shall  not  now  enter  further  upon  tne  important  mat- 
ter contained  in  the  volume. 
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Appendix. 

[lected  with  the  preceding  subjects  is  the 
>f  M.  Alcide  d'Orbigny,  which  has  recent 
rf,  "  On  the  Foraminifers  of  the  White  CI 
n*."  The  subjoined  extracts  may  serve  t 
the  general  scope  of  the  work,  which,  pla 
hat  of  Dr.  Ehrenberg,  cannot  but  excite  \ 
the  mind  of  the  reader. 

0  entering  upon  the  direct  object  of  the  M 
indulges  in  a  few  general  reflections. 

1  the  author,  cast  a  rapid  glance  upon  wli 
pon  what  still  exists  in  nature,  in  refere 
ers.  We  have  found  them  distributed  tli 
ies,  extending  from  the  lias  to  the  upp 
the  cretaceous  system  they  appear  still 
id  more  varied  in  their  forms.  The  Neo< 
'  the  gault  and  the  green  sand,  contain 
ion  as  we  ascend  from  the  lower  to  the 
icrease  infinitely.  In  these  latter  the  roc 
jften  composed  of  them,  and,  as  an  ex; 
on  the  largest  of  the  Pyramids  of  Egjp 
k  the  number  is  nearly  as  great  as  in  tho 

now  most  abound.     In  a  word,  we  have 

in  the  cretaceous  basins  of  the  Seine,  the 

and   of  the  whole  South  of  France,  j 

to  the  tertiary  tracts,  a  whole  world  is  c 
multiplied  Foraminifers  which  appear 
is,  Bourdeaux,  Touraine,  Italy,  Austria 
id,  and  Belgium,  often  form  there  the  { 
lass.  A  bed  of  considerable  thickness 
sntilly,  near  Paris,  is  entirely  composed  ol 
ers  being  in  contact  with  each  other,  sc 
ight  cement.  In  a  cubical  inch  of  the  r< 
^y-eight  thmisandy  which  is  equal  to  thre^ 
in  a  metre,  and  shows  what  myriads  ma 
asin.  These  small  bodies,  which  we  tl 
beds  in  the  lowest  portions  of  the  tertiary 
»mmon  in  the  higher  stages ;  for  in  Austr 

'  let  Foraminiferet  de  la  Crate  Blanche  du  Basin  c 
)art  1  of  the  Transactions  uf  the  Geological  So 
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1  the  enviroDS  of  Sienna  in  Italy,  they  often  constitute  one- 
ixth  of  the  fossil  mass ;  they  are  also  extensively  distributed 
1  the  Crag  of  England*  and  of  Belgium.  So  much  in  refer- 
nce  to  what  has  existed ;  let  us  now  throw  a  glance  upon 
liat  which  exists. 

We  are  in  the  present  day  acquainted  with  Foraminifers 
rom  every  region  of  the  sea,  and  we  know  that  they  exist  in 
xtent  from  the  equator  to  the  frozen  portions  of  continents, 
f  we  judge  of  the  important  part  they  play  by  their  numbers 
n  certain  quarters,  it  will  be  impossible  to  doubt  that  their 
emains  form  the  greater  part  of  the  banks  of  sand  which  im« 
^de  navigation,  obstruct  gulfs  and  straits,  fill  up  ports,  and 
orm  with  corals  those  isles  which  are  daily  rising  in  warm 
egions  from  the  bosom  of  the  ocean. 

Thus  these  minute  shells,  which,  anterior  to  our  epoch, 
lave  assisted  in  leveling  basins  of  immense  extent,  and  in 
brming  mountains,  are  now  still  constantly  changing  the 
lepth  of  coasts  and  modifying  the  bottom.  This  view  of  their 
igency  in  nature  is  doubtless  sufficient  to  prove  the  import- 
ince  which  attaches  to  their  study. 

We  will  add^  that  the  comparative  study  of  the  fossil  Fora- 
ninifers  of  all  beds  has  proved  to  us  a  fact  important  to 
geology,  namely,  that  each  bed  has  its  characteristic  species, 
vhich  serve  to  distinguish  it,  let  the  circumstances  be  what 
hey  may ;  and  as  these  minute  shells  are  infinitely  more  com 
non  than  those  of  Mollusks,  the  knowledge  to  be  derived 
rom  them  is  so  much  the  more  certain,  and  becomes  extremely 
nteresting. 

Another  fact  no  less  curious  has  been  demonstrated  to  us 
jy  the  study  of  living  species  from  every  region  of  the  globet* 
Many  genera  are  peculiar  to  the  hottest  zones  of  continents, 
ivhile  others,  on  the  contrary,  are  found  only  in  temperate 
IT  cold  regions.  Hence  the  geographical  distribution  of 
iving  genera  and  species  offers  to  us  a  means  of  comparison 
^f  the  highest  importance  with  a  view  to  the  determination  of 
he  temperature  of  the  waters  in  which  fossil  species  lived, 

*  Mr.  Lyell  has  communicated  to  us  the  species  which  he  discovered 
in  the  Crag. 

-|*  We  are  acmiainted  at  present  with  nearly  fifteen  hundred  living  and 
fossil  species  of  Foraminifers ;  and  how  many  important  facts  may  be  de» 
rived  from  the  study  of  these  small  bodies  may  be  seen  in  three  works 
which  we  are  now  publishing:  1.  the  Fauna  of  the  Antilles,  printed  in 
^ HtMtoire  politique, physique iCt  naturelle  de  Pile  de  Cuba,  by  M.  de  la  Sagra ; 
2.  that  of  the  Canaries,  published  in  PHittoire  Naturelle  of  those  islands, 
[)y  MM.  Webb  and  Certhelot;  3.  the  Fauna  of  the  southern  extremity  of 
America,  forming  a  part  of  our  Voyage  dam  PAmerique  Meridionale. 
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and  may  lead  to  very  satisfactory  results  in  geolc^,  if  we 
may  judge  by  the  fruits  of  our  observations  in  this  respect. 

We  could  have  desired  to  establish  some  general  racts  of 
much  greater  extent,  founded  on  new  observations  recently 
made  by  us  on  the  class  of  the  Foraminifers ;  but  the  pre- 
sent occasion  not  admitting  such  an  extension,  let  us  pass  to 
the  Foraminifers  of  the  white  chalk  of  the  Paris  basin. 

The  geological  position  of  the  white  chalk  of  Paris  is  so 
well  known  that  we  have  not  thought  it  necessary  to  speak  of 
it;  yet,  if  we  seek  to  determine  its  position  relatively  to  the 
other  cretaceous  beds  by  means  of  the  Foraminifers  it  con- 
tains, compared  with  living  species,  the  Jacies  of  the  genera 
and  species  proves  to  us,  that  the  chalk  of  Maestricht,  of  Faa- 
quemont  (Belgium),  of  Tours,  of  Chavagne,  and  of  Vendome, 
is  above  it;  wnile,  on  the  contrary,  all  the  other  beds  are 
below  it ;  thus  in  the  chalk  of  Maestricht  and  the  upper  beds 
of  the  basins  of  the  Loire,  we  recognize  only  genera  still  ex- 
isting, or  at  least  occurring  in  tertiary  tracts,  while  the  white 
chalk  of  the  Paris  basin  already  exhibits  to  us  different  genera, 
such  as  Flabellina^  Vemeuilina^  and  Gaudryina^  and  a  great 
number  of  species  quite  distinct 

It  would  therefore  be  easy  to  establish,  bv  means  of  the 
Foraminifers  alone,  the  relative  antiquity  of  the  cretaceous 
beds ;  but  we  must  previously  make  two  geographical  sections 
quite  independent  of  each  other,  founded  on  the  zoological 
forms;  the  first  comprising  the  entire  basin  of  the  Seine,  of 
the  Loire,  of  Belgium,  and  of  England,  in  which  we  find  a 
striking  analogy  between  the  species  found  in  all  the  beds, 
from  the  lowest  to  the  highest,  with  a  regular  passage  firom 
one  to  the  other;  the  second,  comprising  the  West  and  ^outh 
of  France,  in  which  the  species  of  Foraminifers  have  not 
only  no  analogy  with  those  of  the  other  section,  but  in  which^ 
moreover,  almost  all  the  genera  are  different  If  we  seek  an 
example  of  this  fact,  we  shall  find  it  on  comparing  the  green 
sand  of  the  environs  of  Mans  with  that  of  the  mouth  of  the 
Charente.  The  first,  which  in  fact  contains  species  approxi- 
mating to  those  of  the  white  chalk  of  Paris,  contains  already 
several  species  analogous  to  those  which  have  lived  up  to  that 
bed;  while  the  second,  with  perfectly  distinct  species,  pre- 
sents to  us  genera  different  from  all  that  we  know  in  the  cre- 
taceous beds  of  the  North  of  France  and  of  Belgium. 

The  Foraminifers  are  sufficient  to  establish  the  following 
descending  order  of  superposiUon  in  the  cretaceous  beds  : — 
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Groi^  of  the  North  of  France  and  of 
Belgium, 

pper  chalk  of  Maestricht  and  Fau- 
quemont  (Belgium). 
oral  chalk  of  Valognes  and  Nehou. 
oral  chalk  of  the  basin  of  the  Loire, 
at  Vendome   (Loir  and   Cher),    at 
Chavagne    (Blaine  and   Loire),    at 
Toon  (Indre  and  Loire), 
rhita  chalk  of  Ciply  (Belgium). 
Thlta  chalk  of  Paris,  of  the  depart- 
ments of  Yonne  and  Aube,  and  of 
England. 


Grotqt  fffthe  Weat  and  South  of 
France, 


Ihalk  marl  of  the  Loire,  with  Gryphaa 
columba. 


rreen  sand  of  Mans  (Sarthe). 

rault  of  the  environs  of  Troyes  (  Aube). 
ItoeoauMD.  tract  of  Aube. 


NummuUte  chalk  of  Royan  (Charente 
Inf^rieure),  of  Saint  Martory  (Haute 
Garonne)^  of  Saint  Gaudens,  &c. 

Coral  chalk  of  Saintes  (Charente  InCM" 
eure). 

Ammonite  chalk  of  Martrons,  near 
Rochefort  (with  Gryvhaa  columba). 

Caprine  chalk  of  the  Ue  of  Aiz,  of  the 
Corbidres  (Aude). 

Green  sand  of  Fouras,  of  the  Isle  of 
Aiz,  and  Corbi^res. 


To  establish  zoologically  what  we  have  advanced,  let  us 
mss  in  review  the  succession  of  the  genera,  and  endeavour  to 
onvey  an  idea  of  the  modifications  which  ^ve  taken  place  in 
he  Foraminifers  of  the  cretaceous  system,  in  the  ascending 
Tder  of  the  beds. 

At  the  epoch  of  the  Neocomian  formation  we  have  hitherto 
3und  only  the  genus  Textularia. 

The  green  sand  presents,  as  we  have  said,  two  series  of 
;enera  nearly  distinct.  That  of  the  mouth  of  the  Charente 
ontains  the  genera  DeiUalina^  Cristeltarioj  Lituola^  Alveolinaj 
"^hfysalidina^  and  Cuneolina ;  that  of  Mans,  the  genera  Det^ 
alinoj  Citharinay  Frondictdafia^  Flabellinoj  Cristellaria,  Bu^ 
imina^  and  Gutttdina.  Hence  we  see,  that,  with  the  excep- 
ion  of  two  genera  common  to  both  localities,  all  the  rest  are 
lifferent  in  each  of  them. 

If  we  follow  our  examination  of  the  succession  of  genera  in 
he  cretaceous  groups  of  the  South  and  the  North,  we  shall 
ind — 

1.  That  in  the  South  the  same  genera  of  the  green  sand 
ire  reproduced  in  the  Caprine  chalk.  By  degrees  they  pre- 
vail at  length  in  the  upper  beds,  and  are  reduced  to  the  CriS' 
ellaria  alone  in  the  environs  of  Saintes ;  but  near  the  mouth 
>f  the  Gironde  (at  Royan)  they  are  accompanied  by  the 
j[enera  Nummulina  and  Gutttdinoj  as  well  as  on  the  whole 
ine  of  the  foot  of  the  Pyrenees,  at  Saint  Martory,  at  Saint 
Saudens,  extending  into  the  department  of  Aude;  thus  pre- 
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senting  a  zone  well  characterized  by  the  abundance  of 
mulina,  of  which  we  have  not  found  the  analogue  in  the 
ceous  beds  of  the  North  of  France. 

2.  That  in  the  North  the  succession  is  far  from  taking 
in  the  same  manner;  and  that  the  Foraminifers,   in 

Srreater  numbers,  present  a  larger  suite  in  superposition 
acts  not  less  curious.  The  genus  Citharina^  which  c 
tutes  the  greatest  portion  of  the  species  in  the  oolite  i 
tion,  ceases  with  the  green  sand  of  Mans,  being  foui 
further  in  the  cretaceous  beds.  In  the  chalk  marl  of  the 
of  the  Loire  we  meet  for  the  first  time  with  the  genus  L 
with  the  Dentalina;  but  all  at  once,  in  the  white  chai 
observe  a  great  number  of  species,  among  which,  with  i 
genera  and  even  some  analogous  species  of  the  green  sf 
Mans,  there  appear  for  the  first  time  on  the  globe  the  g 
NodosariOf  Marginidina^  Valvidina,  Rotalina^  Rosaline, 
cattdina,  Vvigerina,  Verneuilina,  Gaudryina,  Globigerim 
ridina,  Sagrina,  Flabellina,  and  Frondictdaria,  These  ^ 
contain  a  considerable  number  of  species ;  but  with  the 
chalk  the  genus  Flabellina  ceases,  which  had  continued  hi 
from  the  sreen  sand,  and  the  genera  Vernetiilina  and 
dryina,  wnich  first  appear  in  the  white  chalk,  also  terr 
with  it;  while  in  ^s  interior  the  Frondicularia  abound,  £ 
as  species  whose  cells  form  a  pile  on  a  single  line. 

1  he  white  chalk  of  Ciply,  although  contemporaneoui 
that  of  the  Paris  basin,  since  it  also  contains  Flabellina 
not  present  the  same  species,  and  may  perhaps  be  a 
higher  in  the  series,  but  we  have  not  as  yet  sufficient  d 
enable  us  to  affirm  this  fact. 

In  the  beds  which  we  consider  higher  in  the  seriej 
the  white  chalk  of  Paris,  namely,  in  the  coral  chalk  of  1 
of  Chavagne,  and  of  Vendome,  we  meet  for  the  first 
with  the  genera  Polystomella,  Polymorphina  and  Glob 
yet  accompanied  with  the  same  genera  as  those  of  the 
chalk,  with  the  exception  of  those  whose  discontinuani 
have  noticed ;  again,  in  the  upper  chalk  of  Maestrich 
Fauquemont  we  have,  with  the  three  genera  just  menti 
also  the  genera  Nonionina,  Faujasina,  and  Heterost 
All  are  found  living  at  present,  or  at  least  occurring  i 
tiary  tracts ;  but  we  arrive  at  the  last  beds  of  the  creta 
group  without  having  seen  a  single  species  of  the  Milt 
Lamarck  (our  order  of  Agathistegues),  which,  as  we 
tained  in  1825,  only  commences  with  the  tertiary  bedi 
may  be  considered  as  the  most  certain  sign  of  a  char 
formation. 

This  rapid  survey  shows  that  in  ascending  from  the 
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to  the  higher  beds  of  the  cretaceous  group,  the  genera  and 
species  of  Foraminifers  progressively  increase,  and  that  the 
forms,  at  first  very  simple,  analogous  to  those  of  oolitic  tracts, 
afterwards  more  complicated  and  specially  appropriate  to  the 
lower  beds  of  the  cretaceous  system,  have  at  last  been  replaced 
in  the  upper  parts  by  forms  still  more  varied,  the  whole  re- 
curring in  tertiary  tracts,  and  even  in  the  living  state ;  facts 
which  it  has  appeared  to  us  important  to  establish  in  the  hi- 
story of  Palaeontology. 

M.  A.  d'Orbigny  then  proceeds  to  describe  the  species  of 
Foraminifers  found  by  him  in  the  white  chalk  of  the  Paris 
basin.  The  following  is  a  list  of  them,  together  with  their 
localities: — 

LooOltiet. 

1.  Nodosaria  limbaU Meudon  :  very  rare. 

2.  Dentalinaaculeaui f  Common  at  Sens  :  more  rare  at  Meudon  and  m 

[      Enffland. 

r  Meucbn  :  rare.    Its  analogue  is  found  fossil  in 

3.  communis  -       the  Subapennine  tracts  of  Italy  and  Austria, 

I,     and  living  in  the  Adriatic. 

4.  gracilis    At  Sens  and  in  England. 

-    nodosa  /  Common  at  Sens,  more  rare  at  Meudon  and 

I     Sl  Germain. 

6.  ' Lomeiana  ...Only  in  the  environs  of  Sens. 

r  Very  common  at  Sens,  Meudon,  and  St.  Ger- 
^        .  sulcata  J      ™**"»  ^'^d  ^"  ^^  chalk  of  England.     Found 

1      also  in  the  green  sand  of  the  environs  of 

I     Mans  (Sarthe). 
mulUcostata   .../^""'  ?^'  Germain:  rare.     Also  at  Maestricht 
(_     rarely. 

'Common  at  Sens,  very  rare  at  Meudon,  St. 
Germain,  and  in  England:  found  only  in 
the  young  state. 
r  Meudon :  very  rare.     Occurs  also  in  the  green 

^^'  compressa  <      ^^j  j^  ^^c  environs  of  Mans. 

'  Common  near  Sens,  very  rare  at  Meudon  and 

11.  elongata «       St.  Germain.     Occurs  also  in  the  chalk  of 

L     Ciply. 

12.  gradata   Only  near  Sens. 

13.  raricosta Meudon  :  very  rare. 

14.  Frondicularia  radiata  Meudon  and  St.  Germain:  very  rare. 

15.  elegans    Meudon  and  Sens :  very  rare. 

,^  -7         ...  r  Common  at  Sens,  on  the  banks  of  the  Yonne ; 

'^-  Vcmeuiliana  ...  |     ^^^^  ^^  g^^  Germain  and  Meudon. 

17.  Archiaciana    Meudon  and  Sens:  rare. 

18.  omaU.. Found  only  once  at  Meudon. 

19.  __.  tricarinata  Environs  of  Sens :  seems  to  be  rare. 

20.  angulosa .....Meudon:  very  rare. 

21.  Flabellina  rugosa    Sens  and  Meudon  :  common. 

22.  Baudouiniana Only  at  Sens. 

23.  pulcfara   Meudon  :  very  rare. 

i  Very  common  in  the  white  chalk  of  Meudon, 

24.  Cristellaria  rotuhita \      St.  Germain,  Sens,  and  in  England.   Occurs 

|_     also  in  the  green  sand  near  Mans. 

25.  ■  navicula  Sens  and  Meudon  :  rare. 

26.  triangularis Sens  :  very  rare. 

27.  »..~^-  recta    Meudoa  and  St.  Germain :  rather  rare. 


8. 


9.  Marginulina  trilobata.. 
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»rdieriana 
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^audryana   Only  at  St  Germain:  rare. 

'  Very  common  at  Sens  in  the  complete 
St.  Germain  only  young,  and  adv 
rarely  at  Meudon.  Occitrs  also  in  tli 
of  England, 
'  Very  common  at  Meudon,  St.  Germain 
England. 
Common  at  St.   Germain,  Meudon, 

England  ;  rare  at  Sens. 
Common  at  Meudon  and  St.  Germain ; 
Sens  and  in  England ;  common  als4 
tertiary  tracts  of  Austria.  lu  ana 
found  living  at  Rimini  in  the  Adriat 
being  no  dnference  between  the  fo 
living  species. 
St.  Germain,   Meudon,  and  England 

rare. 
St.  Germain,  England,  and  upper  d 
Maestricht. 

cretacea  ..St.  Germain  and  England. 

ivata Common  near  Sens;  rare  in  England. 

I  Beaumontiana.Meudon  and  England  :  rare. 

r  Common  at  Su  Germain  and  Meudon ; 

^"***°*    \     Sens  and  in  England. 

ementiana  Rare  at  St.  Germain,  more  common  in  I 

bbosa  St.  Germain:  rare. 

tricarinata  St.  Germain  and  Sens  :  rather  rare. 

Very  common  at  Meudon ;  rare  at  St.  ( 

and  in  England. 
Very  common  at  Meudon,  St  Germaii 
and  in  England. 
*  uM*  /Very  common  at  Sens;  rare  at  Meud 

"•***"• ^      Germain,  and  in  EngUnd. 

Very  common  at  Meudon,  St.  Germa 

Sens. 
St.  Germain  and  England :  rare. 
...Sens:  very  rare. 

{Very  rare  at  Sens  and  St.  Germain  ;  ye 
mon  at  Meudon. 
f  Meudon,  St.  Germain,  and  Sens :  rath 

'«^  t     mon. 

. ,  r  Rather  common  at  Meudon,  Sens,  St.  G 

^'^""^ {     and  in  England. 

ochus Only  at  Meudon. 

.  J  Sens,   Meudon,    St.   Germain,  and  £ 

1^     without  being  common. 

iiidouiniana St.  Germain  and  Meudon  :  rare. 

»sa St.  Germain  and  Meudon. 

preceding  list  it  appears,  that  of  the  fift; 
I  in  the  white  chalk  of  the  Paris  basin,  i 
It  Meudon,  thirty-three  at  Saint  Genmaio 
at  Sens:  of  these  numbers,  nine  are  pecul 
7  to  Saint  Germain,  and  six  to  Sens,  whi 
e  simultaneously  common  to  two  or  three  1 
iving  the  perfect  identity  of  the  beds.  It  v 
t  of  these  fifty-four  species,  Iwentj/^two  are 
bite  chalk  of  £ngland  also. 


liqi 


urchisoniana 
icarinata 

iminata    
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Of  the  fifty-four  species,  seven  occur  also  in  lower  or  higher 
beds:  thus  in  the  green  sand  of  Mans  are  found  three  spe- 
cies, Denialina  sulcata^  Margintdina  compressa^  and  CristeU 
laria  roiulata ;  in  the  coral  chalk  of  Tours,  which  is  higher 
in  position  than  the  white  chalk,  two  species,  Bulimina  obtusa 
and  Textidaria  turris ;  and  in  the  chalk  of  Maestricht,  being 
the  highest  in  position,  two  species,  Dentalina  multicostata 
and  Rotalina  Cordieriana,  We  also  find  two  species,  the 
analogues  of  which  occur  both  fossil  in  the  tertiary  tracts  of 
Austria  and  Italy,  and  in  the  living  state  in  the  Adriatic, 
namely,  Dentalina  communis  and  Rotalina  umbilicata.  With 
these  exceptions  there  still  remsln  forty-seven  species  peculiar 
to  the  white  chalk,  showing  clearly  that  it  forms  a  bed  distinct 
from  all  the  rest  of  the  cretaceous  system,  belonging  to  a  small 
local  fauna  well-defined. 

On  comparing  the  above  genera  given  by  M.  d'Orbigny 
with  those  named  by  Dr.  Ehrenberg  in  his  tabular  view  of 
the  Bryozoa,  inserted  in  the  early  part  of  this  paper,  it  will 
be  seen  that  Nodosaria,  Dentalina,  Marginulina,  Frondicu- 
laria  are  included  in  the  family  of  the  Nodosarina  of  the  latter 
author;  Cristellaria,  Rotalina,  Truncatulina,  included  in  his 
family  of  the  Rotalina;  Globigerina,  Rosalina,  Valvulina, 
Bulimina,  Uvigerina,  Pyrulina,  in  his  family  of  the  Uvellina; 
and  Textularia  in  his  family  of  the  Textularina.  The  Lituola 
nautiloidea  of  Lamarck  and  d'Orbigny  is  the  Coscinospira 
nautiloides  of  Ehrenberg,  included  m  the  Fabularina  family 
of  the  latter. 

If  we  now,  observes  M.  d'Orbigny,  compare  the  fauna  of  the 
Foraminifers  of  the  white  chalk  with  those  of  different  seas, 
with  a  view  of  determining  the  analogy  of  composition,  and  of 
obtaining  data  respecting  the  temperature  of  tnat  basin  at  the 
time  when  these  species  lived,  we  shall  find  this  analogy  more 
striking  in  the  Adriatic  Sea  than  anywhere  else.  There  only, 
the  same  as  in  the  chalk,  are  found  in  abundance  Nodosaria, 
Dentalina,  Marginulina,  Frondicularia;  there  only  occur  a 
considerable  number  of  species  of  Bulimina.  This  sea  alone 
in  the  present  day  contains  living  Frondicularia;  of  Fron- 
dicularia so  varied  in  the  white  chalk;  and,  to  complete 
the  approximation,  it  exhibits  to  us  the  only  two  living  spe- 
cies, the  analogues  of  which  are  found  in  the  fossil  state  in  the 
white  chalk,  namely,  Dentalina  communis  and  Rotalina  urn- 
bilicata.  This  analogy  of  zoological  forms  would  lead  us  to 
believe,  1st,  that  the  basin  in  wnich  is  deposited  the  white 
chalk  of  Paris  was  subject  to  a  warm  temperature ;  2nd,  that 
it  was  circumscribed,  protected  from  waves  and  from  every 
violent  current  proceeding  from  a  distance,  since  the  bodies 
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are  deposited  there  without  having  experienced  the  slightest 
wearing  previous  to  their  becoming  fossil;  3rd  and  lastly, 
that  it  extended  to  the  whole  of  the  white  chalk  of  England. 


Concluding  Remarks. 

The  preceding  extracts  from  the  labours  of  Dr.  Ehrenberg 
and  M.  A.  d'Orbigny  show  that  microscopic  Polythalamia 
are  found  in  all  calcareous  formations  from  the  lias  upward; 
but  in  England  they  have  been  lately  discovered  in  still  deeper 
strata.  Mr.  Tennant  was,  I  understand,  the  first  to  announce 
their  discovery  in  1839  in  the  mountain  limestone  of  England. 
In  1840  they  were  also  met  with  in  the  Kendal  limestone, 
from  which  Mr.  Lonsdale  has  prepared  thin  slices  mounted 
on  glass,  which  appear  transparent  under  a  strong  light,  ex- 
hibiting the  crowded  state  of  the  microscopic  Polythalamia  in 
great  perfection.  Mr.  Bowerbank  also  has  been  led  to  turn 
his  attention  to  this  subject  by  examining  the  siliceous  bodies 
of  the  chalk,  green  sand,  and  oolites'**^. 

I  had  written  thus  far,  when  an  interesting  article  by  the 
Rev.Dr.Buckland,  in  reference  to  the  researches  of  Dr.  Ehren* 
berg  up  to  1839,  met  my  eye,  entitled,  "On  the  agency  of 
Animalcules  in  the  formation  of  Limestoneft"  which  notices 
in  particular  the  researches  of  MM.  Tennant  and  Darker  on 
this  subject  in  the  Derbyshire  limestone  and  the  Stonesfield 
slate,  as  well  as  the  labours  of  Mr.  Bowerbank,  referred  to 
above,  and  conveying  judicious  reflections.  Dr.  Buckland 
justly  remarks,  that  in  the  application  of  the  microscope 
from  the  living  to  the  fossil  Infusoria  and  Foraminifers  we  are 
commencing  a  new  and  important  era  in  Palaeontology.  A 
very  interesting  branch  of  the  inquiry  will  be  to  ascertain 
whether  these  microscopic  bodies  retain  throughout  a  distinct* 
ive  character  in  the  several  formations  into  whose  composition 
they  enter.  In  the  unbounded  field  of  nature  presented  to 
the  consideration  of  the  Microscopical  Society  of  London 
lately  established,  no  subject  appears  more  worthy  of  their 
attention  than  an  examination  of  the  microscopic  organic  con- 
stituents of  all  the  older  limestone  formations  of  the  British 
Isles,  as  well  as  of  other  countries;  and  it  is  much  to  be  de- 
sired that  this  attention  may  not  be  wanting,  although  the 
concurrence  of  many  labourers  may  be  required  to  reap  a 
harvest  of  great  promise,  yet  of  indefinite  extent. 

•  Proceedings  of  the  Geological  Society,  March  11, 1840. 

t  Edinburgh  New  Philosophical  Journal,  January  to  April,  1841. 
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LXXIV.  Second  Letter  to  Prof-  Faraday,  Jrom  Robert 
Hare,  Af.  A,  Professor  of  Chemistry  in  the  University  of 
Pennsylvania*. 

My  dear  Sir, 
39f.  I N  the  month  of  July  last  I  had  the  pleasure  to  read,  in 

-■■  the  American  Jouiiial  of  Science,  your  letter  in  reply 
to  one  which  I  had  addressed  to  you  through  the  same  chan- 
nel. I  should  sooner  have  noticed  this  letter,  but  that  mean- 
while  I  have  had  to  republish  two  of  my  text  books,  and, 
besides,  could  not  command,  until  lately,  a  complete  copy 
of  all  those  numbers  of  your  researches  to  which  you  have 
referred. 

40.  The  tenor  of  the  language  with  which  vour  letter  com-* 
mences,  realizes  the  hope  which  I  cherished,  that  my  stric- 
tures would  call  forth  an  amicable  reply.  Under  these  cir- 
cumstances, it  would  grieve  me  that  you  should  consider  any 
part  of  my  language  as  charging  you  with  inconsistency  or 
self-contradiction,  as  if  it  could  be-  my  object  to  put  you  in 
the  wrong,  further  than  might  be  necessary  to  establish  my 
conception  of  the  truth.  Certainly  it  has  been  my  wish  never 
to  go  beyond  the  sentiment  <^  amicus  Plato,  sed  magis  amica 
Veritas."  I  attach  high  importance  to  the  facts  established  by 
your  "  Researches,''  which  can  only  be  appreciated  sufficiently 
by  those  who  have  experienced  the  labour,  corporeal  and 
mental,  which  experimental  investigations  require.  I  am, 
moreover,  grateful  for  the  disposition  to  do  me  justice,  mani- 
fested in  those  researches ;  yet  it  may  not  always  be  possible 
for  me  to  display  the  deference,  which  I  nevertheless  entertain. 
I  am  aware  that  when,  in  a  discussion,  which  due  attention  to 
brevity  must  render  unceremonious,  diversities  of  opinion  are 
exhibited,  much  magnanimity  is  requisite  in  the  party  whose 
opinions  are  assailed ;  but  I  trust  that  both  of  us  have  truth 
in  view  above  all  other  objects,  and  that  so  much  of  your  new 
doctrine  as  tends  to  promote  that  end,  will  not  be  invalidated 
by  a  criticism,  which,  though  free,  is  intended  to  be  perfectly 
fair. 

41.  In  paragraph  11  your  language  is  as  follows: — "Jfcfy 
theory  of  induction  makes  no  assertion  as  to  the  nature  of  elec' 

*  Communicated  by  the  Author. 

t  As  originally  printed  for  the  American  Journal  of  Science,  the  para- 
graphs of  my  first  letter  to  Prof.  Faraday  were  net  numbered ;  but  as 
numbers  were  attached  to  the  para|^phs  in  the  republication  of  it  in  the 
l^ndou  and  Edinburgh  Philosophical  Magazine  and  Journal  [vol.  xvii. 
p.  44] ,  I  have  directed  them  to  be  attached  to  this,  my  second  letter,  in 
due  succession. 

Phil.  Ma§.  &3.  VoU  18.  Nq.  119.  June  18*K     2  H 
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tricity^  nor  at  all  questions  any  of  the  theories  respecting 
subject.** 

42.  Owing  to  this  avowed  omission  to  state  your  opi 
as  to  the  nature  of  electricity,  as  preliminary  to  the  stat< 
of  your  "  theory^**  and  because  I  was  una1[)le  to  reconcile 
theory  with  those  previously  accredited,  I  received  the  in 
sion  that  you  claimed  no  aid  from  any  imponderable  prin 
It  appeared  to  me  that  there  was  no  room  for  the  agei 
any  such  principle,  if  induction  were  an  action  of  conti 
ponderable  particles  consisting  of  a  species  of  polariti 
seemed  to  follow  that  what  we  call  electricity,  could  b 
thing  more  than  a  polarity  in  the  ponderable  particles,  di 
caused  by  those  mechanical,  or  chemical  frictions,  movei 
or  reactions,  by  which  ponderable  bodies  are  electrified, 
have  correctly  inferred  that  I  had  not  seen  the  fourt 
series  of  your  researches,  containing  certain  paragraphs 
From  them  it  appears  that  the  polarity,  on  which  so 
stress  has  been  laid,  is  analogous  to  that  which  has  long 
known  to  arise  in  a  ponderable  body,  about  which  the  el 
equilibrium  has  been  subverted  by  the  inductive  influei 
the  electricity  accumulated  upon  another  such  body.  1 
clearly  explained  in  paragraph  4  of  your  letter,  by  the 
tration,  agreeably  to  which  three  bodies.  A,  6,  C,  ar< 
ated  in  a  line,  in  the  order  in  which  they  are  named,  in 
imity,  but  not  in  contact.  "  A  is  electrified  positively 
then  C  is  uninsulated."  It  is  evident  that  you  are  con 
representing  that,  under  these  circumstances,  the  extremi 
B  will  be  oppositely  excited,  so  as  to  have  a  reaction  wil 
similarly  excited  body,  analogous  to  that  which  takes 
between  magnets;  since  the  similarlv  excited  extremit 
two  such  bodies  would  repel  each  other,  while  those  di 
larly  excited  would  be  reciprocally  attractive.  Henc 
doubt,  the  word  polarity  is  conceived  by  you  to  conv 
idea  of  the  state  of  the  body  B.  If  I  may  be  allowed  t( 
pose  an  epithet  to  convey  the  idea  which  I  have  of  the 
of  a  body  thus  electrified,  I  would  designate  it  as  an  el 
polar  state,  or  as  a  state  of  electro-polarity. 

43.  It  does  not  appear  to  me,  that  in  the  suggestion  < 
electro-polarity,  which  we  both  conceive  to  be  induced 
the  body  B  (4),  so  long  as  it  concerns  a  mass  of  pondi 
matter,  there  is  any  novelty.  The  only  part  of  your  do 
which  is  new,  is  that  which  suggests  an  analogous  state 
caused  in  the  particles  of  the  bodies  through  wnich  the  ir 
ive  power  is  propagated.  Admitting  eacn  of  the  partic 
a  dielectric,  Uirough  which  the  process  of  ordinary  indi 
takes  place,  to  be  put  into  the  state  of  the  body  B,  it  da 
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ippear  to  me  to  justify  your  definition  of  electrical  induction. 
L  think  that,  consistently  with  your  own  exemplification  of 
hat  process,  you  should  have  alleged  ordinary  induction  to 
>e  productive  of  an  affection  of  particles,  causing  in  them  a 

ricies  of  polarity.  In  the  case  of  the  bodies  A,  B,  C  (4), 
is  evidently  passive.  How  then  can  we  consider  as  active, 
>articles  represented  to  be  in  an  analogous  state  ?  If  in  B 
here  is  no  action,  how  can  there  be  any  action  in  particles 
performing  a  perfectly  similar  part?  Moreover,  how  can  the 
nductive  power  of  an  electrical  accumulation  upon  A  consist 
f  the  polarity  which  it  induces  in  B  ? 

44.  Having  supposed  (8)  an  electrified  ball,  A,  an  inch  in 
liameter,  to  be  situated  within  a  thin  metallic  sphere,  C,  of  a 
ix>t  in  diameter,  you  suggest,  that  where  one  thousand  con- 
entric  metallic  spheres  interpose  between  A  and  the  inner 
urface  of  C,  the  electro-polar  state  of  each  particle  in  those 

Siheres  would  be  analogous  to  that  of  B,  already  mentioned, 
f  course,  if  there  be  any  action  of  those  particles,  there  must 
e  an  action  of  B ;  but  this  appears  to  me  not  only  irrecon* 
ilable  with  any  previously  existing  theory,  but  also  with  your 
wn  exposition  of  the  process  by  which  B  is  polarized. 

45.  Supposing  concentric  metallic  hemispheres  to  be  inter- 
osed  only  upon  one  side  of  A,  you  aver  that,  agreeably  to 
our  experience,  more  of  the  inductive  influence  would  be 
xtended  towards  that  side  of  the  containing  shell  than  before 
L4).  Admitting  this,  I  cannot  concede  that  the  greater  in- 
uence  of  the  induction,  resulting  from  the  presence  of  the 
letallic  particles,  is  the  consequence  of  any  action  of  theirs, 
'hether  in  contiguity  or  in  proximity.  Agreeably  to  mjr  view, 
ie  action  is  confined  to  the  electrical  accumulation  in  the 
phere  A.  Between  the  electricity  accumulated  in  this  sphere, 
nd  that  existing  in  or  about  the  intervening  ponderable  parti- 
tas, there  may  be  a  reaction ;  but  evidently  these  particles  are 
s  inactive  as  are  the  steps  of  a  ladder  in  the  scaling  of  a  wall. 

46.  Suppose  a  powerful  magnet  to  be  so  curved  as  to  have 
le  terminating  polar  surfaces  parallel,  and  to  leave  between 
lem  an  interval  of  some  inches.  Place  between  these  sur- 
ices  a  number  of  short  pieces  of  soft  iron  wire.  These  would, 
f  course,  be  magnetized,  and  would  arrange  themselves  in 
3WS,  the  north  and  south  poles  becoming  contiguous.  Would 
lis  be  a  sufficient  reason  for  saying  that  the  inductive  influ- 
ace  of  the  magnetic  poles  was  an  action  of  the  contiguous 
ires  ?  Would  not  the  phsenoroena  be  the  consequence  of 
a  affection  of  the  contiguous  pieces  of  wire,  not  of  their  action? 

47.  As  respects  the  word  charge,  I  am  not  aware  that  I 
ave  been  in  the  habit  of  attaching  any  erroneous  meaning  to 
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it,  as  your  efforts  to  define  it  in  paragraph  3  would  imply 
have  been  accustomed  to  restrict  the  use  of  it  to  the  case  wl 
you  distinguish  as  an  inductive  charge,  illustrated  hv  ths 
the  Leyden  jar.  To  designate  the  states  of  the  conductoi 
a  machine,  I  have  almost  always  employed  the  words,  exi 
or  excitement.  In  my  text  book  these  words  are  usee 
designate  the  state  of  glass  or  resin  electrified  by  friction,  ^ 
that  of  coated  surfaces,  whether  panes  or  jars,  inducti 
electrified,  has  been  designated  by  the  words  charge  or  char 

48.  I  understood  the  word  contiguous  to  imply  contact 
contiguity,  whereas  it  seems  that  it  was  intended  by  yoi 
convey  the  idea  of  proximity.  In  the  last-mentioneu  sen: 
is  not  inconsistent  with  the  idea  of  an  action,  at  the  disU 
of  half  an  inch :  but  by  admitting  the  word  contiguous  t< 
ill  chosen,  you  have  with  great  candour  furnished  me  witi 
apology  for  having  mistaken  your  meaning. 

49.  Any  inductive  action  which  does  not  exist  at  sens 
distances  (!20)  you  attribute  io  ordinary  induction,  conside 
the  case  of  induction  through  a  vacuum  as  an  extraordii 
case  of  induction.  To  me  it  appears  that  the  induction  r 
be  the  same  in  both  cases,  and  that  the  circumstances  ui 
which  it  acts  are  those  which  may  be  considered  in  the 
case  as  ordinary^  in  the  other  extraordinary.  Thus  take 
case  cited  in  your  replv  (8,  9,  1 0).  Does  the  interpositic 
the  spheres  alter  the  character  of  the  inductive  power  ir 
sphere  A  ? 

50.  Either  the  force  exercised  by  the  charge  In  A  is 
that  of  gravitation,  altogether  independent  of  Uie  influent 
intervening  bodies,  or,  like  that  of  light,  is  dependent  or 
agency  of  an  intervening  matter.  Agreeably  to  onedocti 
the  matter,  by  means  of  which  luminous  bodies  act,  opei 
by  its  transmission  from  the  luminous  surface  to  that  illumii 
agreeably  to  another  doctrine,  the  illuminating  matter  opei 
by  its  undulations.  If  the  inductive  pffmei'  of  electrified  be 
be  not  analogous  to  gravitation,  it  must  be  analogous  to 
power  by  which  light  is  produced,  so  far  as  to  be  depem 
on  intervening  matter.  But  were  it  to  resemble  gravitai 
like  that  force  it  would  be  uninfluenced  by  intervening  ma 
If  your  experiments  prove  that  electrical  induction  is  liab 
be  modified  by  intervening  matter,  it  is  demonstrated  tin 
its  mode  of  operating  it  is  analogous  to  light,  not  to  gra 
tion.  It  is  then  proved  that,  agreeably  to  your  docti 
electrical  induction  requires  the  intervention  of  matter; 
you  admit  that  it  acts  across  a  vacuum,  and,  of  course, 
without  the  presence  of  ponderabte  matter.  Yet  it  reqi 
intervening  matter  of  some  kind,  and  since  that  matter  is 
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f)onderable,  it  must  of  necessity  be  imponderable.  When 
ight  is  communicated  from  a  luminous  body  in  the  centre  of 
an  exhausted  sphere,  agreeably  to  the  undulatory  hypothesis, 
its  efficacy  is  dependent  on  the  waves  excited  in  an  interve* 
ning  imponderable  medium.  Agreeably  to  your  electro-polar 
hypothesis,  the  inductive  efficacy  of  an  electrified  body  in  an 
exhausted  sphere  would  be  due  to  a  derangement  of  electric 
equilibrium,  by  which  an  opposite  electric  state  would  be  pro- 
duced at  the  surface  of  the  containing  sphere  from  that  at  the 
centre  (26,  27).  This  case  you  consider  as  one  of  extraordi- 
nary induction;  but  when  air  is  admitted  into  the  hollow 
sphere,  or  when  concentric  spheres  are  interposed,  you  hold 
it  to  be  a  case  of  ordinary  induction.  Let  us  then,  in  the 
case  of  the  luminous  body,  imagine  that  concentric  spheres  of 
glass  are  interposed,  of  which  the  surfaces  are  roughened  bv 
grinding.  In  consequence  of  the  roughness  thus  produced, 
the  rays,  instead  of  proceeding  in  radii  from  the  central  ball, 
wQuld  be  so  refracted  as  to  cross  each  other.  Of  the  two 
instances  of  illumination,  thus  imagined,  would  the  one  be 
described  as  ordinai-y^  the  other  as  extraordinary  radiation  ? 
But  if  these  epithets  are  not  to  be  applied  to  radiation,  where- 
fore, under  analogous  circumstances,  are  they  applicable  to 
induction?  Wherefore  is  induction,  when  acting  through  a 
plenum,  to  be  called  ordinary,  and  yet,  when  acting  through 
a  vacuum,  to  be  called  extraordinary?  In  the  well-known 
case  of  the  refracting  power  of  Iceland  spar,  light  undergoes 
an  ordinary  and  extraordinary  refraction  \  not  an  ordinary 
and  extraordinary  radiation.  The  candle,  of  which,  when 
viewed  through  the  spar,  two  images  are  seen,  does  not  radi' 
ate  ordinarily  and  extraordinarily. 

51.  If  there  be  occasionally,  as  you  allege  (21),  large  inter- 
vals between  the  particles  of  radiant  heat,  how  can  the  distances 
between  them  resemble  those  existing  between  particles  acting 
at  distances,  which  are  not  sensible?  The  repulsive  reaction 
between  the  particles  of  radiant  caloric,  as  described  by  you 
(21),  resembles  that  which  I  have  supposed  to  exist  between 
those  of  electricity ;  but  I  cannot  conceive  of  any  description 
less  suitable  for  either,  than  that  of  particles  which  do  not  act 
at  sensible  distances. 

52.  Aware  that.the  materiality  of  heat,  and  the  Newtonian 
theory,  which  ascribes  radiation  to  the  projection  of  heat  or 
light-producing  particles,  have  been  questioned,  I  should  not 
have  appealed  to  a  doctrine  which  assumes  both  the  materi- 
ality of  heat  and  the  truth  of  the  Newtonian  theory,  had  not 
you  led  the  way ;  but,  agreeably  to  the  doctrine  and  theory 
alluded   to,   I   cannot  accord  with   you  in  perceiving  any 
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sen  the  processes  of  conductioD  and  i 

tly  with  the  hypothesis  that  electrici^  h 
shown  that  an  enormous  quantity  of  it 
To  me  it  seems  equally  evident  that,  a 
that  heat  is  material,  there  must  exist  in  o 
f  great  quantity  of  caloric.  The  intens< 
vires  are  deflagrated  by  an  electrical  disci 
ie  be  consistently  accounted  for.  Agre 
1,  every  metallic  particle  in  any  metaliic 
ided  by  an  atmosphere  of  caloric ;  sini 
isions,  consequent  to  variations  of  temper 
[plained  by  corresponding  variations  ii 
ric  imbibed,  and  in  the  consequent  deni 
lospheres  existing  in  the  mass  which  u 
ges*. 

Dg  the  constitution  of  expansible  bodies  i 
^thesis  in  question,  it  seems  to  me  that  th( 
caloric  is  propagated  through  them  by  cc 
extremely  different  from  that  by  whicli 
m  one  part  of  space  to  another  by  radi 
,  the  calorific  particle  flies  like  a  bulle 
in,  but  with  an  inconceivably  greater  vel 
isibly  retarded  by  the  reflecting  or  refr 
irvening  transparent  media :  in  the  othei 

anguage  which  I  have  held  respecting  the  const 
I,  during  the  last  twenty  years, 
of  matter,  whether  solid,  liquid,  or  aeriform,  by 
ire,  may  be  thus  explained : — 
u  the  temperature  within  any  space  is  raised,  tb( 
the  vicinity  of  the  particles  of  any  mass  container 
caloric  in  the  vicinity  of  the  particles,  the  mor 
them ;  and  in  proportion  to  the  quantity  of  caloi 
f  be  actuated  by  that  reciprocally  repellent  power^ 
s  intensity,  regulates  their  distance  from  each  oti 
some  analogy  between  the  mode  in  which  each  ] 
mded  by  the  caloric  which  it  attracts,  and  that  ii 
nded  by  the  atmosphere;  and  as  in  the  latter  < 
fner,  the  density  is  inversely  as  the  square  of  the  d 
which  the  atmospheric  pressure  does  not  exceed 
b,  suppose  it  to  be  doubled,  and  supported  at  ^ 
y  a  supply  of  air  from  some  remote  region ;  i 
iensation  would  ensue  in  all  the  inferior  strata 
the  pressure  would  be  doubled  throughout,  so  aj 
trial  surface  30  pounds  instead  of  the  present  f 
it  the  pressure  at  the  point  from  which  the  change 
lid  not  exceed  two  grains  per  square  inch. 
',  it  may  be  presumed  that  the  atmospheres  of 
lantity  and  density  about  their  respective  atom 
he  calorific  tension  of  the  external  medium." 
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must  be  slpwly  imparted  from  one  calorific  atmosphere  to 
lotber,  until  the  repulsion,  sustained  on  all  sides,  is  in  equi- 
i>rlo.  It  is  in  this  way  that  I  have  always  explained  the  fact 
lat  metals  are  bad  radiators,  while  good  reflectors*. 

BS.  In  paragraph  25  you  allege  that  conduction  of  heat 
iffers  from  electrical  induction,  because  it  passes  by  a  very 
ow  process ;  while  induction  is,  in  its  distant  influence,  si- 
iultaneous  with  its  force  at  the  place  of  action.  How  then 
in  the  passage  of  heat  by  conduction  be  ^^  a  process  precisely 
ke  that  of  radiation"  (21),  which  resembles  induction  in  the 
ilocity  with  which  its  influence  reaches  objects,  however 
smote? 

56.  Although  (21)  you  appeal  to  the  *^  modern  views  re- 
jecting radiation  and  conduction  of  heat,"  in  order  to  illus- 
ate  your  conception  of  the  contiguity  of  the  particles  of 
xlies  subjected  to  induction,  yet  (in  25)  you  object  to  the 
ference  which  I  had  made  to  the  same  views,  in  order  to 
low  that  the  intensity  of  electro-polarization  could  not  be 
versely  as  the  number  of  the  polarized  particles,  interposed 
^ween  the  ^^inductric"  surfaces.  Let  us  then  resort  to  the 
ise  above  suggested,  of  the  influence  of  the  surfaces  of  the 

*  1  will  here  quote  the  rationale  which  has  been  given  in  my  lectures 
r  the  last  twenty  years : — 

"  Metals  appear  to  consist  of  particles  so  united  with  each  other,  or  with 
loric,  as  to  leave  no  pores  through  which  radiant  caloric  can  be  projected. 
Knee  the  only  portion  of  any  metallic  mass  which  can  yield  up  its  rays 
radiation,  is  the  external  stratum. 

"  On  the  other  hand,  from  its  porosity,  and  probably  from  its  not  retain- 
l  caloric  within  its  pores  tenaciously  as  an  ingredient  in  its  composition, 
arcoal  opposes  but  little  obstruction  to  the  passage  of  that  subtile  prin- 
»ie,  when  in  the  radiant  form ;  and  hence  its  particles  may  all  be  simuU 
leously  engaged  in  radiating  any  excess  of  tnis  principle  with  which  a 
(ble  affinity  may  have  caused  them  to  be  transiently  united,  or  in  receiv- 
l  the  rays  emitted  by  any  heated  body,  to  the  emanations  from  which 
iy  may  have  been  exposed. 

"We  may  account  in  like  manner  for  the  great  radiating  power  of 
rthenware  and  wood. 

^*  For  the  same  reason  that  calorific  rays  cannot  be  projected  from  the 
erior  of  a  metal,  they  cannot  enter  it  when  projected  against  it  from 
:hout.  On  the  contrary,  they  are  repelled  with  such  force  as  to  be  re- 
[Tted  without  any  perceptible  diminution  of  velocity.  Hence  the  pre- 
linence  of  metallic  reflectors. 

'*  It  would  seem  as  if  the  calorific  particles  which  are  condensed  between 
>se  of  the  metal,  repel  anv  other  particles  of  their  own  nature  which  may 
liate  towards  the  metallic  superficies,  before  actual  contact  ensues; 
lerwise,  on  account  of  mechanical  imperfection,  easily  discernible  with 
;  aid  of  a  microscope,  mirrors  would  not  be  as  efficacious  as  they  are 
ind  to  be  in  concentrating  radiant  heat.  Their  influence,  in  this  respect, 
^ms  to  result  from  the  excellence  of  their  general  contour,  and  is  not 
>portionably  impaired  by  blemishes." 
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poles  of  a  magnet  upon  intervening  pieces  of  iron  wire. 
1679)  14th  series,  you  suggest  this  as  an  analogous  ct 
that  of  the  process  of  ordinary  electrical  induction,  whic 
have  under  consideration.  Should  there  be  in  the  one 
a  thousand  pieces  of  wire  interposed,  in  the  second,  a  hun 
will  it  be  pretended  that  the  intensity  of  their  reciproa 
ductive  reaction  would  be  inversely  as  the  number;  sc 
the  effect  of  the  last-mentioned  number  of  wires  wou 
equivalent  to  that  of  the  first  ?  Were  Intervals  to  be  cr 
between  the  wires,  by  removing  from  among  the  numbei 
mentioned  alternate  wires,  it  would  seem  to  me  tha 
energy  of  their  reciprocal  influence  would  be  diminishec 
only  as  the  number  of  them  might  be  lessened,  but  al 
they  should  consequently  be  rendered  more  remote. 

57.  If,  as  you  suggest,  the  interposition  of  ponderable 
tides  have  any  tendency  to  promote  inductive  influence 
there  must  be  some  number  of  such  particles  by  whici 
effect  will  be  best  attained.  That  number  being  interf 
I  cannot  imagine  how  the  intensity  of  any  electro-po 
thus  created  in  the  intervening  particles,  can,  by  a  dimii 
of  their  number,  acquire  a  proportionable  increase ;  an 
dently  in  no  case  can  the  excitement  in  the  particles  e 
that  of  the  "  inductric"  surfaces,  whence  the  derangem 
electrical  equilibrium  arises. 

68.  The  repulsive  power  of  electricity  being  admittec 
inversely  as  the  squares  of  the  distances,  you  correctly 
that  the  aggregate  influence  of  an  electrified  ball  B,  si 
at  the  centre  of  a  hollow  sphere  C,  will  be  a  constant 
tity,  whatever  may  be  the  diameter  of  C.  This  is  pe 
analogous  to  the  illuminating  influence  of  a  luminous 
situated  at  the  centre  of  a  hollow  sphere,  which  wo 
course  receive  the  whole  of  the  light  emitted,  whatever 
be  its  diameter ;  provided  that  nothing  should  be  intei 
to  intercept  any  portion  of  the  rays.  But  in  order  to  t 
the  objection  which  I  have  advanced,  that  the  diminut 
the  density  of  a  "  dielectric^*  cannot  be  compensated  1 
consequent  increase  of  inductive  intensity,  it  must  be  ^ 
in  the  case  of  several  similar  hollow  spheres,  in  which  \ 
numbers  of  electrified  equidistant  balls  should  exist,  tl 
influence  of  such  balls  upon  each  other,  and  upon  the  si 
of  the  spheres,  would  not  be  directly  as  the  number 
balls,  and  inversely  as  the  size  of  the  containing  s 
Were  gas-lights  substituted  for  the  balls,  it  must  be  c 
that  the  intensity  of  the  light  in  any  one  of  the  spheres 
be  as  the  number  of  lights  which  it  might  contain :  nc 
of  your  illustrations  (8),  above  noticed,  makes  light  au( 
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trical  induction  obey  the  same  law  as  respects  the  influence 
of  distance  upon  the  respective  intensities. 

59.  From  these  considerations,  and  others  above  stated,  I 
infer,  that  if  electrical  induction  were  an  action  of  particles  in 
proximity,  operating  reciprocally  with  forces  varying  in  in- 
tensity with  the  squares  of  the  distances,  their  aggregate 
influence  upon  any  surfaces,  between  which  they  might  be 
situated,  would  be  proportionable  to  their  number ;  and  since 
experience  demonstrates  that  the  inductive  power  is  not  di- 
minished by  the  reduction  of  the  number  of  the  intervening 
particles,  I  conclude  that  it  is  independent  of  any  energy  of 
theirs,  and  proceeds  altogether  from  that  electrical  accumula- 
tion with  which  the  inductive  change  is  admitted  to  originate. 

60.  In  paragraph  31,  you  say,  ^*  that  at  one  time  there  was 
a  distinction  between  heat  and  cold.  At  present  that  theory 
is  done  away  with,  and  the  phsenomena  of  heat  and  cold  are 
referred  to  the  same  class,  and  to  different  degrees  of  the 
same  power." 

61 .  In  reply  to  this  I  beg  leave  to  point  out,  that  although, 
in  ordinary  acceptation,  cold  refers  to  relatively  low  tempe- 
rature, yet  we  all  understand  that  there  might  be  that  perfect 
negation  of  heat,  or  abstraction  of  caloric,  which  may  be  de- 
fined absolute  cold.  I  presume  that,  having  thus  defined 
absolute  cold,  you  would  not  represent  it  as  identical  with 
caloric.  For  my  own  part,  this  would  seem  as  unreasonable 
OS  to  confound  matter  with  nihility. 

62.  Assuming  that  there  is  only  one  electric  fluid,  there 
appears  to  me  to  be  so  far  an  analogy  between  .caloric  and 
electricity,  that  negative  electricity  conveys,  in  the  one  case, 
an  idea  analogous  to  that  which  cold  conveys  in  the  other. 
But  if  the  doctrine  of  Du  Fay  be  admitted^  there  are  two 
kinds  of  electric  matter,  which  are  no  more  to  be  con- 
founded than  an  acid  and  an  alkali.  Let  us,  upon  these  pre- 
mises, subject  to  further  examination  your  argument  (1S30), 
that  insulation  and  conduction  should  be  identified,  "  since 
the  mmnent  we  leave  in  the  smallest  degree  perfection  at  either 
extremity^  we  involve  the  element  of  perfection  at  the  opposite 
efid"  Let  us  suppose  two  remote  portions  of  space,  one  re- 
plete with  pure  vitreous  electricity,  the  other  with  pure  resin* 
ous.  Let  there  be  a  series  of  like  spaces,  containing  the  resin- 
ous and  vitreous  electricities  in  as  many  different  varieties  of 
admixture,  so  that  in  passing  from  one  of  the  first-mentioned 
spaces,  through  the  series  to  the  other,  as  soon  as  we  should 
cease  to  be  exposed  to  the  vitreous  fluid,  in  perfect  purity,  we 
should  begin  to  be  exposed  minutely  to  the  resinous ;  or  that, 
in  passing  from  the  purely  resinous  atmosphere,  we  should 
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begin  to  be  exposed  to  a  minute  portion  of  the  vitreous 
would  this  be  a  sufficient  reason  for  confounding  tfa 
fluids,  and  treating  the  phaenomena  to  which  they  give 
the  effect  of  one  only  ? 

63.  But  the  discussion  into  which  your  illustration! 
led  me  refers  to  things,  whereas  conduction  and  insulati 
I  understand  them,  are  opposite  and  incompatible  prop 
so  that,  inasmuch  as  either  prevails,  the  other  must  be 
teracted.  Conduction  conveys  to  my  mind  the  idea  c 
meability  to  the  electric  fluid,  insulation  that  of  impermea 
and  I  am  unable  to  understand  how  these  irreconcilabh 
perties  can  be  produced  by  a  difference  of  degree  in  an 
property  of  electrics  and  conductors. 

64.  If,  as  you  infer,  glass  have,  comparatively  with  n 
an  almost  infinitely  minute  degree  of  the  conducting  p 
is  it  this  power  which  enables  it  to  prevent  conduction, 
other  words,  to  insulate  ?  Let  it  be  granted  that  you 
correctly  supposed  conduction  to  comprise  both  inductic 
discharge,  the  one  following  the  other  in  perfect  cond 
within  an  inexpressibly  brief  interval :  insulation  does  nc 
vent  induction,  but,  so  far  as  it  goes,  prevents  discharge 
practice,  this  part  of  the  process  of  conduction  does  nc 
place  through  glass  during  any  time  ordinarily  allotted 
experiments,  however  correct  you  may  have  been  in  sup| 
it  to  have  ensued  before  the  expiration  of  a  year  or  m( 
the  case  of  the  tubes  which  you  had  sealed  after  chf 
them.  But  conceding  it  to  have  been  thus  proved,  that 
has,  comparatively  with  metals,  an  infinitely  small  deg 
the  conducting  power,  is  it  this  minute  degree  of  condi 
power  which  enables  it  to  prevent  conduction,  or,  in 
words,  to  insulate  ? 

65.  Induction  arises  from  one  or  more  properties  of 
tricity,  insulation  from  a  property  of  ponderable  matter 
although  there  be  no  matter  capable  of  preventing  indu 
as  well  as  discharge,  were  there  such  a  matter,  wouk 
annihilate  insulation  ?  On  the  contrary,  would  it  not  e: 
the  property  in  the  highest  perfection  ? 

Sh.  As  respects  the  residual  charge  of  a  battery,  is 
evident  that  any  electrical  change  which  affects  the  surfi 
the  glass,  must  produce  a  corresponding  effect  upon  the 
tum  of  air  in  contact  with  the  coating  of  the  glass  ? 
place  one  coating  between  two  panes,  will  it  not  enable 
a  certain  extent,  to  charge  or  discharge  both?     Substil 
the  air  for  one  of  them,  will  it  not  in  some  measure  be 
to  an  affection  similar  to  that  of  the  vitreous  suiface,  for  \ 
it  is  substituted?    In  the  well-known  process  of  the  coi 
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ing  electrometer,  the  plate  of  air  interposed  between  the 
I9  I  believe,  universally  admitted  to  perform  the  part 
lectric,  and  to  be  equivalent  in  its  properties  to  the  gli 
.  coated  pane. 

67.  When  I  adverted  to  a  gradual  relinquishment  of 
ricity  by  the  air  to  the  glass,  I  did  not  mean  to  suggesi 
t  was  attended  by  any  more  delay  than  the  case  actual! 
nonstrates.  It  might  be  slow  or  gradual,  compared  wit 
elocity  of  an  electric  discharge,  and  yet  be  extremely 
omparatively  with  any  velocity  ever  produced  in  pondc 
natter.  That  the  return  should  be  slow  when  no  cc 
iras  employed,  and  yet  quick  when  it  was  employed,  as  s 
)y  you  (38),  is  precisely  what  I  should  have  expected,  be 
he  coating  only  operates  to  remove  all  obstruction  t 
lectric  equilibrium.  The  quantity  or  intensity  of  the  e: 
oent  is  dependent  altogether  upon  the  electrified  surfai 
be  air  and  the  glass.     You  have  cited  (1632)  the  prope 

charged  Leyden  jar,  as  usually  accoutred,  of  electrif)i 
arrier  ball.  This  I  think  sanctions  the  existence  of  a  [ 
o  electrify,  by  convection,  the  surrounding  air  to  a  greal 
3SS  depth;  since  it  must  be  evident  that  every  aerial  pa 
aust  be  competent  to  perform  the  part  of  the  carrier  be 

68.  Agreeably  to  the  Franklinian  doctrine,  the  elect 
lirectly  accumulated  upon  one  side  of  a  pane  repels  that 
he  other  side.  You  admit  that  this  would  take  place  y 
acuum  to  intervene ;  but  when  ponderable  matter  is 
»osed  you  conceive  each  particle  to  act  as  does  the  bo( 
^ben  situated  as  described  between  A  and  C  (4).  But  a 
biy  to  the  view  which  I  have  taken,  and  what  I  under 
o  be  your  own  exposition  of  the  case,  B  is  altogether  pa 
o  that  it  cannot  help,  if  it  does  not  impede,  the  repi 
afluence.  Moreover,  it  must  be  quite  evident,  that  w( 
emoved,  and  A  approximated  to  C,  without  attaininj 
triking  distance,  the  effect  upon  C,  and  the  consequent  ei 
if  any  discharge  upon  it  from  A,  would  be  greater  inste 
sss.  If,  in  the  charge  of  a  coated  pane,  the  intermi 
onderable  vitreous  particles  have  any  tendency  to  enl 
be  charge,  how  happens  it  that,  the  power  of  the  ma 
mployed  being  the  same,  the  intensity  of  the  charge  y 
an  be  given  to  an  electric  is  greater  in  proportion 
enuity  ? 

69.  In  reference  to  the  direction  of  any  discharge,  it  ap 
D  me  that  as,  in  charging,  the  fluid  must  always  pass  fro 
athode  to  the  anode,  so  in  reversing  the  process  it  must 
ue  the  opposite  course  of  going  from  the  anode  back  1 
athode.    Evidently  the  circumvolutions  of  the  circuit  1 
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unimportant  as  respects  a  correct  idea  of  the  direction,  as 
their  length  has  been  shown  by  Wheatstone  to  be  incompe- 
tent to  produce  any  perceptible  delay. 

70.  The  dissipation  of  conductors  being  one  of  the  most 
prominent  among  electrical  phaenomena,  it  appears  to  me  to 
be  an  objection  to  your  theory,  if,  while  it  fails  to  suggest  any 
process  by  which  this  phsBnomenon  is  produced,  it  assumes 
premises  which  seem  to  be  incompatible  with  the  generation 
of  any  explosive  power.  If  discharge  only  involves  the  resto- 
ration of  polarized  ponderable  particles  to  their  natural  state, 
the  potency  of  the  discharge  must  be  proportionable  to  the 
intensity  of  the  antecedent  polarity;  yet  it  is  through  con- 
ductors liable,  as  you  allege,  to  polarization  of  comparatively 
low  intensity  (31)  that  discharge  takes  place  with  the  highest 
degree  of  explosive  violence. 

71.  Having  inquired  how  your  allegation  could  be  true, 
that  discharge  brings  bodies  to  their  natural  state,  and  yet 
causes  conductors  to  be  dissipated,  you  reply  (34),  that  dif- 
ferent effects  may  result  from  the  same  cause,  acting  with 
different  degrees  of  intensity,  as  when  by  one  degree  of  heat 
ice  is  converted  into  water,  by  another  into  steam.  But  it 
may  be  urged,  that  although,  in  the  case  thus  cited,  different 
effects  are  produced,  yet  that  the  one  is  not  inconsistent  with 
the  other,  as  were  those  ascribed  to  electrical  discharges.  It 
is  quite  consistent  that  the  protoxide  of  hydrogen,  which,  per 
56',  constitutes  the  solid  called  ice,  should,  by  one  degree  of 
calorific  repulsion,  have  the  cohesion  of  its  particles  so  far 
counteracted  as  to  be  productive  of  fusion ;  and  yet  that  a 
higher  degree  of  the  same  power  should  cause  them  to  recede 
from  each  other,  so  as  to  exist  in  the  aeriform  state. 

72.  In  order  to  found,  upon  the  influence  of  various  tempe- 
ratures, a  good  objection  to  my  argument,  it  should  be  shown 
that  while  a  certain  reduction  of  temperature  enables  aqueous 
particles  to  indulge  their  innate  propensity  to  consolidation, 
a  still  further  reduction  will  cause  them,  in  direct  opposition 
to  that  propensity,  to  repel  each  other  so  as  to  form  steam. 

73.  In  your  concluding  paragraph  you  allege,  ^Uhal  trhen 
ponderable  particles  interveiie^  during  the  process  of  dynamic 
itiduction^  the  currents  resulting  from  this  source  do  require 
these  parlichs"  I  presume  this  allegation  is  to  be  explained 
by  the  conjecture  made  by  you  (1729),  that  since  certain 
bodies,  when  interposed,  did  not  interfere  with  dynamic  in- 
duction, therefore  they  might  be  inferred  to  cooperate  in  the 
transmission  of  that  species  of  inductive  influence.  But  if  the 
induction  takes  place  without  the  ponderable  matter,  is  it  right 
to  assume  that  this  matter  aidsj  because  it  does  not  prevent 
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le  effect?  Might  it  not  be  as  reasonably  inferred,  in  the  case 
r  light,  that,  although  its  transmission  does  not  require  the 
iterposition  of  a  pane  of  glass,  yet,  that  when  such  a  pane  h 
iterposed,  since  the  light  is  not  intercepted,  there  is  reason 
>  suppose  an  active  cooperation  of  the  vitreous  particles  in 
id  of  the  radiation  ?  It  may  be  expedient  here  to  advert  to 
le  fact,  that  Prof.  Henry  has  found  a  metallic  plate  to  inter- 
jre  with  the  dynamic  induction  of  one  flat  helix  upon  another, 
have  myself  been  witness  of  this  result. 

74.  Does  not  magnetic  or  electro-dynamic  induction  take 
lace  as  well  in  vacno  as  in  pleno  ?  Has  the  presence  of  any 
as  been  found  to  promote  or  retard  that  species  of  reaction  ? 
t  appears  that,  agreeably  to  your  experiments,  ponderable 
odies,  when  made  to  intervene,  did  not  enhance  the  influence 
1  question,  while  in  some  of  those  performed  by  Henry  it 
^as  intercepted  by  them.  Does  it  not  follow  that  ponderable 
articles  may  impede,  but  cannot  assist  in  this  process? 

75.  I  am  nappy  to  find  that,  among  the  opinions  which  I 
xpressed  in  my  letter  to  you,  althougn  there  are  several  in 
rhich  you  do  not  concur,  there  are  some  which  you  esteem 
f  importance,  though  you  do  not  consider  yourself  justified 
1  extenditig  to  them  your  sanction,  being  constrained,  in  the 
resent  state  of  human  knowledge,  to  hold  your  judgment  in 
uspense.  For  the  present  I  shall  here  take  leave  of  this  sub- 
let, having  already  so  extended  my  letter  as  to  occupy  too 
inch  of  your  valuable  time.  I  am  aware  that  as  yet  I  have 
ot  sufficiently  studied  many  of  the  intricate  results  of  your 
agacity,  ingenuity  and  consummate  skill  in  experimental  in- 
estigations.  When  I  shall  have  time  to  make  them  the  sub- 
let of  the  careful  consideration  which  they  merit,  I  may  ven- 
Lire  to  subject  your  patience  to  some  further  trials. 

Philadelphia,  Jan.  1,  1841.  2^.  2i^ 

^X  X  V.  On  the  Principles  of  the  Application  of  Analysis  to  t  he 
Motion  of  Fluids.  By  the  Rev.  J.  Challts,  M.A.^  Plumian 
Professor  of  Astronomy  and  Experimental  Philosophy  in  the 
University  of  Cambridge^. 

C^OR  the  sake  of  simplicity,  the  following  remarks  will  be 
^  restricted  to  the  motion  of  an  incompressible  fluid: 
hey  may  without  difficulty  be  extended  to  fluid  motion  in 
;eneral. 

It  is  well  known  tliat  one  of  the  fundamental  equations  of 
luid  motion  is  obtained  on  the  principle  that  the  mass  of  each 
mall  element  remains  the  same  while  its  position  and  form 
♦  Communicated  by  the  Author. 


Digitized 


by  Google 


Digitized 


by  Google 


Application  of  Analysis  to  the  Motion  of  Fluids.      479 

fluid  passes  the  two  areas  at  the  same  time.  On  this  prin- 
ple  I  have  obtained  the  equation  (A.)  in  the  Cambridge 
bilosophical  Transactions  (vol.  v.  part  ii.  p.  182).  The 
athematical  reasoning  is  too  long  to  be  inserted.  I  have 
cently  obtained  the  corresponding  equation  for  compressible 
lids  by  a  similar  process. 

The  above  method  of  obtaining  the  equation  (A.)  has  the 
Ivantage  of  making  known  the  condition  that  is  introduced 
len  udx'{-vdy-\'Wdz  is  assumed  to  be  an  exact  diife- 
ntial  of  a  function  of  x,  y^  and  z.  For  if  V  be  the  velocity 
the  point  xy  z  distant  by  r  from  a  focal  line,  and  d,  i}  be 
o  angles  fixing  the  direction  of  the  normal  through  that 
>int,  we  may  put  V  =  /  (^,  ij)  x  <f  (r),  the  latter  factor  ex- 
essing  the  law  of  the  variation  of  V  at  a  given  instant 
rough  a  small  space  resulting  from  the  convergence  or  di- 
rgence  of  the  normals.  Hence  if  «,  /3,  7  be  the  coordi- 
ites  of  the  intersection  of  the  normal  with  the  focal  line,  we 
all  have 


=/(^,ii).*W 


J?— a 


v=f{0,y^).^{r).^-^ 


=  f{e,ri).^{r) 


;  and  udx  +  vdy  +  v>dz 


f{0,n)'<i> 


w{ 


Jf— a 


dx 


*  i=^iy^ 


}• 


y 

Now  since  r*  =  {x—cif  +  (^— /3)*  +  (2?— y)%  the  above 
lantity  is  an  exact  differential  of  a  function  of  jr,  y^  and  «, 
«>  l3>  V>  ^»  ^"^  ^  ^^  constant ;  that  is,  if  the  variation  with 
spect  to  space  be  in  the  direction  of  the  motion.  This  condi- 
mj  which  has  hitherto  been  unnoticed,  is  independent  of  the 
irticular  mode  in  which  the  fluid  is  disturbed,  and  being 
troduced  when  d^  is  substituted 'for  udx  -}■  vdy  -\-  ivdz. 
List  be  attended  to  in  all  the  subsequent  calculations  in 
lich  ^  is  involved. 

The  preceding  reasoning  fails  if  the  lines  of  motion  be  not 
nvergeut,  or  the  motion  be  such  as  the  fluid  might  take  if 
were  either  wholly  solid,  or  consisted  of  solid  disconnected 
irts:  for  instance,  when  the  fluid  mass  revolves  about  a  fixed 
;is  and  the  velocity  is  a  function  of  the  distance  from  the 
;is.  In  fact,  for  this  instance,  udx  -^  vdy  '\-  wdz  is  not 
I  exact  differential. 

As  it  appears  from  the  above  reasoning  that,  in  general,  at 
e  same  time  that  the  equation  (A.)  is  transformed  into  one 
nsisting  of  partial  differential  coefficients  of  a  principal  va- 
ible,  the  condition  is  introduced,  that  the  variation  with  re- 
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spect  to  space  is  in  the  direction  of  the  motion,  it  follows  that 
the  transformed  equation  and  its  integral  containing  arbitrary 
functions  must  be  immediately  applied  to  the  parts  of  Ute 
fluid  disturbed  in  a  given  and  arbitrary  manner,  and  where^ 
consequently,  the  direction  of  the  motion  is  known.  The  ve- 
locity, and  direction  of  the  velocity,  at  other  parts  are  to  be 
inferred  from  the  laws  of  propagation  of  the  motion  and 
variation  of  the  velocity  which  the  integration  reveals. 

Admitting  the  extension  of  the  foregoing  considerations  to 
a  compressible  fluid,  the  following  is  the  manner  in  which  the 
problem  of  the  resistance  to  a  vibrating  sphere  requires,  on 
these  principles,  to  be  treated.  The  general  equation  in  rect- 
angular coordinates,  viz. 

rf/«  "  "*  •  \dx^  ^  df  '^  dz^y 

is  first  to  be  transformed  into  polar  coordinates,  having  the 
centre  of  the  vibrating  sphere  for  the  pole.  The  polar  co» 
ordinates  being  r  the  distance  of  the  point  x  y  z  from  the  cen- 
tre of  the  sphere,  0  the  angle  which  r  makes  with  the  straight 
line  in  which  the  centre  is  moving,  and  ij  the  angle  which  the 
plane  of  these  two  lines  makes  with  a  vertical  plane,  r^ard 
also  being  had  to  the  motion  of  the  sphere,  the  transformation, 
effected  in  the  manner  adopted  by  Poisson  in  Art.  2  of  his 
Memoir  in  the  Connaissance  des  Terns  for  1834,  leads  to  the 
equation 

de 


which  is  independent  of  the  motion  of  the  sphere.  If  now 
the  reasoning  be  just  by  which  I  have  argued,  that  into  this 
equation  must  be  introduced  the  condition,  that  the  variation 
with  respect  to  space  be  in  the  direction  in  which  the  velocity 
is  impressed,  it  will  plainly  reduce  itself  to 

d^.r(^  —     «    ^^I^ 
dt'     ""  "*  •    dr^' 

in  which,  from  what  has  been  already  said,  ^  may  contain  as 
a  factor  an  arbitrary  function  of  0  and  i}.  This  is  the  equa- 
tion 1  have  employed  in  the  solution  I  have  given  of  the  pro- 
blem in  the  Number  of  this  Journal  for  December  1840,  and 
by  it  I  have  been  conducted  to  the  value  2  for  the  coefficient 
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of  resistance.  I  find  also  that  the  part  of  the  velocity  directed 
to  or  from  the  centre  of  the  sphere  varies  inversely  as  the 
square  of  the  distance,  and  that  in  a  plane  drawn  at  any  in- 
stant through  the  centre  of  the  sphere  perpendicular  to  the 
direction  of  its  motion,  the  fluid  is  stationary.  Poisson,  by 
integrating  the  equation  with  the  term  containing  the  diffe- 
rential coefficient  with  respect  to  6  included,  finds  the  coeffi- 
cient of  resistance  to  be  I  ^,  the  law  of  variation  of  the  velocity 
to  be  inversely  as  the  cube  of  the  distance,  and  the  velocity  of 
the  fluid  in  the  above-mentioned  plane  and  in  contact  with 
the  sphere,  to  be  halfi\\^  velocity  of  the  sphere.  With  these 
statements  I  leave  the  problem  to  the  consideration  of  mathe- 
maticians, not  venturing,  in  a  question  of  so  much  difficulty,  to 
assert  unhesitatingly  the  correctness  of  my  own  views. 

As  an  objection  may  be  raised  against  the  reasoning  in  my 
communication  in  the  December  Number,  because  it  takes 
account  only  of  terms  involving  the  first  power  of  the  velocity, 

♦• 
which,  by  reason  of  the  small  factor  — ,  may  not  be  of  larger 

A 

magnitude  than  rejected  terms  involving  the  square  of  the 
velocity,  I  take  this  opportunity  of  mentioning  that,  in  a  paper 
submitted  to  the  Cambridge  Philosophical  Society,  I  have 
carried  the  approximation  to  the  next  degree,  and,  as  might 
have  been  anticipated,  I  obtain  the  former  result,  the  pressure 
depending  on  the  square  of  the  velociur  being  the  same  on  the 
preceding  as  on  the  following  half  of*^  the  surface  of  the  vi- 
brating sphere.  In  the  same  paper  I  have  attempted  to  give 
an  answer  to  the  query  proposed  at  the  end  of  the  above- 
mentioned  communication,  respecting  the  motion  of  a  small 
sphere  submjlled  to  the  mechanical  action  of  the  vibrations  of 
an  elastic  medium.  I  find  that  there  will  be  a  motion  of  vi- 
bration of  the  sphere  depending  on  the  first  power  of  the  ve- 
locity of  the  vibrating  medium,  and  a  permanent  motion  of 
translation  depending  on  the  second  power.  This  result  is 
important  if  it  serves  to  explain  how  the  vibrations  of  the 
aether  (assuming  them  to  be  like  those  of  air)  may  at  the  same 
time  produce  two  different  effects,  such  as  light  and  heat,  or 
light  and  chemical  action. 

Cambridge  Observatory,  April  13,  1841. 
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LXXVI.  Contributions  to  Electricity  and  Magnetism.  No.  IV. 
On  Electro-dynamic  Induction.  {Continued.)  By  Joseph 
Henry,  LL.D.,  Professor  of  Natural  Philosophy  in  tie 
College  of  New  Jersey^  PiHnceton*. 

Introduction. 
1.  TN  the  course  of  my  last  paper,  it  was  stated  that  the 
^  investigations  which  it  detailed  were  not  as  complete 
in  some  parts  as  I  could  wish,  and  that  I  hoped  to  deve]q)e 
them  more  fully  in  another  communication*  After  consider- 
able delay,  occasioned  by  alterations  in  the  rooms  of  the  phy- 
sical department  of  the  college,  I  was  enabled  to  resume  my 
researches,  and  since  then  I  nave  been  so  fortunate  as  to  dis- 
cover a  series  of  new  facts  belonging  to  different  parts  of  the 
general  subject  of  my  contributions.  These  I  have  announced 
to  the  Society  at  different  times,  as  they  were  discovered  ;  and 
I  now  purpose  to  select  from  the  whole  such  portions  as  re- 
late particularly  to  the  principal  subject  of  my  last  paper, 
namely,  the  induction  at  the  beginning  and  ending  of  a  gal- 
vanic current,  and  to  present  them  as  a  continuation,  and,  in 
a  measure,  as  the  completion,  of  this  part  of  my  researches. 
The  other  results  of  my  labours  in  this  line  will  be  arranged 
for  publication  as  soon  as  my  duties  will  permit  me  to  give 
them  a  more  careful  examination. 

2.  In  the  course  of  the  experiments  I  am  about  to  describe, 
I  have  had  occasion  to  repeat  and  vary  those  given  in  my  last 
paper;  and  I  am  happy  to  be  able  to  state,  in  reference  to  the 
results,  that,  except  in  some  minor  particulars,  which  will  be 
mentioned  in  the  course  of  this  paper,  I  have  found  no  cause  to 
desire  a  change  in  the  accounts  before  published.  My  views, 
however,  of  tne  connexion  of  the  phsenomena  have  been  con- 
siderably modified,  and  I  think  rendered  much  more  definite 
by  the  additional  light  which  the  new  facts  have  afforded. 

3.  The  principal  articles  of  apparatus  used  in  these  experi- 
ments are  nearly  the  same  as  those  described  in  my  last  paper, 
namely,  several  flat  coils  and  a  number  of  long  wire  helices 
(III.  6,  7,  8.f ).  I  have,  however,  added  to  these  a  constant 
battery,  on  Professor  Daniell's  plan,  the  performance  of  which 
has  fully  answered  my  expectations,  and  confirmed  the  ac^ 
counts  given  of  this  form  of  the  instrument  by  its  author.  It 
consists  of  thirty  elements  formed  of  as  many  copF>er  cylin- 
ders, open  at  the  bottom,  each  five  inches  and  a  half  in  height, 
three  inches  and  a  half  in  diameter,  and  placed  in  earuen 

*  From  the  Transactions  of  the  American  Philosophical  Society,  vol.  viii., 
having l>een  readJune  19,  1840. 

t  When  the  numerals  If.  or  III.  are  inchuled  in  the  parenthesis,  refer- 
ence is  made  to  the  corresponding  Nos.  of  my  contributions. 
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cups.  A  zinc  rod  is  suspended  in  each  of  these,  of  the  same 
length  as  the  cylinders,  and  about  one  inch  in  diameter.  The 
several  elements  are  connected  by  a  thick  copper  wire,  sol- 
dered to  the  copper  cylinder  of  one  element,  and  dipping 
into  a  cup  of  mercury  on  the  zinc  of  the  next.  The  copper 
and  zinc,  as  usual,  are  separated  by  a  membrane,  on  both  sides 
of  which  is  placed  a  solution  of  one  part  of  sulphuric  acid  in 
ten  parts  of  water ;  and  to  this  is  added,  on  the  side  next  the 
copper,  as  much  sulphate  of  copper  as  will  saturate  the  solu- 
tion. The  battery  was  sometimes  used  as  a  single  series,  with 
all  its  elements  placed  consecutively,  and  at  others  in  two  or 
three  series,  arranged  collaterally,  so  as  to  vary  the  quantity 
and  intensity  of  the  electricity  as  the  occasion  might  require. 

4.  The  galvanometers  mentioned  in  this  paper,  and  re* 
ferred  to  in  the  last,  are  of  two  kinds ;  one,  which  is  used 
with  a  helix,  to  indicate  the  action  of  an  induced  current  of 
intensity,  consists  of  about  five  hundred  turns  of  fine  copper 
wire,  covered  with  cotton  thread,  and  more  eifectualiy  insu- 
lated by  steeping  the  instrument  in  melted  cement,  which  was 
drawn  into  the  spaces  between  the  spires  by  capillary  attrac- 
tion. The  other  galvanometer  is  formed  of  about  forty  turns 
of  a  shorter  and  thicker  wire,  and  is  always  used  to  indicate 
an  induced  current,  of  considerable  quantity,  but  of  feeble  in- 
tensity. The  needle  of  both  these  instruments  is  suspended 
by  a  single  fibre  of  raw  silk. 

5.  I  should  also  state,  that  in  all  cases  where  a  magnetizing 
spiral  is  mentioned  in  connexion  with  a  helix,  the  article  is 
formed  of  a  long,  fine  wire,  making  about  one  hundred  turns 
around  the  axis  of  a  hollow  piece  of  straw,  of  about  two  inches 
and  a  half  long:  also  the  spiral  mentioned  in  connexion  with 
a  coil  is  formed  of  a  short  wire,  which  makes  about  twenty 
turns  around  a  similar  piece  of  straw.  The  reason  of  the  use 
of  the  two  instruments  in  these  two  cases  is  the  same  as  that 
for  the  galvanometers,  under  similar  circumstances ;  namely, 
the  helix  gives  a  current  of  intensity,  but  of  small  quantity, 
while  the  coil  produces  one  of  considerable  quantity,  but  of 
feeble  intensity. 

Section  I. — On  the  Induction  produced  at  the  moment  of  the 
beginning  of  a  Galvanic  Current^  8^c. 

6.  It  will  be  recollected  that  the  arrangement  of  apparatus 
employed  in  my  last  series  of  experiments  gave  a  powerful 
induction  at  the  moment  of  breaking  the  galvanic  circuit,  but 
the  efiect  at  making  the  same  was  so  feeble  as  scarcely  to  be 
perceptible.  I  was  unable  in  any  case  to  get  indications  of 
currents  of  the  third  or  fourth  orders  from  the  beginning  in- 
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dnction,  and  its  action  was  therefore  suppose<I  to  be  so  feeble 
as  not  materially  to  affect  the  results  obtained. 

7.  Subsequent  reflection,  however,  led  me  to  conclude,  that 
in  order  to  complete  this  part  of  my  investigations,  a  more 
careful  study  of  the  induction  at  the  beginning  of  the  current 
would  be  desirable;  and  accordingly,  on  resuming  the  experi- 
ments, my  attention  was  first  directed  to  the  discovery  of 
some  means  by  which  the  intensity  of  this  induction  might  be 
increased.  After  some  preliminary  experiments,  it  appeared 
probable  that  the  desired  result  could  be  obtained  by  using 
a  compound  galvanic  battery,  instead  of  the  single  one  before 
employed.  In  reference  to  this  conjecture  the  constant  bat- 
tery before  mentioned  (3.)  was  constructed,  and  a  series  of 
experiments  instituted' with  it,  the  results  of  which  agreed 
with  my  anticipation. 

8.  In  the  first  experiment,  coil  No.  2,  which  it  will  be  re- 
membered (III.  7.)  consists  of  a  copper  riband  of  about  sixtj' 
feet  long,  and  coiled  on  itself  like  the  main  spring  of  a  watch, 
was  connected  with  the  compound  battery,  and  helix  No.  I 
(III.  8.),  formed  of  one  thousand  six  hundred  and  sixty  yards 
of  fine  copper  wire,  was  placed  on  the  coil  to  receive  the  in- 
duction, as  is  shown  in  Figure  3,  which  is  again  inserted  here 
for  the  convenience  of  the  reader. 


Fig,  3. 


a  represents  coil  No.  1,  b  helix  No.  1,  and  c,  rf,  handles  for  receiving  the 

shock. 

This  arrangement  being  made,  currents  of  increasing  in- 
tensity were  passed  through  the  coil  by  constantly  retaining 
one  of  its  ends  in  the  cup  of  mercury  forming  one  extremity 
of  the  battery,  and  successively  plunging  the  other  end  into 
the  cups  which  served  to  form  the  connexions  of  the  several 
elements  of  the  battery.  With  the  current  from  one  element, 
the  shock  at  breaking  the  circuit  was  quite  severe;  but  at 
making  the  same  it  was  very  feeble,  and  could  be  perceived  in 
the  fingers  only  or  through  the  tongue.  With  two  elements 
in  the  circuit,  the  shock  at  beginning  was  slightly  increased ; 
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with  three  elements  the  increase  was  more  decided,  while  the 
shock  at  breaking  the  circuit  remained  nearly  of  the  same  in- 
tensity as  at  first,  or  was  comparatively  but  little  increased. 
When  the  number  of  elements  was  increased  to  ten^  the  shock 
at  making  contact  was  found  fully  equal  to  that  at  breaking, 
and  by  employing  a  still  greater  number,  the  former  was  de- 
cidedly greater  than  the  latter;  the  diff'erence  continually  in- 
creasing until  all  the  thirty  elements  were  introduced  into  the 
circuit. 

9.  In  my  last  paper,  a  few  experiments  are  mentioned  as 
being  maJe  with  a  compound  battery  of  Cruickshank's  con- 
struction ;  but  from  the  smallness  of  the  plates  of  this,  and 
the  rapidity  with  which  its  power  declined,  I  was  led  into  the 
error  of  supposing  that  the  induction  at  the  ending  of  the 
current,  in  the  case  of  a  short  coil,  was  diminished  by  inoi'eas- 
ing  the  intensity  of  the  battery  (see  paragraph  19.  of  No.  III.) ; 
but  by  employing  the  more  perfect  instrument  of  Professor 
Daniell  in  the  arrangement  of  the  last  experiment,  I  am  en- 
abled to  correct  this  error,  and  to  state  that  the  induction  at 
the  ending  remains  nearly  the  same  when  the  intensity  of  the 
battery  is  increased.  If  the  induction  depends  in  any  degree 
on  the  quantity  of  current  electricity  in  the  conductor,  then  a 
slight  increase  in  the  induction  should  take  place ;  since,  ac- 
cording to  theory,  the  current  is  somewhat  increased  in  quan- 
tity, in  the  case  of  a  long  coil,  bv  the  increase  of  the  intensity 
of  the  battery.  Although  very  little,  if  any,  difference  could 
be  observed  in  the  intensity  of  the  shock  from  the  secondary 
current,  yet  the  snap  and  deflagration  of  the  mercury  appeared 
to  be  greater  from  the  primary  current  when  ten  elements  of 
the  battery  were  included  in  the  circuit,  than  with  a  single 
one.  The  other  results  which  are  mentioned  in  my  last  paper, 
in  reference  to  the  compound  battery,  are,  I  believe,  correctly 
given. 

10.  The  intensities  of  the  different  shocks  in  the  foregoing 
experiments  were  compared  by  gradually  raising  the  helix 
from  the  coil  (see  Fig.  3.),  until,  on  account  of  the  distance  of 
the  conductors,  the  snock  in  one  case  would  be  so  much  re- 
duced as  to  be  scarcely  perceptible  through  the  fingers  or  the 
tongue,  while  the  shock  from  another  arrangement,  but  with 
the  same  distance  of  the  conductors,  would  be  evident,  per- 
haps, in  the  hands.  The  same  method  was  generally  em- 
ployed in  the  experiments  in  which  shocks  are  mentioned  as 
being  compared,  in  the  other  parts  of  this  paper. 

1 1 .  Experiments  were  next  made  to  determine  the  influence 
of  a  variation  in  the  length  of  the  coil,  the  intensity  of  the 
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ttery  remaining  the  same.  For  this  purpose,  the 
nsisting  of  a  single  element,  and  the  arrangement 
iparatus  as  represented  In  Fig.  3,  the  coil  was  dimini 
ngth  from  sixty  feet  to  forty-five,  then  to  thirty,  and 
Ath  the  first-mentioned  length  the  shock,  at  making 
ith  the  battery,  was,  of  course,  very  feeble,  and  couTc 
ily  in  the  tongue ;  with  the  next  snorter  length  it  wt 
srceptible,  and  increased  in  intensity  with  each  din 
'  tlie  coil,  until  a  length  of  about  fifteen  feet  appeared 
maximum  result. 

12.  The  diminution  of  the  intensity  of  the  shock  in 
[periment,  after  the  length  of  the  coil  was  diminishe 
fteen  feet,  was  due  to  the  diminution  of  the  number  < 
:  the  coil,  each  of  which,  by  acting  on  the  helii 
>  increase  the  intensity  of  the  secondary  current,  ur 
>mbined  length  of  the  whole  is  too  great  for  the  ititc 
le  battery.  That  this  is  the  fact  is  shown  by  the  ft 
cperiment :  the  helix  was  placed  on  a  single  spire 

F  the  coil,  and  the  length  of  the  other  part  of  the  co 
and,  which  did  not  act  on  the  helix,  was  continuail 
led,  until  the  whole  of  it  was  excluded  from  the  cin 
lis  case  the  intensity  of  the  shock  at  the  beginning  v 
antly  increased.  We  may  therefore  state  generall 
;  the  beginning  of  the  battery  current,  the  inducti< 
nit  of  its  length  is  increased  by  every  diminution 
ingth  of  the  conductor. 

13.  In  the  experiment  given  in  paragraph  11,  the  i 
r  the  shock  at  the  ending  of  the  battery  current  dii 
ith  each  diminution  of  the  length  of  the  coil ;  an 
[so  due  to  the  decrease  of  the  number  of  the  spire 
>il,  as  is  evident  from  an  experiment  similar  to  the 
hich  the  helix  was  placed  on  a  coil  consisting  of  o 
irns  or  spires  of  copper  riband ;  the  shock  at  the 
ith  this  arrangement,  was  comparatively  feeble,  bi 
e  felt  in  the  hands.  Different  lengths  of  coil  No. 
3w  introduced  into  the  same  circuit,  but  not  so  as  t 
le  helix ;  but  although  these  were  varied  from  foui 
et  to  the  whole  length  of  the  coil  (sixty  feet),  not  t 
ifierence  in  the  intensity  of  the  shock  could  be  pc 
Ve  have,  therefore,  the  remarkable  result^  that  the  i 
r  the  ending  induction  of  each  unit  of  length  of  the 
irrent  is  not  materially  altered,  at  least  within  certaij 
y  changing  the  length  of  the  whole  conductor.  F: 
e  would  infer  that  tne  shock  depends  more  on  the  i 
f  the  action  than  on  tlie  quantity  of  the  current,  t 
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know  that  the  latter  is  diminished  in  a  given  unit  of  the  con- 
ductor by  increasing  the  length  of  the  whole. 

14*  We  have  seen  (8.)  that,  with  a  circuit  composed  often 
elements  of  the  compound  battery  and  the  coil  No.  2,  the 
shock,  at  the  beginning  of  the  current,  was  fully  equal  to 
that  at  the  ending.  It  was,  however,  found,  that  if,  in  this 
case,  the  length  of  the  coil  was  increased,  this  shock  was  di- 
minished ;  and  we  may  state,  as  an  inference  from  several  ex- 
periments, that  however  great  may  be  the  intensity  of  the 
electricity  from  the  battery,  the  shock  at  the  beginning  may 
be  so  reduced,  by  a  sufficient  increase  of  the  length  of  the 
primary  circuit,  as  to  be  scarcely  perceptible. 

15*  it  was  also  found,  that  when  the  thickness  of  the  coil 
was  increased,  the  length  and  intensity  of  the  circuit  remain- 
ing the  same,  the  shock  at  the  beginnmg  of  the  battery  cur- 
rent was  somewhat  increased.  Tnis  result  was  produced  bv 
using  a  double  coil ;  the  electricity  was  made  to  pass  through 
one  strand,  and  immediately  afterwards  through  both:  the 
shock  from  the  helix  in  the  latter  case  was  apparently  the 
greater. 

16.  By  the  foregoing  results  we  are  evidently  furnished 
with  two  methods  of  increasing,  at  pleasure,  the  intensity  of 
the  induction  at  the  beginning  of  a  battery  current ;  the  one 
consisting  in  increasing  the  intensity  of  the  source  of  the  elec- 
tricity, and  the  other  in  diminishing  the  resistance  to  conduc- 
tion of  the  circuit  while  the  intensity  remains  the  same. 

1 7.  The  explanation  of  the  effects  which  we  have  given,  rela- 
tive to  the  induction  at  the  beginning,  is  apparently  not  diffi- 
cult. The  resistance  to  conduction  in  the  case  of  a  long  con- 
ductor and  a  battery  of  a  single  element  is  so  great,  that  the 
full  development  of  the  primary  current  may  be  supposed 
not  to  take  place  with  sufficient  rapidity  to  produce  the  in- 
stantaneous action  on  which  the  shock  from  the  secondary 
current  would  seem  to  depend.  But  when  a  battery  of  a 
number  of  elements  is  employed,  the  poles  of  this,  previous 
to  the  moment  of  completing  the  circuit,  are  in  a  state  of  elec- 
trical tension ;  and  therefore  the  discharge  through  the  con- 
ductor may  be  supposed  to  be  more  sudden,  and  hence  an 
induction  of  more  intensity  is  produced. 

18.  That  the  shock  at  both  making  and  breaking  the  cir- 
cuit in  some  way  depends  on  the  rapidity  of  formation  and 
diminution  of  the  current,  is  shown  by  the  following  experi- 
ment, in  which  the  tension  just  mentioned  does  not  take  place, 
and  in  which,  also,  the  current  appears  to  diminish  more  slowly. 
The  two  ends  of  the  coil  were  placed  in  the  two  cups  which 
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formed  the  poles  of  the  battery,  and  permanently  retainer 
duruig  the  experiment ;  also,  at  the  distance  of  about  six 
from,  say  the  right  hand  end  of  the  coil,  a  loop  was  made 
riband,  which  could  be  plunged  into  the  cup  contain! 
left  hand  end.  With  this  arrangement,  and  while  oi 
two  extreme  ends  of  the  coil  were  in  connexion  with  tl 
of  mercury,  of  course  the  current  passed  through  the 
length  of  the  riband  of  the  coil ;  but  by  plunging  the  lo 
the  lefl  hand  cup,  the  whole  length  of  the  coil,  except 
inches  before  mentioned,  was  excluded  from  the  batt 
cuit.  And  again,  when  the  loop  was  lifted  out  of  the  c 
whole  length  was  included.  In  this  way  tlie  current 
coil  could  be  suddenly  formed  and  interrupted,  wl 
poles  of  the  battery  were  continually  joined  by  a  com 
but  no  shock  with  either  a  single  or  a  compound 
could  be  obtained  by  this  method  of  operation. 

19.  The  feebleness  of  the  shock  at  the  beginning 
current,  with  a  single  battery  and  a  long  coil,  is  not 
owing  to  the  cause  we  have  stated  (17.)>  namely,  the  re 
to  conduction  offered  by  the  long  conductor,  but  ( 
pends,  in  a  considerable  degree,  if  not  principally,  on 
verse  influence  of  the  secondary  current,  induced  in  \ 
mary  conductor  itself,  as  is  shown  by  the  result  of  the 
ing  experiment.  Helix  No.  1.  was  placed  on  a  coil  cc 
of  only  three  spires  or  turns  of  copper  riband ;  with  1 
shock,  both  at  making  and  breaking  the  circuit  with 
batteij,  could  be  felt  in  the  hands.  A  compound 
then  formed  of  the  copper  ribands  of  coils  No.  8.  and  ^ 
together  so  that  the  several  spires  of  the  two  allerna 
each  other,  and  when  this  was  introduced  into  the  c 
as  not  to  act  on  the  helix  by  its  induction,  and  the 
current  passed  through,  for  example,  coil  No.  3,  the  i 
making  contact  with  the  pole  of  the  battery  was  so  n 
duced  as  to  be  imperceptible  in  the  hands,  while  the  : 
breaking  the  contact  was  about  the  same  as  before  tl 
tion  was  made  to  the  length  of  the  circuit.  The  en^ 
No.  4.  were  now  joined  so  as  to  produce  a  closed  cin 
induced  current  in  which  would  neutralize  the  second 
rent  in  the  battery  conductor  itself;  and  now  the  s 
making  the  contact  was  nearly  as  powerful  as  in  i 
where  the  short  conductor  alone  formed  the  circuit 
battery.  Hence,  the  principal  cause  of  the  feeblenej 
effect  at  the  beginning  of  the  battery  current,  is  the 
action  on  the  helix  of  the  secondary  current  produc< 
conductor  of  the  battery  circuit  itself.     The  shod 
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breaking  of  the  circuit,  in  this  experiment,  did  not  appear  af- 
fected by  joining  or  separating  the  ends  of  coil  No.  4. 

20.  Having  investigated  the  conditions  on  which  the  induc- 
tive action  at  the  beginning  of  a  battery  current  depends, 
experiments  were  next  instituted  to  determine  the  nature  of  the 
effects  produced  by  this  induction :  and  first  the  coils  were 
arranged  in  the  manner  described  in  my  last  paper  (III.  79.), 
for  producing  currents  of  the  different  orders.  The  result 
with  this  arrangement  was  similar  to  that  which  I  have  de- 
scribed in  reference  to  the  ending  induction,  namely,  currents 
of  the  third,  fourth,  and  fifth  orders  were  readily  obtained. 

21.  Also,  when  an  arrangement  of  apparatus  was  made  si- 
milar to  that  described  in  paragraph  87  of  my  last  paper,  it 
was  found  that  a  current  of  intensity  could  be  induced  from 
one  of  quantity  and  the  converse. 

22.  Likewise,  the  same  screening  or  rather  neutralizing 
effect  was  produced,  when  a  plate  of  metal  was  interposed 
between  two  consecutive  conductors  of  the  series  of  currents, 
as  was  described  (III.  Section  IV.)  in  reference  to  the  ending 
induction.  In  short,  the  series  of  induced  currents  produced 
at  the  beginning  of  the  primary  current  appeared  to  possess 
all  the  properties  belonging  to  those  of  the  induction  at  the 
ending  of  the  same  current. 

23.  I  may  mention,  in  this  place,  that  I  have  found,  in  the 
coarse  of  these  experiments,  that  the  neutralizing  power  of  a 
plate  of  metal  depends,  in  some  measure,  on  its  superficial 
extent.  Thus  a  broad  plate  which  extends,  in  every  direc- 
tion, beyond  the  helix  aiid  coil,  produces  a  more  perfect 
screening  than  one  of  the  same  metal  and  of  the  same  thick- 
ness, but  of  a  diameter  only  a  little  greater  than  that  of  the  coil. 

24.  The  next  step  in  the  investigation  was  to  determine  the 
direction  of  the  currents  of  the  different  orders  produced  by 
the  beginning  induction,  and  for  this  purpose  the  magnetizing 
spirals  (5.)  were  used,  and  the  results  obtained  by  these  veri- 
fied by  the  indications  of  the  galvanometer.  It  should  be 
stated  here,  as  a  fact  which  was  afterwards  found  of  some  im- 
portance, that  altliough  the  needle  of  the  galvanometer  was 
powerfully  deflected  when  the  instrument  was  placed  in  the 
circuit  of  the  secondary  current,  yet  a  very  feeble  effect  was 
produced  on  it  by  the  action  of  a  current  of  the  third,  fourth, 
or  fifth  order.  The  directions,  however,  of  these  current,  as 
indicated  by  the  feeble  motion  of  the  needle,  were  the  same 
as  those  given  by  the  magnetizing  spiral. 

25.  The  direction  of  the  different  currents  produced  at  the 
making  of  the  battery  current,  as  determined  by  these  instru- 
ments, is  as  follows :   namely,  the  direction  of  "^the  secondary 
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current  is,  as  stated  by  Dr.  Faraday,  adverse  to  that  o: 
primary  current,  and,  also,  the  direction  of  each  succec 
current  is  opposite  to  thai  of  the  one  which  produced  it 
have,  therefore,  from  these  results,  and  those  former!; 
tained  (III.  92.),  the  following  series  of  directions  of  curr 
one  produced  at  the  moment  of  beginning,  and  the  oth 
that  of  ending  of  the  battery  current. 

At  the  beginning,        At  the  end 

Primary  current    .     .     .     .     +         -f 

Secondary  current     ...     —         -f 

Current  of  the  third  order  .    +         — 

Current  of  the  fourth  order    —         ..•.••         + 
Current  of  the  fifth  order    .     +         •         — 

26.  These  two  series,  at  first  sight,  may  appear  verj 
ferent,  but,  with  a  little  attention,  they  will  be  seen  to  I 
the  same  nature.  If  we  allow  that  the  induction  at  the 
ing  of  a  galvanic  battery  should  be  opposite  to  that  at 
beginning  of  the  same,  then  the  sign  at  the  top  of  the  se 
commn  may  be  called  minus  instead  of  plus,  and  we  : 
have  the  second  series  — h  — h  alternating  precisely 
the  first 

27.  In  connexion  with  the  results  given  in  the  last 
paragraphs,  it  is  due  to  Mr.  Sturgeon  that  I  should  state  i 
in  a  Tetter  addressed  to  me,  and  published  in  the  Anna 
Electricity,  he  has  predicted,  from  his  theory,  that  I  w 
find,  on  examination,  the  series  of  alternation  of  current 
the  beginning  induction  which  I  have  here  given.  I  i 
however,  add,  that  it  appears  to  me  that  this  result  m 
have  been  predicted  without  reference  to  any  theory.  T 
was  no  reason  to  suppose  the  induction  at  the  begin 
would  be  different  in  its  nature  from  that  at  the  ending, 
therefore  the  series  which  would  be  produced  from  the  K)i 
might  be  immediately  inferred  from  that  belonging  to 
latter,  by  recollecting  that  the  direction  of  the  inductic 
the  beginning  should  be  opposite  to  that  at  the  ending, 
not  wish  it  to  be  supposed,  however,  from  this  remark, 
I  had,  myself,  drawn  any  inference  from  my  experiment 
to  the  alternations  of  currents  which  might  be  produced  b} 
beginning  induction  ;  the  truth  is,  that  this  action  was  so 
ble  with  the  arrangement  of  apparatus  I  employed,  thi 
supposed  it  could  not  produce  a  series  of  currents  of  the 
ferent  orders.  

28.  In  the  course  of  the  experiments  given  in  this  sect 
I  have  found  that  a  shock  can  be  produced  without  usii 
coil,  by  arranging  about  ten  elements  of  the  battery  in 
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form  of  a  circle,  and  placing  the  helix  within  this.  The  shock 
was  felt  in  the  hands  at  the  moment  of  closing  the  circuit,  but 
the  effect  at  opening  the  same  was  scarcely  perceptible  through 
the  tongue.  An  attempt  was  also  made  to  get  indications  of 
induction  by  placing  the  helix  within  a  circle  of  dilute  acid, 
connected  with  a  battery  instead  of  a  coil,  but  the  effect,  if 
any,  was  very  feeble. 

S9«  I  have  shown,  in  the  second  number  of  my  contribu- 
tions, that  if  the  body  be  introduced  into  a  circuit  with  a  bat* 
tery  of  one  hundred  and  twenty  elements,  without  a  coil,  a 
thrilling  sensation  will  be  felt  during  the  continuance  of  the 
current,  and  a  shock  will  be  experienced  at  the  moment  of 
interrupting  the  current  by  breaking  the  circuit  at  any  point. 
This  result  is  evidently  due  to  the  induction  of  a  secondary 
current  in  the  batteiy  itself,  and  on  this  principle  the  remark- 
able physiological  effects  produced  by  Dr.  Ure,  on  the  body 
of  a  malefactor,  may  be  explained.  The  body,  in  these  ex- 
periments, was  made  to  form  a  part  of  the  circuit,  with  a 
compound  galvanic  apparatus  in  which  a  series  of  interrup- 
tions was  rapidly  made  by  drawing  the  end  of  a  conductor 
over  the  edges  of  the  plates  of  the  battery.  By  this  opera- 
tion a  series  of  induced  currents  must  have  been  produced  in 
the  battery  itself,  the  intensity  of  which  was  greater  than  that 
of  the  primary  current. 

30.  In  this  connexion  I  may  mention  that  the  idea  has  oc- 
curred to  me,  that  the  intense  shocks  given  by  the  electrical 
fish  may  possibly  be  from  a  secondary  current,  and  that  the 
great  amount  of  nervous  organization  found  in  these  ani- 
mals may  serve  the  purpose  of  a  lone  conductor*.  It  ap- 
pears to  me,  that  in  the  present  state  of  knowledge,  this  is  the 
only  way  in  which  we  can  conceive  of  such  intense  electricity 
being  produced  in  organs  imperfectly  insulated  and  immersed 
in  a  conducting  medium.  But  we  have  seen  that  an  original 
current  of  feeble  intensity  can  induce,  in  a  long  wire,  a  se- 
condary current  capable  of  giving  intense  shocks,  although 
the  several  strands  of  the  wire  are  separated  from  each  other 
only  by  a  covering  of  cotton  thread.  Whatever  may  be  the 
worth  of  this  suggestion,  the  secondary  current  affords  the 
means  of  imitating  the  phsenomena  of  the  shock  from  the 
electrical  eel,  as  described  by  Dr.  Faraday.  By  immersing 
the  apparatus  (Fig.  3.)  in  a  shallow  vessel  of  water,  the  handles 
being  placed  at  the  two  extremities  of  the  diameter  of  the 
helix,  and  the  hands  plunged  into  the  water  parallel  to  a  line 
joining  the  two  poles,  a  ^ock  is  felt  through  the  arms ;  but 

*  Since  writing  the  above,  I  have  found  that  M.  Masson  has  sugge&ted 
the  same  idea  in  an  interesting  thesis  lately  publbhed. 
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when  the  contact  with  the  water  is  made  in  a  line  at 
angles  to  the  last,  only  a  slight  sensation  is  felt  in  each 
but  no  shock. 

31.  Since  the  publication  of  my  last  paper,  I  have  exh 
to  my  class  the  experiment  (No.  III.  Sect.  III.)  relative 
induction  at  a  distance  on  a  much  larger  scale.  All  m) 
were  united  so  as  to  form  a  single  length  of  conduct 
about  four  hundred  feet,  and  this  was  rolled  into  a  ri 
five  and  a  half  feet  in  diameter,  and  suspended  verl 
against  the  inside  of  the  large  folding  doors  which  se} 
the  laboratory  from  the  lecture-room.  On  the  other  s 
the  doors,  in  the  lecture-room,  and  directly  opposite  thi 
was  placed  a  helix,  formed  of  upwards  of  a  mile  of  c 
wire,  one-sixteenth  of  an  inch  in  thickness,  and  woum 
a  hoop  of  four  feet  in  diameter.  With  this  arrangemeni 
a  battery  of  one  hundred  and  forty-seven  square  feet  o 
surface  divided  into  eight  elements,  shocks  were  perce 
in  the  tongue,  when  the  two  conductors  were  separat 
the  distance  of  nearly  seven  feet ;  at  the  distance  of  be 
three  and  four  feet,  the  shocks  were  quite  severe.  Th 
hibition  was  rendered  more  interesting  by  causing  the  i 
tion  to  take  place  through  a  number  of  persons  standing 
row  between  the  two  conductors. 

Sect.  II. — On  apparently  two  kinds  of  Electro- dynav 
Induction. 

32.  The  investigations  arranged  under  this  head  had 
origin  in  the  following  circumstances.  After  the  publii 
of  my  last  paper,  I  received,  through  the  kindness  o 
Faraday,  a  copy  of  the  fourteenth  series  of  his  reseai 
and  in  this  I  was  surprised  to  find  a  statement  which  app 
in  direct  opposition  to  one  of  the  principal  facts  of  my 
munication.  In  paragraph  59,  I  state,  in  substance, 
when  a  plate  of  metal  is  interposed  between  the  coil  i 
mitting  a  galvanic  current,  and  the  helix  placed  above 
receive  the  induction,  the  shock  from  the  secondary  ci 
is  almost  perfectly  neutralized.  Dr.  Faraday,  in  the  c 
sion  of  his  new  and  ingenious  views  of  the  agency  of  tl 
termediate  particles  in  transmitting  induction,  was  led  to 
an  experiment  on  the  same  point ;  and  apparently,  und( 
same  circumstances,  he  found  that  it  '*  makes  not  the 
difference,  whether  the  intervening  space  between  the 
conductors  is  occupied  by  such  insulating  bodies  as  air 
phur,  and  shell-lac,  or  such  conducting  bodies  as  coppe 
other  non-magnetic  metals." 

33.  As  the  investigation  of  the  fact  mentioned  above  i 
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.  an  important  part  of  my  paper,  and  is  intimately  connected 
with  almost  all  the  phseuomena  subsequently  described  in  the 
communication,  I  was,  of  course,  anxious  to  discover  the  cause 
of  so  remarkable  a  discrepancy.  There  could  be  no  doubt 
of  the  truth  of  my  results,  since  a  shock  from  a  secondary 
current  which  would  paralyze  the  arms  was  so  much  reduced 
by  the  interposition  of  plates  of  metal,  as  scarcely  to  be  felt 
through  the  tongue. 

34-.  After  some  reflection,  however,  the  thought  occurred 
to  me  that  induction  might  be  produced  in  such  a  way  as  not 
to  be  affected  by  the  interposition  of  a  plate  of  metal.  To 
understand  this,  suppose  the  end  of  a  magnetic  bar  placed 
perpendicularly  under  the  middle  of  a  plate  of  copper,  and  a 
helix  suddenly  brought  down  on  this;  an  induced  current 
would  be  produced  in  the  helix  by  its  motion  towards  the 
plate,  since  the  copper,  in  this  case,  could  not  screen  the 
magnetic  influence.  Now,  if  we  substitute  for  the  magnet  a 
coil  through  which  a  galvanic  current  is  passing,  the  effect 
should  be  the  same.  The  experiment  was  tried  by  attaching 
the  ends  of  the  helix  to  a  galvanometer*,  and  the  result  was 
as  I  expected :  when  the  coil  was  suddenly  brought  down 
on  the  plate  the  needle  swung  in  one  direction,  and  when 
lifted  up,  in  the  other;  the  amount  of  deflection  being  the  same, 
whether  the  plate  was  interposed  or  not. 

35.  It  must  be  observed  in  this  experiment,  that  the  plate 
was  at  rest,  and  consequently  did  not  partake  of  the  induction 
produced  by  the  motion  of  the  helix.  From  my  previous  in- 
vestigations, I  was  led  to  conclude  that  a  different  result 
would  follow,  were  a  current  also  generated  in  the  plate  by 
simultaneously  moving  it  up  and  down  with  the  helix.  This 
conclusion,  however,  was  not  correct,  for  on  making  the  ex- 
periment, I  found  that  the  needle  was  just  as  much  affected 
when  the  plate  was  put  in  motion  with  the  helix  as  when  the 
latter  alone  was  moved. 

36.  This  result  was  so  unexpected  and  remarkable,  that  it 
was  considered  necessary  to  repeat  and  vary  the  experiment 
in  several  ways.  First,  a  coil  was  interposed  instead  of  the 
plate,  but  whether  the  coil  was  at  rest  or  in  motion  with  the 
helix,  with  its  ends  separated  or  joined,  the  effect  on  the 
galvanometer  was  still  the  same;  not  the  least  screening 
influence  could  be  observed.  In  reference  to  the  use  of 
the  coil  in  this  experiment,  it  will  be  recollected  that  I  have 

*  The  arrangement  will  be  readily  understood  by  supposing  in  Fig.  3. 
the  handles  removed,  and  the  ends  of  the  helix  joined  to  the  ends  of  the 
wire  of  a  galvanometer;  also,  by  a  phUe  of  metal  interposed  between  the 
helix  and  the  coil. 
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found  this  article  to  produce  a  more  perfect  neutral! 
than  a  plate. 

87.  Next,  the  apparatus  remaining  the  same,  and  the 
at  rest  during  the  experiment,  currents  were  induced 
by  moving  the  battery  attached  to  the  coil  up  and  dc 
the  acid.  But  in  this  case,  as  in  the  others,  the  effect  i 
galvanometer  was  the  same,  whether  the  plate  or  the  co 
interposed  or  not. 

38.  The  experiment  was  also  tried  with  magneto-elect 
For  this  purpose,  about  forty  feet  of  copper  wire,  cc 
with  silk,  were  wound  around  a  short  cylinder  of  stiff  ] 
and  into  this  was  inserted  a  hollow  cylinder  of  sheet  ca 
and  into  this  again,  a  short  rod  of  soft  iron ;  when  the 
was  rendered  magnetic,  by  suddenly  bringing  in  contac 
its  two  ends  the  different  poles  of  two  magnets,  a  cum 
course,  was  generated  in  the  wire,  and  this,  as  befor 
found  to  affect  the  galvanometer  to  the  same  degree 
the  copper  cylinder  was  interposed,  as  when  nothing  b 
paper  intervened. 

S9.  The  last  experiment  was  also  varied  by  wrappir 
copper  wires  of  equal  length  around  the  middle  of  the  V 
of  a  horse-shoe  magnet,  leaving  the  ends  of  the  inn< 
projecting,  and  those  of  the  outer  attached  to  a  ffalvanoi 
A  current  was  generated  in  each  by  moving  the  kee] 
the  ends  of  the  magnet,  but  the  effect  on  the  galvanc 
was  not  in  the  least  diminished  by  joining  the  ends  oft! 
ner  wire. 

40.  At  first  sight,  it  might  appear  that  all  these  resu 
at  variance  with  those  detailed  in  my  last  paper,  relai 
the  effect  of  interposed  coils  and  plates  of  metal.  But 
be  observed,  that  in  all  the  experiments  just  given,  tl 
duced  currents  are  not  the  same  as  those  described  in  n 
communication.  They  are  all  produced  by  motion,  anc 
an  appreciable  duration,  which  continues  as  long  as  tb 
tion  exists.  They  are  also  of  low  intensity,  and  thui 
have  not  been  able  to  get  shocks  by  any  arrangement  < 
paratus  from  currents  of  this  kind.  On  the  utner  ban 
currents  'produced  at  the  moment  of  suddenly  makii 
breaking  a  galvanic  current  are  of  considerable  intensity 
exist  but  for  an  instant  From  these,  and  other  fact 
sently  to  be  mentioned,  I  was  led  to  suppose  that  tb« 
two  kinds  of  electro- dynamic  induction;  one  of  which  ( 
neutralized  by  the  interposition  of  a  metallic  plate  bt 
the  conductors  and  the  other  not. 

41.  In  reference  to  this  surmise,  it  became  import 
examine  again  all  the  phenomena  of  induction  at  sue 
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making  and  breaking  a  galvanic  current*.  And  in  connexion 
with  this  part  of  the  subject,  I  will  first  mention  a  fact  which 
was  observed  in  the  course  of  the  experiments  given  in  the 
last  section,  on  the  direction  of  the  induced  currents  of  dif- 
ferent orders.  It  was  found,  that  though  the  indications  of 
the  galvanometer  were  the  same  as  those  of  the  spiral,  in  re- 
ference to  the  direction  of  the  induced  currents,  yet  they  were 
very  different  in  regard  to  the  intensity  of  the  action.  Thns, 
when  the  arrangement  of  the  apparatus  was  such  that  the  in- 
duction at  making  the  battery  circuit  was  so  feeble  as  not  to 
give  the  least  magnetism  to  the  needle,  and  so  powerful  at  the 
ending  as  to  magnetize  it  to  saturation,  the  indication  of  the 
galvanometer  was  the  same  in  both  cases. 

42.  Also^  similar  results  were  obtained  in  comparing  the 
shock  and  the  deflection  of  the  galvanometer.  In  one  expe- 
riment, for  example,  the  shock  was  so  feeble  at  making  con- 
tact that  it  could  scarcely  be  perceived  in  the  fingers,  but  so 
powerful  at  the  breaking  of  the  circuit  as  to  be  felt  in  the 
breast;  yet  the  galvanometer  was  deflected  about  thirty-five  de- 
grees to  the  right,  at  the  beginning  of  the  current,  and  only  an 
equal  number  of  degrees  to  thelef^  at  the  ending  of  the  same. 

48.  In  another  experiment,  the  apparatus  being  the  same 
as  before,  the  magnetizing  spiral  and  the  galvanometer  were 
both  at  once  introduced  into  the  circuit  of  the  helix.  A 
sewing  needle  beinff  placed  in  the  spiral,  and  the  contact  with 
the  battery  made,  the  needle  showed  no  signs  of' magnetism, 
although  the  galvanometer  was  deflected  thirty  degrees.  The 
needle  being  replaced,  and  the  battery  circuit  broken,  it  was 
now  found  strongly  magnetized,  while  the  galvanometer  was 
only  moved  about  as  much  as  before  in  the  opposite  direction. 

44.  Also,  efiects  similar  to  those  described  in  the  last  two 
paragraphs  were  produced  when  the  apparatus  was  so  ar- 
ranged  as  to  cause  the  induction  at  the  beginning  of  the  bat- 
tery current  to  predominate.  In  this  case  the  galvanometer 
was  still  nearly  equally  aflected  at  making  and  breaking  bat- 
tery contact,  or  any  difference  which  was  observed  could  be 
referred  to  a  variation  in  the  power  of  the  battery  during  the 
experiment. 

45.  Another  fact  of  importance  belonging  to  the  same  class 
has  been  mentioned  before  (24.),  namely,  that  the  actions  of 
the  currents  of  the  third,  fourth,  and  fifth  orders  produce  a 
very  small  efiect  on  the  galvanometer,  compared  with  that  of 
tbe  secondary  current;  and  this  is  not  alone  on  account  of  the 
diminishing  power  of  the  successive  inductions,  as  will  be  evi- 
dent from  the  following  experiment.    By  raising  the  helix  from 

*  See  my  last  paper  in  Load,  and  Edinb.  Phil.  Mag.,  March  1840,  p.  900. 
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the  coil,  in  the  arrangement  of  apparatus  for  the  secondary 
current,  the  shock  was  so  diminished  as  to  be  inferior  to  one 
produced  by  the  arrangement  for  a  tertiary  current ;  yet,  while 
with  the  secondary  current  the  needle  was  deflected  twenty-five 
degrees,  with  the  tertiary  it  scarcely  moved  more  than  one  de- 
gree ;  and  with  the  currents  of  the  fourth  and  fifth  orders  the 
deflections  were  still  less,  resembling  the  effect  of  a  sli^t  im- 
pulse given  to  the  end  of  the  needle. 

46.  With  the  light  obtained  from  the  foregoing  experi- 
ments, I  was  the  more  fully  persuaded  that  some  new  and  in- 
teresting results  might  be  obtained  by  a  re-examination  of 
my  former  experiments,  on  the  phtenomena  of  the  interposed 
plate  of  metal,  in  the  case  where  the  induction  was  produced 
by  making  and  breaking  the  circuit  with  a  cup  of  mercury ; 
and  in  this  I  was  not  disappointed.  The  coil  (Fig«  3.)  being 
connected  with  a  battery  of  ten  elements,  the  snocks,  both  at 
making  and  breaking  the  circuit,  were  very  severe ;  and  these, 
as  usual,  were  almost  entirely  neutralized  by  the  interposition 
of  a  zinc  plate.  But  when  the  galvanometer  was  introduced 
into  the  circuit  instead  of  the  body,  its  indications  were  the 
same  whether  the  plate  was  interposed  or  not ;  or,  in  other 
words,  the  galvanometer  indicated  no  screening,  while,  under 
the  same  circumstances,  the  shocks  were  neutralized. 

47.  A  similar  effect  was  observed  when  the  galvanometer 
and  the  magnetizing  spiral  were  together  introduced  into 
the  circuit.  The  interposition  of  the  plate  entirely  neutra* 
lized  the  magnetizing  power  of  the  spiral,  in  i*eference  to  tem- 
pered steel,  while  the  deflections  of  the  galvanometer  were 
unaffected. 

48.  In  order  to  increase  the  number  of  facts  belonging  to 
this  class,  the  last  experiments  were  varied  in  several  ways ; 
and  first,  instead  of  the  hard  steel  needle,  one  of  soft  iron 
wire  was  placed  in  the  spiral,  with  a  small  quantity  (^  iron 
filings  almost  in  contact  with  one  of  its  ends.  The  plate  be- 
ing inter|X)sed,  the  small  particles  of  iron  were  attracted  by  the 
end  of  the  needle,  indicating  a  feeble,  temporary  development 
of  magnetism.  Hence  the  current  which  moves  the  needle, 
and  is  not  neutralized  by  the  interposed  plate,  also  feebly 
magnetizes  soft  iron,  but  not  hard  steel. 

49.  Again,  the  arrangement  of  apparatus  being  as  in  para- 
graph 46,  instead  of  a  plate  of  zinc,  one  of  cast  iron,  of  about 
the  same  superficial  dimensions,  but  nearly  half  an  inch  thick, 
was  interposed  ;  with  this  the  magnetizing  power  of  the  spiral, 
in  reference  to  tempered  steel,  was  neutralized ;  and,  also,  the 
action  of  the  galvanometer  was  much  diminished. 

50.  Another  result  was  obtained  by  placing  in  the  circuit 
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of  the  bdix  (fig.  S,\  at  the  same  time)  the  galvanometer,  the 
spiral,  and  a  drop  of  distilled  water ;  with  these  the  magneti- 
zing power  of  the  spiral  was  the  same  as  without  the  water, 
but  the  deflection  of  the  galvanometer  was  reduced  from  ten 
to  about  four  degrees.  In  addition  to  these,  the  body  was 
also  introduced  into  the  same  circuit ;  the  shocks  were  found 
very  severe,  the  spiral  magnetized  needles  strongly,  but  the 
galvanometer  was  still  less  moved  than  before.  The  current 
of  low  intensity,  which  deflects  the  needle  of  the  galvanome- 
ter in  the^e  instances,  was  partially  intercepted  by  the  imper- 
fect conduction  of  the  water  and  the  body. 

51.  To  exhibit  the  results  of  these  experiments  with  still 
more  precision,  an  arrangement  of  apparatus  was  adopted 
similar  to  that  used  by  Dr.  Faraday,  and  described  in  the 
fourteenth  series  of  his  researches,  namely,  a  double  galvano-* 
meter  was  formed  of  two  separate  wires  of  equal  length  and 
thickness,  wound  together  on  the  same  frame ;  and,  also,  a 
double  magnetizing  spiral  was  prepared  by  winding  two  equal 
wires  around  the  same  piece  of  hollow  straw.  Coil  No.  J^ 
connected  with  the  battery,  was  supported  perpendicularly  on 
a  table,  and  coils  Nos.  3  and  4*  were  placeu  parallel  to  this, 
one  on  each  side,  to  receive  the  induction,  the  ends  of  these 
being  so  joined  with  those  of  the  galvanometer  and  the  spiral 
that  the  induced  current  from  the  one  coil  would  pass  through 
the  two  instruments,  in  an  opposite  direction  to  thai  of  the 
current  from  the  other  coil.  The  two  outside  coils  were  then 
so  adjusted,  by  moving  them  to  and  from  the  middle  coil,  that 
the  induced  currents  perfectly  neutralized  each  other  in  the  two 
instruments,  and  the  needle  of  the  galvanometer  and  that  in  the 
spiral  were  both  unafiected  when  the  circuit  of  the  battery 
was  made  and  broken.  With  this  delicate  arrangement  the 
slightest  difference  in  the  action  of  the  two  currents  would  be 
rendered  perceptible;  but  when  a  zinc  plate  was  introduced 
so  as  to  screen  one  of  the  coils,  the  needle  of  the  galvanome^ 
ter  still  remained  perfectly  stationary,  indicating  not  the  least 
action  of  the  plate,  while  the  needle  in  the  spiral  became 
powerfully  magnetic.  When,  however,  a  plate  of  iron  was 
interposed  instead  of  the  one  of  zinc,  the  needle  of  the  galva- 
nometer was  also  affected. 

52.  From  the  foregoing  results  it  would  seem  that  the  se- 
condary current,  produced  at  the  moment  of  suddenly  begin- 
ning or  ending  of  a  galvanic  current,  by  making  and  breaking 
contact  with  a  cup  of  mercury,  consists  of  two  parts,  which 
possess  different  properties.  One  of  these  is  of  low  intensity, 
can  be  interrupted  by  a  drop  of  water,  does  not  magnetize 
hardened  steel  needles,  and  is  hot  screened  by  the  interposition 
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of  a  plate  of  any  metal>  except  iron,  between  the  condi 
The  other  part  is  of  considerable  intensity,  is  not  inten 
by  a  drop  of  water,  developes  the  magnetism  of  hardenec 
gives  shocks,  and  is  screened  or  neutralized  by  a  close 
or  a  plate  of  any  kind  of  metal.  Also,  the  induced  ci 
produced  by  moving  a  conductor  towards  or  from  a  b 
current,  and  that  produced  by  the  movement  up  and 
of  a  battery  in  the  acid,  are  of  the  nature  of  the  first 
tioned  part,  while  the  currents  of  the  third,  fourth,  an 
orders  partake  almost  exclusively  of  the  properties  of  tl 
cond  part.  ■ 

5S.  The  principal  facts  and  conclusions  of  this  sectioi 
announced  to  the  Society  in  October  1839,  and  agaii 
sented  in  the  form  in  which  they  are  here  detailed  in 
last  Since  then,  however,  I  have  had  leisure  to  exami 
subject  more  attentively,  and  after  a  careful  comparii 
these  results  with  those  before  given,  I  have  obtains 
more  definite  views  of  the  phe&nomena  which  are  given 
next  section. 

S£CT.  III. — Theoretical  Considerations  relating  to  the  t 
mena  described  in  this  and  (he  preceding  Communia 
Read  Nooember  20,  1 840. 

54.  The  experiments  given  in  the  last  No.  of  my  cor 
tions  were  merely  arranged  under  different  heads,  an< 
such  inferences  drawn  from  them  as  could  be  immediate 
duced  without  reference  to  a  general  explanation.  Tl 
dition,  however,  which  I  have  since  made  to  the  num 
facts,  affords  the  means  of  a  wider  generalization ;  an< 
an  attentive  consideration  of  all  the  results  given  in  tfa 
the  preceding  papers,  I  have  come  to  the  conclusion  th£ 
can  all  be  referred  to  the  simple  laws  of  the  induction 
beginning  and  the  ending  of  a  galvanic  current. 

SB,  In  the  course  of  tnese  investigations  the  limited 
theses  which  I  have  adopted  have  been  continually  m< 
by  the  development  of  new  facts,  and  therefore  my  ( 
views,  with  the  further  extension  of  the  subiect,  may  a 
quire  important  corrections.  But  I  am  induced  to  b 
from  its  exact  accordance  with  all  the  facts,  so  far  a 
have  been  compared,  that  if  the  explanation  I  now  v 
to  give  be  not  absolutely  true,  it  is  so,  at  least,  in  apprc 
tion,  and  will  therefore  be  of  some  importance  in  the  ^ 
suggesting  new  forms  of  experiment,  or  as  a  first  step  tc 
a  more  perfect  generalization. 

5G.  To  render  the  laws  of  induction  at  the  begiunic 
the  ending  of  a  galvanic  current  more  readily  applies 
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the  explanation  of  the  phaenomena,  they  may  be  stated  as  fol- 
lows : — 1.  During  the  time  a  galvanic  current  is  increasing  in 
quantity  in  a  conductor,  it  induces,  or  tends  to  induce,  a  current 
in  an  adjoining  parallel  conductor  in  an  opposite  direction  to 
itself.  2.  During  the  continuance  of  the  primary  current  in 
full  quantity,  no  inductive  action  is  exerted.  S.  But  when 
the  same  current  begins  to  decline  in  quantity,  and  during 
the  whole  time  of  its  diminishing,  an  induced  current  is  pro-* 
duced  in  an  opposite  direction  to  the  induced  current  at  the 
beginning  of  the  primary  current. 

57.  In  addition  to  these  laws,  I  must  frequently  refer  to  the 
fact,  that  'when  the  same  quantity  qf  electricity  in  a  current  of 
short  duration  is  passed  through  a  galvanometer^  the  deflecting 

force  on  the  needle  is  the  same,  whatever  be  the  intensity  of  the 
electricity.  By  intensity  is  here  understood  the  ratio  of  n 
given  quantity  of  force  to  the  time  in  which  it  is  expended^ ; 
and  according  to  this  view,  the  proposition  stated  is  an  evi- 
dent inference  from  dynamic  principles.  But  it  does  not  rest 
alone  on  considerations  of  this  kind,  since  it  has  been  proved 
experimentally  by  Dr.  Faraday,  in  the  third  series  of  his  re- 
searches. 

58.  In  order  to  form  a  definite  conception  of  the  several 
conditions  of  the  complex  phenomena  which  we  are  about  to 
investigate,  I  have  adopted  the  method  often  employed  in 
physical  inquiries,  of  representing  the  varying  elements  of 
action  by  the  different  parts  of  a  curve.  This  artifice  has 
been  of  much  assistance  to  me  in  studying  the  subject,  and 
without  the  use  of  it  at  present,  I  could  scarcely  hope  to  pre* 
sent  my  views  in  an  intelligible  manner  to  the  Society. 

59.  After  making  these  preliminary  statements,  we  will  now 
proceed  to  consider  the  several  phenomena ;  and,  first,  let 
us  take  the  case  in  which  the  induction  is  roost  obviously 
produced  in  accordance  with  the  laws  as  above  stated  (66*)^ 
namely,  by  immersing  a  battery  into  the  acid,  and  also  by 
withdrawing  it  from  the  same.  During  the  time  of  the  de- 
scent of  the  battery  into  the  liquid,  the  conductor  connected 
with  it  is  constantly  receiving  additional  quantities  of  current 
electricity,  and  each  of  these  additions  produces  an  inductive 
action  on  the  adjoining  secondary  conductor.  The  amount, 
therefore,  of  induced  current  produced  during  anv  moment  of 
time  will  be  just  in  proportion  to  the  corresponding  hicrease 
in  the  current  of  the  battery  during  the  same  moment  Also, 
the  amount  of  induction  during  any  moment  while  the  cur- 

*  Or  more  correctly  speaking,  the  ratio  of  two  quantities  of  the  same 
species  representing  the  force  and  time. 
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rent  of  the  bnttery  is  diminisbtng  in  quantity  will  be  in  pro- 
portion to  the  decrease  during  the  same  moment. 

60.  The  several  conditions  of  tliis  experiment  may  be  re- 
presented by  the  different  parts  of  the  curve,  A,  B,  C,  D, 
fig.  17,  in  which  the  distances,  Aa,  A6,  A(?,  represent  the 
times  during  which  the  battery  is  descending  to  diflferent 
depths  into  me  acid ;  and  the  corresponding  ordinates,  ag^bh^ 
c  Dj  represent  the  amount  of  current  electricity  in  the  battery 
conductor  corresponding  to  these  times.  The  differences  of 
the  ordinates,  namely,  ag^mh^  n  B,  express  the  increase  in 
the  quantity  of  the  battery  current  during  the  correspooding 
moments  of  time  represented  by  A  a,  a  £,  6  c ;  and  since  the 
inductive  actions  (59.)  are  just  in  proportion  to  these  increases, 
the  same  differences  will  also  represent  the  amount  of  in- 
duced action  exerted  on  the  secondary  conductor  during  the 
same  moment  of  time. 


Fig.  17. 


A     a       b       c 


d      e      / 


61.  When  the  battery  is  fully  immersed  in  the  acid,  or 
when  the  current  in  the  conductor  has  reached  its  state  of 
maximum  quantity,  and  during  the  time  of  its  remaining  con- 
stant, no  induction  is  exerted  ;  and  this  condition  is  expressed 
by  the  constant  ordinates  of  the  part  of  the  curve  B  C,  parallel 
to  the  axis.  Also,  the  inductive  action  produced  by  each  di- 
minution of  the  battery  current,  while  the  apparatus  is  in  the 
progress  of  being  drawn  from  the  acid,  will  be  represented 
by  uie  differences  of  the  ordinates  at  the  other  end,  C  D,  of 
the  curve. 

62.  The  sum  of  the  several  increments  of  the  battery  cur- 
rent, up  to  its  full  development,  will  be  expressed  bv  the  or- 
dinate c  B,  and  this  will,  therefore,  also  represent  the  whole 
amount  of  inductive  action  exerted  in  one  direction  at  the 
beginning  of  the  primary  current ;  and,  for  the  same  reason, 
the  equal  ordinate,  C  c/,  will  represent  the  whole  induction  in 
the  other  direction  at  the  ending  of  the  same  current.  Also, 
the  whole  time  of  continuance  of  the  inductive  action  at  the 
beginning  and  ending  will  be  represented  by  A  r  and  <f  D. 

6.^.  If  we  suppose  the  battery  to  be  plunged  into  the  acid 
to  the  same  depth,  but  more  rapidly  than  before,  then  the 
time  represented  by  Ar  will  be  diminished,  while  the  whole 
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amoont  of  inductive  force  expended  remains  the  same ;  hence, 
since  the  same  quantity  of  force  is  exerted  in  a  less  time,  a 
greater  intensity  of  action  will  be  produced  (57.),  and  con- 
sequently a  current  of  more  intensity,  but  of  less  duration, 
will  be  generated  in  the  secondary  conductor.  The  intensity 
of  the  induced  curi*ents  will,  therefore,  evidently  be  expressed 
by  the  ratio  of  the  ordinate  c  B  to  the  abscissa  A  c.  Or,  in 
more  general  and  definite  terms,  the  intensity  of  the  induc- 
tive action  at  any  moment  of  time  will  be  represented  by  the 
ratio  of  the  rate  of  increase  of  the  ordinate  to  that  of  the 
abscissa  for  that  moment*. 

64>.  It  is  evident  from  the  last  paragraph,  that  the  greater 
or  less  intensity  of  the  inductive  action  will  be  immediately 
presented  to  the  eye,  by  the  greater  or  less  obliquity  of  the 
several  parts  of  the  curve  to  the  axis.  Thus,  if  the  battery  be 
suddenly  plunged  into  the  acid  for  a  short  distance,  and  then 
gradually  immersed  through  the  remainder  of  the  deptli,  the 
varying  action  will  be  exhibited  at  once  by  the  form  of  A  B, 
the  first  part  of  the  curve,  fig.  17.  The  steepness  of  the  part 
A  g  will  indicate  an  intense  action  for  a  short  time  A  a,  while 
the  part^  B  denotes  a  more  feeble  induction  during  the  time 
represented  by  a  c.  In  the  same  way,  by  drawing  up  the 
battery  suddenly  at  first,  and  afterwards  slowly,  we  may  pro- 
duce an  inductive  action  such  as  would  be  represented  by  the 
parts  between  C  and  D  of  the  ending  of  the  curve. 

65.  Having  thus  obtained  representations  of  the  different 
elements  of  action,  we  are  now  prepared  to  apply  these  to 
the  phasnomena.  And,  first,  however  varied  may  be  the  in- 
tensity of  the  induction  expressed  by  the  difierent  parts  of 
the  two  ends  of  the  curve,  we  may  imipediately  infer  that  a 
galvanometer,  placed  in  the  circuit  of  the  secondary  conduc- 
tor, will  be  equally  afiected  at  the  beginning  and  ending  of 
the  primary  current ;  for,  since  the  deflection  of  this  instru- 
ment is  due  to  the  whole  amount  of  a  current,  whatever  may 
be  its  intensity  (57.),  and  since  the  ordinates  c  B  and  C  d  are 
equal,  which  represent  the  quantity  of  induction  in  the  two 
directions,  and,  consequently,  the  amount  of  the  secondary 
current,  therefore  the  deflection  at  the  beginning  and  ending 
of  the  battery  current  will,  in  all  cases,  be  equal.  This  in- 
ference is  in  strict  accordance  with  the  results  of  experiment ; 

*  According  to  the  difibrentlal  notation,  the  intensity  will  be  expressed 
by  ^.  In  some  cases  the  effect  may  be  proportional  to  the  intensity  mul- 
tiplied by  the  quantity,  and  this  will  be  expressed  by  ^,  x  and  y  repre- 

ax 
seating,  as  usual,  the  variable  abscissa  and  ordinate. 
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for,  however  rapidly  or  slowly  we  may  plunge  the  I 
into  the  acid,  and  however  irregular  may  be  the  rate  at 
it  is  drawn  out,  still  if  the  whole  eflFect  be  produced  witl 
time  of  one  swing  of  the  needle,  the  galvanometer  is  de 
to  an  equal  degree. 

66.  Again,  the  intensity  of  one  part  of  the  inductive 
for  example  that  represented  by  A^,  may  be  snpposec 
so  great  as  to  produce  a  secondary  current  capable  of 
trating  the  body,  and  of  thus  producing  a  shock*  wli 
other  parts  of  the  action,  represented  by  g  B  and  C 
so  feeble  as  to  affect  the  galvanometer  only.  We  woul 
have  a  result  the  same  as  one  of  those  given  in  the  h 
tion  (42.),  and  which  was  supposed  to  be  produced 
kinds  of  induction ;  for  if  the  shock  were  referred  to 
test  of  the  existence  of  an  induced  current,  one  wo 
found  at  the  beginning  only  of  the  battery  current,  w 
the  galvanometer  were  consulted,  we  would  perceive 
fects  of  a  current  as  powerful  at  the  ending  as  at  the 
ning. 

67.  The  results  mentioned  in  the  last  paragraph  car 
obtained  by  plunging  a  battery  into  the  acid ;  the  for 
of  the  current  in  this  way  is  not  sufficiently  rapid  to  p 
a  shock.  The  example  was  given  to  illustrate  the  mai 
which  the  same  effect  is  supposed  to  be  produced,  in  tl 
of  the  more  sudden  formation  of  a  current,  by  plungi 
end  of  the  conductor  into  a  cup  of  mercury  permanei 
tached  to  a  battery  already  in  the  acid,  and  in  fiill  ope 
The  current,  in  this  case,  rapid  as  may  be  its  develo 
cannot  be  supposed  to  assume  per  saltum  its  maximui 
of  quantity ;  on  the  contrary,  from  the  general  law  c 
tinuity,  we  would  infer  that  it  passes  through  all  the  ir 
diate  states  of  quantity,  from  that  of  no  current,  if 
pression  may  be  allowed,  to  one  of  full  development 
are,  however,  considerations  of  an  experimental  nature 
would  lead  us  to  the  same  conclusion  ( 1 8,  90.),  and 
the  further  inference  that  the  decline  of  the  current  is 
stantaneous.  According  to  this  view,  therefore,  the  im 
actions  at  the  beginning  and  the  ending  of  a  primary  c 
of  which  the  formation  and  interruption  is  effected  by 
of  the  contact  with  a  cup  of  mercury,  may  also  be  repn 
by  the  several  parts  of  the  curve,  fig.  17. 

68.  We  have  now  to  consider  how  the  rate  of^  incr 
diminution  of  the  current,  in  the  case  in  question,  can 
tered  by  a  change  in  the  different  parts  of  the  appi 

*  The  shock  depend?  more  on  the  intensity  than  on  the  quanti 
paragraph  13. 
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and,  first)  let  us  take  the  example  of  a  single  liattery  and  a 
short  conductor,  making  only  one  or  two  turns  around  the 
helix ;  with  this  arrangement  a  feeble  shock,  as  we  have  seen 
(li.)*  will  be  felt  at  the  making,  and  also  at  the  breaking  of 
the  circuit.  In  this  case  it  would  seem  that  almost  the  only 
impediment  to  the  most  rapid  development  of  the  current 
would  be  the  resistance  to  conduction  of  the  metal;  and  this 
we  might  suppose  would  be  more  rapidly  overcome  by  in- 
creasing the  tension  of  the  electricity ;  and,  accordingly,  we 
find,  that  if  the  number  of  the  elements  of  die  battery  be  in- 
creased, the  shock  at  making  the  circuit  will  also  be  increased, 
while  that  at  breaking  the  circuit  will  remain  nearly  the  same. 
To  explain,  however,  this  efiect  more  minutely,  we  must  call 
to  mind  the  fact  before  referred  to  (17.)9  that  when  the  poles 
of  a  compound  battery  are  not  connected,  the  apparatus  ac. 
quires  an  accumulation  of  electricity,  which  is  discharged  at 
tne  first  moment  of  contact,  and  which  in  this  case  would 
more  rapidly  develope  the  full  current,  and  hence  produce 
the  more  intense  action  on  the  helix  at  making  the  circuit. 

69.  The  shock,  and  also  the  deflection  of  the  needle,  at 
breaking  the  circuit  with  a  compound  battery  and  a  short  coil 
(9.),  appears  nearly  the  same  as  with  a  battery  of  a  single  ele- 
ment, because  the  accumulation  just  mentioned,  in  the  com- 
pound battery,  is  discharged  almost  instantly,  and,  according 
to  the  theory  (71.)  of  the  galvanic  current,  leaves  the  con- 
stant current  in  the  conductor  nearly  in  the  same  state  of 
quantity  as  that  which  would  be  produced  bv  a  battery  of  a 
single  element;  and  hence  the  conditions  of  the  ending  of  the 
current  are  the  same  in  both  cases.  Indeed,  in  reference  to 
the  ending  induction,  it  may  be  assumed  as  a  fact  which  is  in 
accordance  with  all  the  experiments  (9,  IS,  7S,  74,  75, 76, 
&c),  as  well  as  with  theoretical  considerations*,  that  'when 
the  circuit  is  broken  by  a  cup  of  mercury  ^  the  rate  of  the  diminur 
tion  of  the  current^  within  certain  limits,  remains  the  same, 
hcftx>ever  the  intensity  of  the  electricity  or  the  length  of  the  cofi- 
ductor  may  be  varied. 

Fig.  18. 
B  C 


A       •       b  c  D 

70.  The  several  conditions  of  the  foregoing  examples  are 
exhibited  by  the  parts  of  the  curves,  figs.  18  and  19.     The 

•  See  the  theory  of  Ohm.— Taylor's  Scientific  Menaoin,  vol.  I.  p.  31«, 
511,  sod  vol.  u.  p.  401.  ^ 
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gradual  development  of  the  current  in  the  short  conductor, 
with  a  single  battery,  and  the  gradual  decline  of  the  same, 
are  represented  by  the  gentle  rise  of  A  B  and  fall  of  C  D, 
fig.  18;  while,  in  the  next  fig.  (19.),  the  sudden  rise  of  A  B 
indicates  the  intensity  which  produces  the  increased  shock, 
after  the  number  of  elements  of  the  battery  has  been  increased. 
The  accumulation  of  the  electricity,  which  almost  instantly 
subsides,  is  represented  by  the  part  Bee,  fig.  19;  and  from 
this  we  see,  at  once,  that  although  the  shock  is  increased  by 
using  the  compound  battery,  yet  the  needle  of  the  galvano- 
meter will  be  deflected  only  to  the  same  number  of  degrees, 
since  the  parts  Be  and  ce  give  inductive  actions  in  contrary 
directions,  and  both  within  the  time  of  a  single  swing  of  the 
needle,  and,  consequently,  will  neutralize  each  other.  Ilie 
resulting  deflecting  force  will,  therefore,  be  represented  by 
ef^  which  is  equal  to  C  it,  or  to  6  B,  in  fig.  18. 


Fig.  19. 


The  intensity  of  the  shock  at  the  breaking  is  represented 
as  being  the  same  in  the  two  figures,  by  the  similarity  of  the 
rate  of  descent  of  the  part  C  D  of  the  curve  in  each. 

71.  We  have  said  (69.)  that  the  quantity  of  current  elec- 
tricity in  a  short  conductor  and  a  compound  battery,  after  the 
first  discharge,  is  nearly  the  same  as  with  a  single  battery. 
The  exact  Quantity,  according  to  the  theory  of  Ohm,  in  a 
unit  of  lengtn  of  the  conductor,  is  given  by  the  formula 

wA 
rn  +  R' 

In  this  n  represents  the  number  of  elements;  A,  the  elec- 
tromotive force  of  one  element ;  r,  the  resistance  to  conduc- 
tion of  one  element ;  and  R,  the  length  of  the  conductor,  or 
rather  its  resistance  to  conduction  in  terms  of  r.  Now,  when 
R  is  very  small,  in  reference  to  r  n,  as  is  the  case  with  a  very 
short  metallic  conductor,  it  may  be  neglected,  and  then  the 
expression  becomes 

«A       A 

or  — ; 

rn  r 

and  since  this  expresses  the  quantity  of  current  electricity  in 
a  unit  of  the  length  of  the  circuit,  with  either  a  single  or  a 
compound  battery,  therefore,  with  a  short  conductor^  the  quan- 
tity of  current  electricity  in  the  two  cases  is  nearly  the  same. 
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72.  Let  us  next  return  to  the  experiment  with  a  battery 
of  a  single  element  (GS.)^  &nd  instead  of  increasing  the  in* 
tensity  of  the  apparatus,  as  in  the  last  example,  let  the  length 
of  the  conductor  be  increased;  then  the  intensity  of  the 
shock  at  the  beginning  of  the  current,  as  we  have  seen  (14.)) 
will  be  diminished,  while  that  of  the  one  at  the  ending  will  be 
increased.  That  the  shock  should  be  lessened  at  the  begin-* 
ning,  by  increasing  the  length  of  the  conductor,  is  not  sur- 
prising, since,  as  we  might  suppose,  the  increased  resistance 
to  conduction  would  diminish  therapidity  of  the  development 
of  the  current.  But  the  secondary  current,  which  is  pro* 
duced  in  the  conductor  of  the  primary  current  itself,  as  we  nave 
seen  (19.)9  is  the  principal  cause  which  lessens  die  intensity 
of  the  shock,  and  the  effect  of  this,  as  will  be  shown  hereafter, 
may  also  be  inferred  from  the  principles  we  have  adopted. 

73.  The  explanation  of  the  increased  shock  at  the  moment 
of  breaking  the  circuit  with  the  long  conductor,  rests  on 
the  assumption  before  mentioned  (69.)9  that  the  velocity  of  the 
diminution  of  a  current  is  nearly  the  same  in  the  case  of  a 
long  conductor  as  in  that  of  a  short  one.  But,  to  understand 
the  application  of  this  principle  more  minutely,  we  must  refer 
to  the  change  which  takes  place  in  the  quantity  of  the  current 
in  the  conductor  by  varying  its  length;  and  this  will  be  given 
by  another  application  of  the  formula  before  stated  (71. )• 
This,  in  the  case  of  a  single  battery,  in  which  n  equals  unity, 
becomes 

and  since  this,  as  will  be  recollected,  represents  the  quantity 
of  current  electricity  in  a  unit  of  length ;  of  the  conductor,  we 
readily  infer  from  it  that,  by  increasing  the  length  of  the  con- 
ductor, or  the  value  of  R,  the  quantity  of  current  in  a  unit  of 
the  length  is  lessened.  And  if  the  resistance  of  a  unit  of  the 
length  of  the  conductor  were  very  great  in  comparison  with 
that  of  r  (the  resistance  of  one  element  of  the  battery),  then 
the  formula  would  become 

A 

R' 

or  the  quantity  in  a  single  unit  of  the  conductor  would  be  in- 
versely  as  its  entire  length,  and  hence  the  amount  of  current 
electricity  in  the  whole  conductor  would  be  a  constant  quan- 
tity, whatever  might  be  its  length.  This,  however,  can  never 
be  the  case  in  any  of  our  experiments,  since  in  no  instance  is 
the  resistance  of  R  very  great  in  reference  to  r,  and  therefore, 
according  to  the  formula  (73.),  the  whole  quantity  of  current 
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electricity  in  a  long  conductor  is  always  somewhat  greate 
in  a  short  one. 

74.  Let  us,  however,  in  order  to  simplify  the  condlti 
the  induction  at  the  ending  of  a  current,  snppose  th 
quantity  in  a  unit  of  the  conductor  is  inversely  as  its 
length,  or,  in  other  words,  that  the  quantity  of  curren 
tricity  is  the  same  in  a  long  conductor  as  in  a  short  on< 
let  us  also  suppose,  for  an  example,  that  the  length  of  the 
conductor,  fig.  3,  was  increased  from  one  spire  to  1 
spires ;  then,  if  the  velocity  of  the  diminution  of  the  sec 
the  current  is  the  same  (69.)  in  the  long  conductor  as 
short  one,  the  shock  which  would  be  received  by  subn 
the  helix  to  the  action  of  one  spire  of  the  long  coil  woi 
nearly  of  the  same  intensity  as  that  from  one  spire  of  the 
conductor;  the  quantity  of  induction,  however,  as  sho 
the  galvanometer,  should  be  nearly  twenty  times  les£ 
these  inferences  I  have  found  in  accordance  with  tl 
suits  of  experiments  (75.).  If,  however,  instead  of  placi 
helix  on  one  spire  of  the  long  conductor,  it  be  submil 
once  to  the  influence  of  all  the  twenty  spires,  then  the 
sity  of  the  shock  should  be  twenty  times  greater,  since  ( 
times  the  quantity  of  current  electricity  collapses,  if  w< 
be  allowed  the  expression,  in  the  same  time,  and  exerts  a 
all  its  influence  on  the  helix.  If,  in  addition  to  this,  v 
the  consideration,  that  the  whole  quantity  of  current  elec 
in  a  long  conductor  is  greater  than  that  in  a  short  one 
we  shall  have  a  further  reason  for  the  increase  of  the  tei 
shock,  when  we  increase  the  length  of  the  battery  cond 

75.  The  inference  given  in  the  last  | 
the  change  in  the  quantity  of  the  induct! 
tensity  of  the  shock  from  a  single  spii 
whole  length  of  the  conductor,  is  shown 
ing  the  experiment  described  in  paragra| 
have  seen,  the  intensity  of  the  shock  rei 
though  the  length  of  the  circuit  was  incr 
of  coil  No.  2.  When,  however,  the  g 
ployed  in  the  same  arrangement,  the  ) 

duction,  as  indicated  by  the  deflection  of  the  needle,  m 
minished  almost  in  proportion  to  the  increased  length  < 
circuit.  I  was  led  to  make  this  addition  to  the  expei 
(13.)  by  my  present  views. 

76.  The  explanation  given  in  paragraph  74  also  in< 
that  of  the  peculiar  action  of  a  long  conductor,  either 
or  extended,  in  giving  shocks  and  sparks  from  a  batter 
single  element,  discovered  by  myself  in  1631  (see  Cc 
No.  II.).   The  inductioui  in  this  case,  takes  place  in  thi 


Digitized 


by  Google 


to  Eleclrieify  and  Magnetitm.  507 

ductor  of  the  prinmry  current  itself,  iind  the  secondary  current 
which  is  produced  is  generated  by  the  joint  action  of  each  unit 
of  the  length  of  the  primary  current.  Let  us  suppose,  for  il- 
lustration, that  the  conductor  was  at  first  one  foot  long,  and 
afterwards  increased  to  twenty  feet  In  the  first  case,  because 
the  short  conductor  would  transmit  a  greater  quantity  of  elec- 
tricity, the  secondary  current  produced  by  it  would  be  one  of 
considerable  quantity  or  power  to  deflect  a  galvanometer;  but 
it  would  be  of  feeble  intensity,  for  although  the  primary  cur- 
rent would  collapse  with  its  usual  velocity  (69. )»  yet,  actuig  on 
only  a  foot  of  conducting  matter,  the  effect  (74.)  would  be  feeble. 
In  the  second  case,  each  foot  of  the  twenty  feet  of  the  primary 
current  would  severally  produce  an  inductive  action  of  the  same 
intensity  as  that  of  the  short  conductor,  the  velocity  of  collap- 
sion  being  the  same ;  and  as  they  are  all  at  once  exerted  on  the 
same  conductor,  a  secondary  current  would  result,  of  twenty 
times  the  intensity  of  the  current  in  the  former  case. 

77.  To  render  this  explanation  more  explicit,  it  may  be 
proper  to  mention,  that  a  current  produced  by  an  induction 
on  one  part  of  a  long  conductor  of  uniform  diameter,  must 
exist,  of  the  same  intensity,  in  every  other  part  of  the  con- 
ductor; hence  the  action  of  the  several  units  of  length  of  the 
primary  current  must  enforce  each  other,  and  produce  the 
same  efiect  on  its  own  conductor  that  the  same  current  would 
if  it  were  in  a  coil,  and  acting  on  a  helix.  I  need  scarcely 
add,  that  in  this  case,  as  in  that  given  in  paragraph  74,  the 
whole  amount  of  induction  is  greater  with  the  long  conductor 
than  with  the  short  one,  because  the  quantity  of  current  elec- 
tricity is  greater  in  the  former  than  in  the  latter. 

78*  We  may  next  consider  the  character  of  the  secondary 
current,  in  reference  to  its  action  in  producing  a  tertiary  cur- 
rent in  a  third  conductor.  The  secondary  current  consists, 
as  we  may  suppose,  in  the  disturbance,  for  an  instant,  of  the 
natural  electricity  of  the  metal,  which,  subsiding,  leaves  the 
conductor  again  in  its  natural  state;  and  whether  it  is  pro- 
duced by  the  beginning  or  ending  of  a  primary  current,  its 
nature,  as  we  have  seen  (22.),  is  the  same.  Although  the  time 
of  continuance  of  the  secondary  current  is  very  short,  still  we 
must  suppose  it  to  have  some  duration,  and  that  it  increases, 
by  degrees,  to  a  state  of  maximum  development,  and  then  di- 
minishes to  the  normal  condition  of  the  metal  of  the  conduc- 
tor; the  velocity  of  its  development,  like  that  of  the  primary 
current,  will  depend  on  the  intensity  of  the  action  by  which  it 
18  generated,  and  also,  perhaps,  in  some  degree,  on  the  resist- 
ance of  the  conductor ;  while,  agreeably  to  the  hypothesis  we 
have  assumed  (69.)^  the  velocity  of  its  diminution  is  nearly  a 
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constant  quantity,  and  is  not  affected  by  changes  in  these  < 
ditions ;  hence,  if  we  suppose  the  induction  which  prod 
the  secondary  current  to  be  suflSciently  intense,  the  velocil 
its  development  will  exceed  that  of  its  diminution,  as  in 
example  of  the  primary  current  from  the  intense  sourc 
the  compound  battery  of  many  elements.  Now  this  is 
case  with  the  inductions  which  produce  currents  of  the 
ferent  orders,  capable  of  giving  shocks  or  of  magnetizing  i 
needles :  the  secondary  currents  from  these  are  always  of  i 
siderable  intensity,  and  hence  their  rate  of  development  i 
be  greater  than  that  of  their  diminution ;  and,  consequeJ 
they  may  be  represented  by  a  curve  of  the  form  exhibite 
fig.  20,  in  which  there  is  no  constant  part,  and  in  whict 

steepness  of  A  B  is  gn 
Fig- 20.  than  that  of  BC.    T 

^  are,  however,  other 

—  /T\,.  a.  siderations,  which  wi 

/    I    ^^^'^^^^       noticed    hereafter    ( 

j^     I,  Q  which  may  affect  the  1 

of  the  part  B  C  of 
curve,  fig.  20,  rendering  it  still  more  gradual  in  its  desi 
or,  in  other  words,  which  tend  to  diminish  the  intensity  o\ 
ending  induction  of  the  secondary  current. 

79.  It  will  be  seen  at  once,  by  an  inspection  of  the  ci 
that  the  effect  produced,  in  a  third  conductor,  and  whici 
have  called  a  tertiary  current,  is  not  of  the  same  nature  as 
of  a  secondary  current.  Instead  of  being  a  single  dev< 
ment  in  one  direction,  it  consists  of  two  instantaneous 
rents,  one  produced  by  the  induction  of  A  B,  and  the  oi 
by  that  of  B  C,  in  opposite  directions,  of  equal  quantities, 
of  different  intensities.  The  whole  quantity  of  inductio 
the  two  directions  will  each  be  represented  by  the  ordi 
B  6,  and  hence  thev  will  nearly  neutralize  each  other,  ir 
ference  to  their  action  on  the  galvanometer,  in  the  circt 
the  third  conductor.  I  sav,  they  will  nearly  neutralize 
other,  because,  although  they  are  equal  in  quantity,  the 
not  both  act  in  absolutely  the  same  moment  of  time, 
needle  will,  therefore,  be  slightly  affected :  it  will  be  imp 
in  one  direction,  say  to  the  rights  by  the  induction  of  J 
but  before  it  can  get  fairly  under  way,  it  will  be  arrested, 
turned  in  the  other  direction,  by  the  action  of  B  C.  Thi 
ference  is  in  strict  accordance  with  observation :  the  ne 
as  we  have  seen  (24.),  starts  from  a  state  of  rest,  with  a 
city  which,  apparently,  would  send  it  through  a  large  arc 
before  it  has  reached,  perhaps,  more  than  half  a  degr 
suddenly  stops,  and  turns  in  the  other  direction.     A! 
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needle  is  first  affected  by  the  action  of  A  B,  it  indicates  a  cur* 
rent  in  the  adverse  direction  to  the  secondary  current. 

80.  Although  the  two  inductions  in  the  tertiary  conductor 
nearly  neutralize  each  other,  in  reFerence  to  the  indications  of 
the  galvanometer,  yet  this  is  far  from  being  the  case  with  re- 
gard to  the  shocks,  and  the  magnetization  of  steel  needles. 
These  effects  may  be  considered  as  the  results  alone  of  the 
action  of  A  B ;  the  induction  of  B  C  being  too  feeble  in  inten- 
sity to  produce  a  tertiary  current  of  sufficient  power  to  pene- 
trate the  body,  or  overcome  the  coercive  power  of  the  hard- 
ened steel.  Hence,  in  reference  to  the  shock  and  magneti- 
zation of  the  steel  needle,  we  may  entirely  neglect  the  action 
of  B  C,  and  consider  the  tertiary  excitement  as  a  single  cur- 
rent, produced  by  the  action  of  A  B ;  and,  because  this  is  the 
beginning  induction  {56.)^  the  tertiary  current  must  be  in  an 
opposite  direction  to  the  secondary.  For  a  similar  reason,  a 
current  of  the  third  order  should  produce  in  efiect  a  single 
current  of  the  fourth  order,  in  a  direction  opposite  to  that  of 
the  current  which  produced  it,  and  so  on :  we  have  here,  there- 
fore, a  simple  explanation  of  the  extraordinary  phenomenon 
of  the  alternation  of  the  directions  of  the  currents,  of  the  dif- 
ferent orders,  as  given  in  this  and  the  preceding  paper.  See 
paragraph  25. 

81.  The  operation  of  the  interposed  plate  (32,  4<7, 48,  &c.), 
in  neutralizing  the  shock,  and  not  affecting  the  galvanometer, 
can  also  be  readily  referred  to  the  same  principles.  It  is  cer- 
tain that  an  induced  current  is  produced  in  the  plate  (III.  64.), 
and  that  this  must  react  on  the  secondary  in  the  helix ;  but 
it  should  not  alter  the  total  amount  of  this  current,  since,  for 
example,  at  the  ending  induction,  the  same  quantity  of  cur- 
rent is  added  to  the  helix,  while  the  current  in  the  plate  is 
decreasing,  as  is  subtracted  while  the  same  current  is  increas- 
ing. To  make  this  more  clear,  let  the  inductive  actions  of 
the  interposed  current  be  represented  by  the  parts  of  the 
curve,  fig.  20.  The  induction  represented  by  A  B  will  re- 
act on  the  current  in  the  helix,  and  diminish  its  quantity,  by 
an  amount  represented  by  the  ordinate  b  B ;  but  the  induc- 
tion represented  by  B  C  will  act,  in  the  next  moment,  on  the 
same  current,  and  increase  its  quantity  by  an  equal  amount, 
as  represented  by  the  same  ordinate  Bb;  and  since  both  ac- 
tions take  place  within  a  small  part  of  the  time  of  a  single 
swing  of  the  needle,  the  whole  deflection  will  not  be  altered, 
and  consequently,  as  far  as  the  galvanometer  is  concerned, 
the  interposition  of  the  plate  will  nave  no  perceptible  effect. 

82.  But  the  action  of  the  plate  on  the  shock,  and  on  the 
magnetization  of  tempered  steel,  should  be  very  different; 
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for  although  the  quantity  of  induction  in  the  helix  mi 

be  changed,  yet  its  intensity  may  be  so  reduced,  by  tl 

verse  action  of  the  interposed  current,  as  to  fall  belo' 

degree  which  enables  it  to  penetrate  the  body,  or  ove 

the  coercive  force  of  the  steel.     To  understand  how  thi 

be,  let  us  again  refer,  for  exfimple,  to  the  induction 

takes  place  at  the  ending  of  a  battery  current:  this  wil 

duce,  in  both  the  helix  and  the  plate, 

in  the  direction  of  the  primary  current 

plus;  the  current  in  the  plate  will  react 

to  produce  in  it  two  inductions,  which, 

presented  by  A  B  and  B  C  of  the  cu 

of  these,  A  B,  will  be  an  intense  acti 

direction,  and  will  therefore  tend  to 

action  of  the  primary  current  on  the  he 

will  add  to  the  helix  an  equal  quantity  c 

of  a  much  more  feeble  intensity,  and  hi 

rent  in  the  helix  will  not  be  able  to  p 

shock  will  be  perceived,  or  at  least  a  vi 

phaenomena  of  screening  will  be  exhibi 

83.  When  the  plate  of  metal  is  pU 
ductors  of  the  second  and  third  order 
the  third  and  fourth,  the  action  is  somevt 
the  general  principle  is  the  same.  Lc 
interposed  between  the  second  and  thirc 
helix,  or  third  conductor,  will  be  acted 
two  from  the  secondary  current  and  tv 
the  plate.  The  direction  and  characl 
follows,  on  the  supposition  that  the  dire 
current  is  itself  jE>/tM : 

The  beginning  secondary  .  •  .  intense  and  .  •  •  min 

The  ending  secondary feeble  and  ....  plus 

The  beginning  interposed  .  .  .  intense  and  .  .  .  plus 
The  ending  interposed feeble  and  ....  min 

Now  if  the  action,  on  the  third  conductor,  of  the  fin 
third  of  the  above  inductions  be  equal  in  intensity  and 
tity,  they  will  neutralize  each  other;  and  the  same  wil 
take  place  with  the  action  of  the  second  and  fourth  H 
be  equal,  and  hence,  in  this  case,  neither  shock  nor  mot 
the  needle  of  the  galvanometer  would  be  produced.  If 
inductions  are  not  precisely  equal,  then  only  a  partial  ni 
lization  will  take  place,  and  the  shock  will  only  be  dimir 
in  power;  and,  also,  perhaps,  the  needle  will  be  very  si 
affected. 

84.  If,  in  the  foregoing  exposition,  we  throw  out  of 
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ideratkm  the  actions  of  the  feeble  currents  which  cannot  pass 
he  body,  and,  consequently,  are  not  concerned  in  producing 
he  shoNck,  then  the  same  explanation  will  still  apply  which 
^as  given  in  the  last  paper  (III.  94>.);  namely,  in  the  above 
xample,  the  helix  is  acted  on  by  the  minus  influence  of  the 
econdary,  and  the  plus  influence  of  the  interposed  current. 

85.  We  are  now  prepared  to  consider  the  effect  op  the 
lelix  (fig.  3.)  of  the  induced  currents  produced  in  the  con- 
luctor  of  the  primary  current  itself.  These  are  true  second* 
iry  currents,  and  are  almost  precisely  the  same  in  their  ac- 
ion  as  those  in  the  interposed  plate.  Let  us  first  examine 
he  induced  current  at  the  beginning  of  the  primary,  in  the 
ase  of  a  long  coil  and  a  battery  of  a  single  element ;  its  ac- 
ioQ  on  the  helix  may  be  represented  by  the  parts  of  the  curve, 
ig.  20.  The  first  part,  A  B^  will  produce  an  intense  induo- 
ion  opposite  to  that  of  the  primary  current ;  and  hence  the 
iction  of  the  two  will  tend  to  neutralize  each  other,  and  no 
hock,  or  a  very  feeble  one,  will  be  produced.  The  ending 
action  of  the  same  induced  current,  which  is  represented  by 
i  D,  restores  to  the  helix  the  same  quantity  of  current  elec-* 
ricitv  (but  in  a  feeble  state)  which  was  neutralized  by  AB, 
lod  hence  the  needle  of  the  galvanometer  will  be  a3  much  af* 
ected  as  if  this  current  did  not  exist.  These  inferences  perf- 
ectly agree  with  the  experiment  given  in  paragraph  19.  In 
his,  when  the  ends  of  the  interposed  coil  were  joined  so  a^ 
o  neutralize  the  induced  current  in  the  long  conductor,  the 
hock  at  the  beginning  of  the  primary  current  was  nearly  as 
powerful  as  with  a  short  conductor,  while  the  amount  of  de- 
lection  of  the  galvanometer  was  unaffected  by  joining  the 
nds  of  the  same  coil. 

86.  At  first  sight  it  might  appear  that  any  change  in  the 
pparatus  which  might  tend  to  increase  the  induction  of  the 
primary  current  (16.)  would  also  tend  to  increase,  in  the  same 
legree,  the  adverse  secondary  in  the  same  conductor;  and 
bat  hence  the  neutralization  mentioned  in  the  last  paragraph 
rould  take  place  in  all  cases;  but  we  must  recollect,  that  if  a 
acre  full  current  be  suddenly  formed  in  a  conductor  of  a  given 
bickness,  the  adverse  current  will  not  have,  as  it  were,  as 
luch  space  for  its  development,  and,  therefore,  will  have  less 
lower  in  neutralizing  the  induction  of  the  primary  than  be- 
sre.  But  there  is  another,  and,  perhaps,  a  better  reason,  in 
be  consideration,  that  in  the  case  of  the  increase  of  the  num- 
\er  of  elements  of  the  battery,  although  the  rapidity  of  the 
levelopment  of  the  primary  current  is  greater,  yet  the  in- 
reased  resistance  which  the  secondary  meets  with,  in  its  mo- 
ion  against  the  action  of  the  several  elements,  will  tend  to 
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diminish  its  effect.  Also,  by  diminishing  the  length  of  the 
primary  current,  we  must  diminish  (76.)  the  intensity  of  the 
secondary,  so  that  it  will  meet  with  more  resistance  in  passing 
the  acid  of  the  single  battery,  and  thus  its  effects  be  dimi* 
nished. 

87.  The  action  of  the  secondary  current,  in  the  long  coii 
at  the  ending  of  the  primary  current,  should  also,  at  first 
sight,  produce  the  same  screening  influence  as  the  current  in 
the  interposed  plate;  but,  on  reflection,  it  will  be  perceived 
that  its  action  in  this  respect  must  be  much  more  feeble  than 
that  of  the  similar  current  at  the  beginning;  the  latter  is  pro- 
duced at  the  moment  of  making  contact,  and  hence  it  is  pro- 
pagated in  a  continuous  circuit  of  conducting  matter,  while 
the  other  takes  place  at  the  f-upture  of  the  circuit,  and  must 
therefore  be  rendered  comparatively  feeble  by  being  obliged 
to  pass  through  a  small  portion  of  heated  air;  very  little  e&ct 
is  therefore  produced  on  the  helix  by  this  induction  (19.}. 
The  fact  that  this  current  is  capable  of  giving  intense  shocdu, 
when  the  ends  of  a  long  wire,  which  is  transmitting  a  primary 
current,  are  grasped  at  the  time  of  breaking  the  circuit,  is 
readily  explained,  since,  in  this  case,  the  body  forms,  with  the 
conductor,  a  closed  circuit,  which  permits  the  comparatively 
free  circulation  of  the  induced  current. 

88.  It  will  be  seen  that  I  have  given  a  peculiar  form  to  the 
beginning  and  ending  of  the  curves,  figs.  17,  IS,  &c.  These 
are  intended  to  represent  the  variations  which  may  be  sup- 
posed to  take  place  in  the  rate  of  increase  and  decrease  of  the 
quantity  of  the  current,  even  in  the  case  where  the  contact  is 
made  and  broken  with  mercury.  We  may  suppose,  from  the 
existence  of  analogous  phaenomena  in  magnetism,  heat,  &c., 
that  the  development  of  the  current  woula  be  more  rapid  at 
first  than  when  it  approximates  what  may  be  called  the  state 
of  current  saturation,  or  when  the  current  has  reached  more 
nearly  the  limit  of  capacity  of  conduction  of  the  metal.  Also, 
the  decline  of  the  current  may  be  supposed  to  be  more  n^>id 
at  the  first  moment  than  after  it  has  lost  somewhat  of  its  in- 
tensity, or  sunk  more  nearly  to  its  normal  state.  These  varia* 
tions  are  indicated  by  the  rapid  rise  of  the  curve,  fig.  17,  from 
A  tog,  and  the  more  gradual  increase  of  the  ordinates  from  A 
to  B ;  and  by  the  rapid  diminution  of  the  ordinates  between 
C  and  /,  and  the  gradual  decrease  of  those  towards  the  end  of 
the  curve. 

89.  These  more  minute  considerations,  relative  to  the  form 
of  the  curve,  will  enable  us  to  conceive  how  the  time  of  the 
ending  of  the  secondary  current,  as  we  have  suggested  (78.), 
may  be  prolonged  beyond  that  of  the  natural  subsidence  of 
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he  disturbance  of  the  electricity  of  the  conductor  on  which 
his  current  depends.  If  the  development  of  the  primary  cur- 
ent  is  produced  by  equal  increments  in  equal  times,  as  would 
le  the  case  in  plunging  the  battery  (59.)  mto  the  acid  with  a 
miform  velocity,  then  the  part  A  B  of  the  curve  fig.  17  would 
le  a  straight  line,  and  the  resulting  secondary  current,  afler 
he  first  instant,  would  be  one  of  constant  quantity  during 
learly  the  whole  time  represented  by  A  c ;  but  if  the  rate  of 
he  development  of  the  primary  current  be  supposed  to  vary 
n  accordance  with  the  views  we  have  given  in  the  last  pai'a« 
;rapb,  then  the  quantity  of  the  secondary  current  will  begin 
!>  decline  before  the  termination  of  the  induction,  or  as  soon 
s  the  increments  of  the  primary  begin  to  diminish ;  and  hence 
lie  whole  time  of  the  subsidence  of  the  secondary  will  be  pro- 
)nged,  or  the  length  of  b  C,  fig.  20,  will  be  increased,  (he 
escent  of  B  C  be  more  gradual,  and  the  intensity  of  the  end- 
ig  induction  of  the  secondary  current  be  diminished  (see 
ist  part  of  paragraph  78.). 

90.  Besides  the  considerations  we  have  mentioned  (88.), 
lereare  others  of  a  more  obvious  character,  which  would  also 
ppear  to  affect  the  form  of  particular  parts  of  the  curve.  And 
rst  we  might  perhaps  make  a  slight  correction  in  the  drawing 
f  figs.  17,  18,  &c.,  at  the  point  A,  in  consideration  of  the 
ict  niat  the  venr  first  contact  of  the  end  of  the  conductor  with 
16  surface  of  the  mercury  is  formed  by  a  point  of  the  metal, 
nd  hence  the  increment  of  development  should  be  a  little  less 
ipid  at  the  first  moment  than  after  the  contact  has  become 
ir^er;  or  in  other  words,  the  curve  should  perhaps  start  a 
ttle  less  abruptly  from  the  axis  at  the  point  A.  Also  Dr. 
^age  has  stated^  that  he  finds  the  shock  increased  by  spread- 
ig  a  stratum  of  oil  over  the  surface  of  the  mercury ;  in  this 
ise  it  is  probable  that  the  termination  of  the  current  is  more 
idden,  on  account  of  the  prevention  of  the  combustion  of  the 
letal  by  means  of  the  oil,  and  the  fact  that  the  end  of  the  con- 
uctor  is  drawn  up  into  a  non-conducting  medium. 

91 .  The  time  of  the  subsidence  of  the  current,  when  the  cir- 
lit  is  broken  by  means  of  a  surface  of  mercury,  is  very  small, 
fid  probably  does  not  exceed  the  ten  thousandth  part  of  a  se- 
>nd ;  but  even  this  is  an  appreciable  duration,  since  I  find  that 
le  spark  at  the  ending  presents  the  appearance  of  a  band  of 
;ht  of  considerable  length,  when  viewed  in  a  mirror  revol- 
ng  at  Uie  rate  of  six  hundred  times  in  a  second ;  and  I  think 
le  variations  in  the  time  of  ending  of  the  current  under  dif- 
rent  conditions  may  be  detected  by  means  of  this  instrument. 

92.  Before  concluding  this  communication,  I  should  state 

*  Sillitnan's  Journal. 
Ail.  Mag.  S.  3.  Vol.  18.  No.  119.  June  1841.  2  L 
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that  I  have  made  a  number  of  attempts  to  verify  the  sugees 
tion  given  in  my  last  paper  (III.  127.)>  that  an  inverse  iodac 
tion  is  produced  by  a  galvanic  current  by  a  change  iu  the  di* 
stance  of  the  conductors,  but  without  success.  These  attempts 
were  made  before  I  had  adopted  the  views  given  in  this  sec* 
tioni  and  since  then  I  have  found  (80.)  a  more  simple  expla* 
nation  of  the  alternation  of  the  currents. 

9S*  In  this  Number  of  my  Contributions,  the  pheenomeoa 
exhibited  by  the  galvanic  apparatus  have  alone  been  discussed. 
I  have,  however,  made  a  series  of  experiments  on  the  induc- 
tion from  ordinarjr  electricity,  and  the  reaction  of  soil  ircm  on 
currents,  and  I  think  that  the  results  of  these  can  also  be  re- 
ferred to  the  simple  principles  adopted  in  this  paper;  but  they 
reouire  further  examination  before  submitting  them  to  the 
puolic. 
[Prof.  Heniy's  drd  Series  appeared  in  L.  &  E.  Phil.  Mag.  vol.  xvi.  p.  200]. 

LXXVII.  Correction  of  an  Error  in  Prof  Dove's  Z^etier  on 
the  Law  qf  Storms.    By  Sir  David  Brewsteb,  KLH. 

To  Richard  Taylor^  Esq. 
Dear  Sir, 
I  OBSERVE  in  the  PhUosophical  Magazine  for  November 
^   1840,  a  letter  addressed  to  you  on  tne  Law  of  Storms, 
which  contains  the  following  passage : — 

*^  In  an  article  upon  Lieut-Colonel  Reid's  law  of  storms 
in  the  Eklinburgh  Review,  I  find  my  meteorological  researches 
again  alluded  to,  but  upon  a  distinct  ground.  The  anony- 
mous Reviewer,  in  his  patriotic  anxiety  to  satisfy  his  readers 
of  the  purely  British  growth  of  this  theory,  allows  that  some 
remarkable  passages  upon  the  subject  had  previously  appeared 
in  the  memoirs  of  the  Berlin  Professor,  but  that  these  are 
mere  ingenious  speculations,ybr  they  are  no  more.  The  term 
passage^  for  a  memoir  (on  barometric  minima)  of  seven- 
teen closely  printed  pages,  strikes  me  as  a  little  extraordinary, 
but  perhaps  this  arises  from  my  imperfect  acquaintance  with 
the  nice  distinctions  of  your  language.  I  leave  it  to  my  £n- 
fflish  readers  to  determine,  with  what  degree  of  justice  results 
deduced  from  a  greater  number  of  contemporary  observations, 
than  (as  I  believe)  had  ever  previously  or  have  even  since  been 
brought  together,  can  be  represented  as  no  more  than  ingeni- 
ous speculations," 

As  the  article  on  General  Reid's  law  of  storms  in  the 
Edinburgh  Review  was  written  by  me,  I  feel  it  necessary  to 
state  that  Professor  Dov^s  name  is  not  even  once  mentioned  in 
that  RevieWf  nor  his  labours  in  any  way  referred  to. 

Had  I  been  disposed  to  enter  into  any  discussion  respecting 
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le  earliest  diaooverv  of  tbe  rotatory  character  of  storms,  I 
lould  certainly  not  have  awarded  the  honour  to  Prof.  Dove, 
It  to  the  late  Colonel  James  Capper,  of  the  East  India 
ompan^s  service.  We  agree  with  General  Reid  in  giving 
le  merit  of  first  suggesting  the  theory  to  Colonel  Capper; 
It  we  must  at  the  same  time  claim  for  Mr.  Redfield  the 
'eater  honour  of  having  fully  investigated  the  subject,  and, 
>parently,  established  the  theory  upon  an  impregnable  basis. 
I  am,  dear  Sir,  ever  yours, 

D.  Brewstbr. 
St.  Leonard's,  St.  Andrew's,  May  15tb,  1841. 

LXXVIIL     Proceedings  of  Learned  Societies. 

CHEMICAL  SOCIETY  OP  LONDON. 

pril  13,  riiHE  following  papers  were  read : — 

1841.  X  1.  "On  the  Preparation  and  Formation  of  Yellow 
russiate  of  Potash,"  by  Professor  Liebig. 

In  order  to  explain  the  reaction  between  animal  matters  and  carbon* 
e  of  potash,  when  fused  together  at  a  red  heat,  which  gives  rise  to  this 
it,  it  is  necessary  to  keep  in  mind  the  following  properties  of  the  salt : 
r^hen  heated  to  redness  in  a  close  vessel,  ferrocyanide  of  potassium 

decomposed  into  cyanide  of  potassium,  carburet  of  iron  and  nitro- 
m  gas;  that  is,  looking  upon  the  ferrocyanide  of  potassium  as  a 
)uble  cyanide,  the  cyanide  of  iron  is  .converted  into  carburet  of 
on  and  nitrogen  gas,  while  the  cyanide  of  potassium  escapes  de- 
>mposition.  The  cyanides  of  metals  in  general  which  can  combine 
ith  carbon,  are  decomposed  in  the  same  way  as  the  cyanide  of  iron ; 
lus  the  cyanide  of  silver  when  heated  gives  at  first  a  little  cyaoo- 
en,  but  afterwards  it  fuses,  and  glowing  suddenly,  gives  nitrogen 
IS,  the  carbon  remaining  in  combination  with  the  silver.  The 
Idition  of  carbonate  of  potash  to  the  heated  ferrocyanide  of  potaa- 
um  prevents  the  decomposition  of  any  cyanogen,  cyanide  of  potas- 
om  being  then  formed,  together  with  oxide  of  iron ;  and  when 
larcoal  forms  a  third  ingr^ient  of  the  fused  mixture,  the  oxide  of 
on  is  reduced  to  the  metallic  state.  Hence  ferrocyanide  of  potas- 
um  cannot  be  supposed  ready  formed  in  the  red-hot  mixture  of 
le  iron  pot  in  which  it  is  manufactured,  that  mixture  containing 
[>th  charcoal  and  carbonate  of  potash. 

A  general  view  is  then  taken  of  the  process  of  manufacture  of 
lis  salt.  Animal  substances,  such  as  dried  blood,  horn,  hoofs,  and 
ristles,  vrith  common  pearlashes,  are  the  materials  employed.  The 
limal  matter  is  used  either  in  its  natural  state,  or  it  is  previously 
ibmitted  to  distillation,  as  in  the  preparation  of  ammonia,  and  the 
isidual  charcoal  merely  employed  for  the  manufacture  of  the  prus* 
ate*  The  projection  of  animal  matter  into  the  melted  potash  oc- 
isions  a  lively  effervescence,  from  the  evolution  of  carbonic  add 
id  some  combustible  gases.  The  liquid  is  stirred  after  each  addi« 
on  of  the  materials.    The  usual  proportions  employed  are  equal 
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parts  of  pearlashes  and  animal  matter,  or  ten  parts  of  the  former 
and  eight  parts  of  carbonized  animal  matter.  Three  or  four  per 
cent  of  iron  filings  are  usually  added  to  the  mixture.  After  each 
addition  of  animal  matter  the  heat  b  urged  until  the  whole  is  fused, 
and  the  melted  material,  which  is  of  a  thick  consistence,  is  not  re- 
moved from  the  pot  until  the  charcoal  is  seen  to  be  equally  diffused 
through  the  whole  mass.  The  mass,  after  cooling,  is  placed  in  an 
iron  pan  filled  with  water,  the  clear  liquid  after  a  time  drawn  off*, 
and  water  boiled  several  times  on  the  insoluble  residue.  The  liquids 
are  evaporated  for  crystallizing  the  salt  at  a  temperature  not  exceed- 
ing 203°  Fahr.  The  formation  of  prussiate  takes  place  after  the 
solution  of  the  melted  mass,  by  the  action  of  the  matters  dissolved 
upon  the  insoluble  residue ;  for  this  melted  mass  yields  nothing  but 
cyanide  of  potassium  to  alcohol,  and  contains  no  prussiate.  In  ex- 
planation of  the  formation  of  cyanide  of  potassium  in  the  melted 
mass,  it  is  stated  that  metallic  potassium  reladily  produces  that  salt 
when  fused  with  calcined  blood,  disengaging  at  the  same  time  a 
considerable  quantity  of  charcoal ;  the  proportion  of  nitrogen  to 
carbon,  in  cyanogen,  being  one  equivalent  of  the  first  to  two  of  the 
last,  while  in  blood,  hair,  and  horn,  the  proportion  is  1  to  6.  Now 
when  these  animal  matters  are  fused  at  a  high  temperature  with 
potash,  the  free  charcoal  reduces  the  potash  to  the  state  of  potas- 
sium ;  the  latter  then  acts  upon  the  azotized  carbonaceous  matter, 
forming  cyanogen,  with  which  it  unites.  A  second  mode  in  which 
cyanide  of  potassium  is  produced,  is  when  aramoniacal  gas  is  con- 
ducted over  a  mixture  of  carbonate  of  potash  and  charcoal  at  a  red 
heat.  This  is  accounted  for  by  the  action  of  ammonia  upon  char- 
coal alone  at  a  red  heat ;  the  gas  b  entirely  converted  into  hydro* 
cyanic  acid  and  hydrogen  (N  H3  and  2C  =  H,  N  C^  and  2H). 
Now  hydrocyanic  acid  decomposes  carbonate  of  potash  at  a  red 
heat,  forming  cyanide  of  potassium.  Hence  the  product  of  cyanide 
of  potassium  is  most  considerable  when  the  animal  matter  is  used  in 
its  natural  state,  and  not  previously  carbonized,  a  fact  of  which  the 
manufacturers  of  prussiate  of  potash  have  long  been  aware  from 
experience.  To  account  for  the  subsequent  conversion  of  the 
cyanide  of  potassium  in  the  process  into  prussiate,  it  is  abso- 
lutely necessary  that  iron  exist  in  the  lused  mass;  but  it  may 
indifferently  be  in  the  condition  of  metallic  iron,  the  protosulphuret 
or  the  protoxide  of  iron.  The  first  is  readily  dissolved  by  a 
solution  of  cyanide  of  potassium  with  evolution  of  hydrogen  gas 
(3K  Cy  with  H  O  and  Fe  =  2K  Cy,  Fe  Cy  and  K  O  and  H)  ;  the 
second  with  the  formation  of  sulphuret  of  potassium,  and  the  third 
with  that  of  caustic  potash.  When  the  iron  is  added  in  the  state  of 
protosulphate  to  a  solution  of  cyanide  of  potassium,  one-third  of  the 
latter  salt  becomes  cyanide  of  iron  (a  brown  insoluble  matter), 
which  is  dissolved  by  the  other  two-thirds  of  the  alkaline  cyanide, 
and  the  ferrocyanide  formed.  These  processes  are  not  altered  in 
the  slightest  degree  by  mixing  caustic  potash  or  its  carbonate,  or 
the  sulphuret  of  potassium,  with  the  solution  of  cyanide  of  potas- 
sium.    Much  of  the  iron  necessary,  it  is  well  known,  is  derived  from 
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the  corrosion  of  the  iron  pot  in  which  the  fusion  is  conducted. 
Professor  Liebig  assigns  an  important  place  to  the  sulphur  of  the 
sulphate  of  potash,  usually  present  to  the  extent  of  12  or  16  per 
cent,  in  pearlashes,  in  effecting  this  corrosion.  In  the  decomposi- 
tion of  the  sulphate  of  potash  by  charcoal,  bisulphuret  of  potassium 
is  formed,  and  carbonate  of  potash.  Thus, 
2S O3  +  2K  O  and  4C  =  K  S^  and  K  O,  C  O2  with  2C  O^  and  C  O. 

The  bisulphuret  of  iron  assumes  an  atom  of  iron,  either  from  the 
sides  of  the  iron  vessel  or  from  iron  filings  which  are  added ;  the 
double  sulphuret  thus  formed  is  very  fusible,  and  will  consequently 
be  equally  diffused  through  the  melted  mass. 

The  deficiency  of  product  which  frequently  occurs  in  the  manu- 
facture of  prussiate  of  potash  is  ascribed  principally  to  two  causes : 
1st,  to  the  want  of  iron  in  the  fused  mass.  The  cyanide  of  potas- 
sium is  then,  instead  of  being  converted  into  ferrocyanide  when 
thrown  into  water,  decomposed  by  the  free  caustic  potash  when  heat 
is  applied  to  its  solution.  Uniting  with  the  elements  of  water,  its 
cyanogen  is  converted  into  formic  acid  and  ammonia : 

NC3,  K  and  4H0  =  C^  HO3  +  KO  and  NH3. 
This  destruction  of  the  cyanide  may  be  avoided  by  adding  iron  o"" 
its  sulphuret  to  the  ley,  or  better,  the  protosulphate  of  iron.  Another 
cause  of  loss  of  cyanide  in  the  pot  itself  is  pointed  out  The  bisul- 
phuret of  potassium  yields  sulphur  to  the  cyanide  of  potassium,  and 
converts  the  latter  into  sulphocyanide  of  potassium.  But  if  the 
mixture  contain  a  quantity  of  iron  sufiicient  to  unite  with  all  the 
sulphur,  the  formation  of  sulphocyanide  will  be  prevented.  Indeed, 
sulphocyanide  of  potassium  itself  is  decomposed  by  iron  at  a  high 
temperature,  and  resolved  into  sulphuret  of  iron  and  cyanide  of 
potassium.  It  is  thus  seen  that,  by  increasing  the  proportion  of  iron, 
the  formation  of  sulphocyanide  is  at  once  prevented,  and  sulphuret 
of  iron  offered  in  quantity  more  than  sufiicient  for  its  solution  after- 
wards bv  the  cyanide  of  potassium.  The  quantity  of  iron  necessary 
to  add  m  the  fusion  varies  from  12  to  20  per  cent,  with  the  pro- 
portion of  sulphate  of  potash  in  the  potashes  used.  If  a  sulpho- 
cyanide appears  in  the  mother  liquors,  the  proportion  of  iron  must 
be  increased.  The  only  remaining  condition  for  the  formation  of 
ferrocyanide  of  potassium,  is  the  complete  exclusion  of  air  during 
the  fusion.  Cyanide  of  potassium  cannot  be  kept  in  fusion  exposed 
to  air  without  absorbing  oxygen,  and  being  converted  into  cyanate 
of  potash ;  hence  the  advantage  which  English  manufacturers  de- 
rive from  effecting  this  fusion  in  close  vessels.  Cyanate  of  potash 
may  also  be  produced  by  the  action  of  cyanide  of  potassium  upon 
the  sulphate  of  potash  existing  in  the  potashes,  sulphuret  of  potas- 
sium being  at  the  same  time  formed.  Now  cyanate  of  potash  is 
decomposed,  by  the  application  of  heat  to  its  solution,  into  carbonate 
of  potash  and  ammonia.  The  ammonia  which  escapes  during  the 
evaporation  of  the  ley  may  therefore  come  from  this  source  as  well 
as  from  the  decomposition  of  cyanide  of  potassium  by  potash,  already 
adverted  to* 
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of  caustic  potash  is  substituted  in  this  process  for  the  carbonate,  the 
absorption  of  chlorine  proceeds  without  interruption ;  but  the  liquid 
when  saturated  bleaches  strongly  from  hypochlorite  formed.  A 
long-continued  boiling  is  required  to  destroy  this  property  com- 
pletely, and  as  oxygen  escapes,  the  chlorate  obtained  must  be  de- 
ficient in, quantity  in  a  corresponding  proportion.  The  process 
which  the  author  recommends,  and  which  is  attended  wiUi  none 
of  these  inconveniences,  consists  in  mixing  carbonate  of  potash  inti- 
mately with  an  equivalent  quantity  of  dry  hydrate  of  lime,  and  ex- 
posing the  mixture  to  chlorine  gas.  This  mixture,  although  quite 
dry,  absorbs  the  gas  with  prodigious  energy,  the  temperature  rises 
much  above  212  ,  and  water  is  freely  evolved.  When  saturated  it 
may  be  moderately  heated,  which  destroys  a  mere  trace  of  hypo- 
chlorite it  contains.  The  whole  lime  is  found  in  the  state  of  car- 
bonate, and  the  potash  as  chlorate  and  chloride  of  potassium.  The 
solution  of  the  two  latter  salts  is  neutral,  without  any  bleaching 
property,  and  free  from  lime.  The  chlorate  of  potash  may  be 
crystaUlzed  from  it  in  the  usual  way.  Carbonate  of  potash,  when 
moistened  and  exposed  to  chlorine,  without  the  hydrate  of  lime,  ab- 
sorbs the  gas  with  great  avidity,  and  certainly  answers  better  than 
a  strong  solution  of  the  same  salt;  but  the  absorption  becomes 
slow  after  the  salt  is  in  the  state  of  bicarbonate,  and  subsequently  a 
large  quantity  of  the  bleaching  hypochlorite  of  potash  is  produced. 
In  the  new  process  described  above,  there  is  no  reason  to  believe 
that  the  carbonate  of  potash  is  decomposed  by  the  dry  hydrate  of 
lime  till  the  chlorine  is  presented  to  the  mixture ;  then,  while  the 
lime  attracts  the  carbonic  acid,  the  chlorine  acts  simultaneously 
upon  the  potash,  and  the  carbonate  of  potash  b  thus  readily  decom- 
posed. The  same  principle  of  calling  in  a  secondary  agency  to 
promote  combination  may  be  taken  advantage  of  in  many  other 
cases.  One  of  these,  of  some  interest,  is  the  promotion  of  the  ab- 
sorption of  sulphuretted  hydrogen  by  hydrate  of  lime,  through  the 
influence  of  other  salts.  Thus  hydrate  of  lime,  dry  or  slightly 
damped,  ceases  to  absorb  sulphuretted  hydrogen  long  before  it  is 
saturated  with  that  gas ;  but  if  mixed  with  an  equivalent  of  hydrated 
sulphate  of  soda,  the  absorption  takes  place  with  greatly  increased 
avidity,  and  goes  on  till  two  equivalents  of  sulphuretted  hydrogen 
are  taken  up  for  one  equivalent  of  lime.  But  here,  with  the  assist- 
ance of  sulphuretted  hydrogen,  the  hydrate  of  lime  decomposes  the 
sulphate  of  soda,  sulphate  of  lime  being  formed,  while  caustic  soda 
combines  with  the  sulphuretted  hydrogen. 

The  author  has  found  that  the  last  mixture  may  be  applied  with 
advantage,  from  its  great  absorbing  power,  in  purifying  coal-gas, 
where  the  highest  degree  of  purification  is  desirable,  and  where  the 
products,  sulphate  of  lime  and  hydrosulphuret  of  sulphuret  of  sodium, 
can  be  cBconomically  applied.  He  recommends  it  to  be  introduced 
into  the  last  of  the  dry  lime-purifiers. 

5.  An  extract  from  a  letter  from  OUive  Sims,  Esq.,  Shelton,  Stafibrd- 
shire  Potteries,  was  read,  announcing  a  eonsiderable.and  very  accessi- 
ble source  of  the  hitherto  very  rare  mineral,  phosphate  of  yttria. 
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The  crushed  cobalt  ore,  from  Johannisberg  in  Sweden,  whc 
verted  into  zafFre,  or  dissolved  by  acids,  leaves  a  yellowish  n 
in  crystalline  grains,  in  the  proportion  of  about  one  pound  ai 
pois  from  one  thousand  pounds  of  ore.  This  mineral  is  the 
phate  of  yttria.  It  may  be  decomposed  by  fusion  with  a 
carbonates,  or  by  boiling  with  pretty  strong  sulphuric  acid. 

LONDON  ELECTRICAL  SOCIETY. 

May  18th,  1841. — ^The  Secretary  presented  the  Society 
copy  of  the  second  edition  of  his  "  Electrotype  Manipulation 

A  letter  from  Thomas  Pine,  Esq.  was  read,  containing  many 
esting  facts  on  the  power  exercised  by  the  points  of  living  veg< 
in  "  drawing  off"  electricity  from  the  atmosphere.  That  ma: 
portant  functions  in  vegetation  result  from  this,  the  author  con 
^om  the  singular  circumstance  of  dew  being  deposited  only 
apex  of  points  or  leaves.  Apparently  smooth  leaves  are,  wh 
imined  by  a  microscope,  found  studded  with  these  natural  i 
:or8 ;  and,  which  is  still  more  illustrative  of  the  case  in  qu 
)lants  vegetate  with  more  vigour  in  an  electrified  atmosphen 
Arhen  tlie  soil  is  electrified.  This  communication  was  merely  a 
-a]  sketch  of  conclusions  which  the  author  promised  to  illustrat 
Eit  large  on  a  future  occasion. 

Read,  "  Some  general  observations  on  Electrotype  Manipu 
md  on  the  construction  of  a  constant  Acid  Battery."  By  C 
7,  Walker,  Esq.,  Hon.  Sec. 

The  conclusions  adduced  by  th^  author  are  the  results  of  t 
eries  of  experiments,  and  tend  to  generalize  the  subject.  1 
cribes  the  most  advantageous  diaphragms, battery  cells,  and  ma 
or  moulds,  and  speaks  very  much  in  favour  of  a  "  constai 
►attery,"  the  construction  of  which  is  described.  It  is  slow 
Lction,  but  the  deposits  obtained  are  in  every  respect  good 
lattery  can  be  better  fitted  to  deposit  coatings  on  objects. 

CAMBRIDGE   PHILOSOPHICAL   SOCIETY. 

March  22, 1841 . — Professor  Miller  gave  an  account  of  his  ol 
ions  on  supernumerary  rainbows,  made  for  the  purpose  of  com 
he  observed  places  of  the  principal  bows,  and  their  supemume 
vith  their  places  as  computed  by  the  Astronomer  Royal  on  the 
atory  hypothesis.  (Transactions  of  the  Cambridge  Philosophic 
iety,  vol.  vi.  p.  379.)  The  bows  were  formed  in  the  mann< 
mployed  by  M.  Babinet,  by  a  vertical  cylindrical  stream  of 
rhe  incident  light  was  homogeneous,  or  nearly  so.  In  some 
hirty  supernumerary  bows  were  seen  within  the  primary 
wenty-five  exterior  to  the  secondary. 

The  following  table  exhibits  the  observed  radii  of  the  bri 
lart  of  each  principal  bow  and  its  first  and  second  dark  ring 
he  theoretical  radii  of  the  brightest  part  of  each  principal  bo 
ts  second  dark  ring,  computed  from  the  interval  between  the  g 
ical  bow  and  the  observed  place  of  the  first  dark  ring, 
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1 .  Diameter  of  cylinder  of  water  =s  0'0206  inch  ;  index  of  re- 
fraction =  1-3318. 

(Radius  of  geometric  primary  bow  =  42°  15'.) 

Observation.        Theory. 
Radius  of  brightest  part  of  primary  41®  51'-4         41°  45'-4 

Radius  of  first  dark  ring 41      7 

Radius  of  second  dark  ring 40  16  40  14'4 

(Radius  of  geometric  secondary  bow  =  50°  34'.) 
Radius  of  brightest  part  of  secondary  51°  25'         51°  27'-5 

Radius  of  first  dark  ring 52    37 

Radius  of  second  dark  ring 54      7  54  12. 

2.  Diameter  of  cylinder  of  water  =  0*02105  inch;  index  of  re- 
fraction =  1-33464. 

(Radius  of  geometric  primary  bow  =41°  50'-4.) 

Observation.        Theory. 
Radius  of  brightest  part  of  primary. .   41°  27'-7        41°  24'-7 

Radius  of  first  dark  ring 40   51  '4 

Radius  of  second  dark  ring 40     4  *4        40     5'*7 

(Radius  of  geometric  secondary  bow  =  51°  19'). 

Radius  of  brightest  part  of  secondary    51°  57'  52°  5'-3 

Radius  of  first  dark  ring 53     5 

Radius  of  second  dark  ring 54    27*6  54  27 

3.  Diameter  of  cylinder  of  water  =  0-0135  inch;  index  of  re- 
fraction ^  1 '33453.  In  this  series  of  observations  the  values  of 
the  diameter  of  the  cylinder  and  of  the  index  of  refraction  are  rather 
doubtful. 

(Radius  of  geometric  primary  bow  =  41°  52'.) 

Observation.        Theory. 
Radius  of  brightest  part  of  primary       41°  20'        41°  18' 

Radius  of  first  dark  ring 40  33 

Radius  of  second  dark  ring 39  29  39  32 

(Radius  of  geometric  secondary  bow  =  51°  17''5.) 
Radius  of  brightest  part  of  secondary  52°  16'        52°  18''5 

Radius  of  first  dark  ring 53   37 

Radius  of  second  dark  ring 55  31  55    26. 

April  26, 1841 . — Prof.  Challis  read  a  communication  on  the  motion 
of  a  small  sphere  submitted  to  the  dynamical  action  of  the  vibrations  of 
an  elastic  medium.  The  mathematical  reasoning  embraced  terms  in- 
volving the  square  of  the  velocity  of  the  vibrating  medium,  and  the 
principal  conclusion  arrived  at  was,  that  the  motion  of  the  sphere 
consists  partly  of  a  vibratory  motion,  and  partly  of  a  permanent  mo- 
tion of  translation,  the  latter  depending  on  the  terms  which  contain 
the  square  of  the  velocity.  It  was  thought  that  this  result  may  have 
important  applications  in  the  physical  theories  of  light  and  heat. 

The  solution  of  the  above  problem  involves  that  of  another  of  more 
immediate  interest,  viz.  the  determination  of  the  resistance  to  the 
motion  of  a  ball-pendulum  vibrating  in  the  air.  Professor  Challis 
obtains  the  same  coefi^cient  of  resistance  as  in  several  previous  solu- 
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tions  which  he  has  given  of  this  question,  the  terms  inYolvin§ 
square  of  the  velocity  being  found  to  have  no  effect  on  its  valae. 
(Merence  between  his  result  and  that  obtained  by  other  writei 
the  same  question,  is  shown  to  be  entirely  owing  to  his  adopt 
new  principle  in  the  application  of  analysis  to  fluid  motion,  ^ 
may  be  thus  stated.  If  «,  v,  u;  be  the  velocities  resolved  in  th 
rections  of  three  rectangular  axes  of  a  fluid  particle  situated  a 
point  whose  coordinates  are  x,  y,  z,  then,  in  order  that  the  m 
may  admit  of  determination  by  the  integral  of  a  partial  diffen 
equation,  it  is  necessary  to  suppose  that  udx  '\-  vdy  -{-  wdz 
exact  differential  of  a  function  of  jr,  y,  and  z.  This  supposition 
therefore  be  true,  independently  of  the  particular  mode  of  disturl 
and  qf  the  form  of  the  arbitrary  function  by  which  it  is  expit 
The  quantity  in  question  is  an  exact  differential,  for  reasons  d 
from  the  nature  of  curve  surfaces,  and  independently  of  all  tb 
arbitrary,  if  the  variation  of  the  coordinates  from  one  point  to  an 
at  a  given  instant  be  in  the  direction  in  which  the  motion  is  impr 
by  the  arbitrary  disturbance,  and  not  otherwise.  Hence  the  ^ 
tion  of  the  coordinates  in  the  partial  differential  equation  to  \ 
that  supposition  conducts,  must  be  subject  to  the  same  limiU 
It  is  plain  that  this  principle,  if  true,  must  materially  affect  the 
ner  of  treating  many  hydrodynamical  problems,  and  would 
therefore  to  merit  the  attention  of  mathematicians  *. 


GEOLOGICAL  SOCIETY. 

June  10,  1840. — A  notice  of  a  mass  of  trap  in  the  mou 
limestone  on  the  western  extremity  of  Bleadon  Hill,  Somerset 
and  on  the  line  of  the  Bristol  and  Exeter  Railway,  by  the  Re 
WiUiams,  F.G.S. 

This  is  the  first  discovery  of  trap  in  situ  in  the  Mendip  Hills 
Somersetshire,  with  the  exception  of  the  Hestercombe  granite 
scribed  by  Mr.  Horner  t.  and  a  slate  porphyry,  observed  by  Mr. 
liams,  a  little  north  of  Simmon's  birth,  in  £xm'oor.  The  rock  ^ 
in  character  from  a  granular  to  a  porphyritic  and  amygda] 
greenstone.  It  occurs  near  a  line  of  fault,  which  has  brougb 
Has  on  a  level  with  the  carboniferous  limestone ;  and  when  firs 
posed  on  the  eastern  side  of  the  railway  cutting,  it  appeared 
conformably  interstratified  with  the  limestone ;  but  Uie  cuttu 
the  western  side  (the  line  of  railway  ranging  north  and  south 
subsequently  proved  that  the  trap  is  clearly  intrusive,  intersect] 
a  considerable  angle  the  limestone  beds.  On  the  east  side 
trap  is  in  contact  with  the  lias,  but  no  change  appears  to  have 
produced  in  that  formation,  though  the  mountain  limestone  is  s 
to  be  considerably  altered.  The  trap  at  the  lower  part  presei 
broad  bed-like  mass,  but  it  rapidly  diminishes  in  its  upward  o 
through  the  limestone  thinning  away  entirely.  Mr.  Williams  si 
that  the  limestone  appears  to  have  yielded  along  the  line  of  o 

*  [On  the  subject  of  this  communication  see  L.  E.  and  O.  Phil, 
vol.  xvii.  p.  465 :  also  present  voljpp.  132|  3iSl,  and  Mr.Challis's  comi 
cation  in  the  present  Number. — EfoiT.] 

t  GeoL  Trans.,  Ist  Series,  vol.  iii.  p.  348. 
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tilt  iiorth*west  joints.     He  acknowledges  his  obligation  to  Mr. 
Peniaton,  the  resident  engineer,  for  a  correct  section  of  the  cutting. 

A  memoir  descriptive  of  a  "  Series  of  Coloured  Sections  of  the 
Cuttings  on  the  Birmingham  and  Gloucester  Railway,"  by  Hugh 
Edwin  Strickland,  Esq.,  F.G.S. 

The  author  commences  by  expressing  his  regret  at  the  irre- 
ooTcrable  loss,  which  science  has  experienced,  in  full  advantage  not 
having  been  taken  of  the  valuable  geological  information,  which  has 
been  exposed  by  the  railway  cuttings  in  different  parts  of  England 
during  the  last  ten  years ;  and  he  suggests  the  propriety  of  each 
line  ik  railway  being  systematically  surveyed  by  a  competent  ob- 
server, while  the  cuttings  are  in  progress. 

Anxious  to  contribute  towards  so  desirable  an  end,  Mr.  Strickland 
gladly  yielded  to  a  request  made  to  him  by  Captain  Moorsom,  the 
chief  engineer  of  the  Birmingham  and  Gloucester  Railway,  to  un- 
dertake a  geological  survey  of  the  line ;  and  he  expresses  his  obliga* 
tions  to  that  gentleman  and  to  Captain  J.  Vetch  for  the  valuable  as- 
aistance  they  afforded  him.  The  line  was  originally  surveyed  by 
Mr.  Burr,  when  only  the  trial  shafts  had  been  sunk,  and  before  the 
cuttings  were  commenced ;  but  Mr.  Strickland  bears  testimony  to 
the  accuracy  of  the  account  which  Mr.  Burr  laid  before  this  So- 
ciety .-^(Gkol.  Proceedings,  vol.  ii.  p.  693  ;  or  L.  &  £.  Phil.  Mag. 
▼ol.  xii.  p.  573.) 

The  direction  of  the  railway  ranges  nearly  parallel  to  the  strike 
of  the  strata,  and  therefore  intersects  only  the  new  red  sandstone 
and  red  marl,  the  lias,  and  superficial  detritus. 

Nna  red  nndsione  and  red  marl. — ^The  lowest  rock  exposed  be- 
longa  to  the  new  red  or  hunter  sandstone,  resting  on  the  anticlinal 
axis  of  the  Lickey*  ten  miles  south-south-west  of  Birmingham,  and 
one  mile  south  of  the  termination  of  the  altered  rock,  or  lickey 
Quarts  *.  The  sandstone  is  there  thick-bedded,  soft,  and  red,  and 
dips  on  the  western  flank  about  5^  west-south-west,  and  on  the 
eaatem  5°  east-south-east.  In  Grovely  Hill,  on  the  north-east  of 
the  lickey,  it  passes  occasionally  into  a  hard  quartzose  conglome- 
rate with  a  calcareous  paste  f ;  and  at  Finstal,  on  the  south-west  of 
the  Lickey  ridge,  the  upper  portion  of  the  sandstone  is  light-coloured, 
and  contains  obscure  vegetable  impressions,  being  a  prolongation  of 
the  stratum,  with  similar  impressions,  at  Breakback  Hill,  on  the 
weet  of  Bromsgrove  (. 

On  each  side  of  the  lickey,  the  sandstone  is  conformably  overlaid 
by  red  marl*  which  extends  on  the  north-east  to  Birmingham§,  and  on 
the  south-west  to  Stoke  Prior  and  the  neighbourhood  of  Hadnor, 

*  See  Mr.  Murchison's  Silurian  System,  p.  492. 

t  Similar  conglomerates  occur  in  Worcestershire,  Staffordshire,  and 
Warwickshire. — Silur.  Syst.,  p.  42.  Geol.  Trans.,  2nd  Series,  vol.  v.  p.  347. 

{  Geol.  Trans.,  2nd  Series,  vol.  v.  p.  341 ;  Proceedings,  vol.  ii.  p.  564 ; 
[or  L.  and  E.  Phil.  Mag.,  vol.  xi.  p.  319. — Edit.] 

§  The  red  marl  extends  from  Birmingham  along  the  London  railway  as 
far  as  Berkswell,  forming  the  basin,  in  which  occurs  the  lias  outlier  of 
Knowie  south-west  of  Berkswell.  The  true  boundary  of  the  sandstone  and 
marl  in  this  district  has  been  only  recenUy  ascertained;  it  ranges  from 
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mammalia  occur,  and  the  submarine  drift  which  covers  most  parts 
of  the  island*. 

He  divides  the  detritus  into  fluviatile  and  marine ;  and  the  latter, 
according  to  its  origin,  into  local  and  erratic ;  and  this,  according  to 
its  composition,  into  gravel  with  flints  and  without  flints. 

Marine  erratic  gravel  without  flintsf. — Commencing  his  details  with 
the  Birmingham  end  of  the  line,  Mr.  Strickland  shows,  that  these 
accumulations  occur  extensively  on  all  sides  of  that  town,  and  at  in- 
tervals along  the  line  of  the  railway  till  it  approaches  the  valley  of 
the  Avon.  Mammalian  remains  appear  to  be  totally  wanting. 
Chalk  flints  are  so  extremely  rare  in  it  around  Birmingham  as  to 
prove  that  the  materials  were  transported  from  the  north.  At 
Mosely  it  is  upwards  of  80  feet  thick,  and  consists  of  rolled  pebbles, 
rarely  exceeding  4  inches  in  diameter,  of  various  granitic  and 
quartzose  rocks  and  altered  sandstones,  imbedded  in  a  clean  ferru- 
ginous sand ;  and  a  bed  of  sand  30  feet  thick,  without  pebbles, 
occurs  in  the  middle  of  the  gravel.  Between  Cotteridge  and  Wytch- 
all  is  an  erratic  boulder,  or  shapeless  mass  of  porphyritic  trap, 
about  5  feet  by  4,  with  the  angles  slightly  rounded.  At  the  Lickey, 
gravel  analogous  to  that  near  Birmingham,  but  with  a  large  pro- 
portion of  slate  rocks,  attains,  on  the  line  of  the  railway,  a  height  of 
387  feet,  and  at  the  Lickey  Beacon  of  more  than  900  feet.  Sugar's 
Brook  is  the  next  locality  noticed  by  Mr.  Strickland,  but  from  that 
point  no  gravel  occurs  for  sixteen  miles.  Near  Abbot's  Wood  is 
another  extensive  deposit  of  quartzose  gravel  and  ferruginous  sand, 
devoid  of  flints  and  resting  upon  lias. 

.Marine  erratic  gravel  with  flints. — These  accumulations  commence 
immediately  south  of  the  Avon.  The  village  of  Bredon  stands  on  a 
platform,  seventy  feet  above  the  ordinary  level  of  the  Avon,  com- 
posed of  lias  with  an  uneven  surface,  and  capped  with  10  to  15 
feet  of  this  gravel.     It  contains  no  mammalian  remains. 

Fluviatile  gravel, — ^The  only  example  of  this  drift,  on  the  line  of 
the  railway,  occupies  the  two  opposite  flanks  of  the  Avon  at  Defibrd 
and  £ckington,  north  of  Bredon.  At  these  localities  the  surface  is 
a  tabular  platform  which  does  not  exceed  forty-five  feet  above  the 
Avon,  including  a  capping  of  ten  feet  of  gravel  precisely  similar  to 
the  flinty  gravel  of  Bredon,  but  containing  abundance  of  mammalian 
remains.  They  were  chiefly  found  in  the  cutting  north  of  Ecking- 
ton,  at  the  lower  part  of  the  deposit,  and  often  on  the  surface  of 
the  lias  clay ;  and  are  referrible  to  Elephas  primigenius.  Hippopotamus 
major.  Bos  Urus,  and  Cervus  giganteus  }  On  the  north,  or  Deflbrd 
side  of  the  Avon,  the  remains  of  Elephas  primigenius  and  Rhinoceros 
trichorhinus  have  been  obtained.  Associated  with  these  bones  are 
numerous  freshwater  shells,  agreeing  with  those  found  at  Crop- 
thomet;  the  most  abundant  species  being  Cyclas  amnica  and  C. 
cornea.     In  endeavouring  to  account  for  the  presence  of  these  re- 

•  See  Reports  of  the  British  Association,  vol.  vi..  Sessional  Meetings, 
p.  61. 

t  Northern  drift  of  Mr.  Murchison,  Silur.  Syst.,  p.  523. 

X  Silur.  Syst.  p.  555  ;  and  Proceedings,  vol.  ii.  pp.  6  and  95 ;  [or  L. 
and  E.  Phil,  Mag.,  vol.  iv.  p.  148  ;  vol.  v.  p.  297.— Edit.] 
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mains  at  only  one  point  in  the  line  of  the  railway,  Mr*  Stric 
states  that  he  can  offer  no  other  explanation  than  that  pror 
proposed  by  him  *,  namely*  that  after  the  beds  of  marine  gray< 
been  deposited  and  laid  dry  by  the  elevation  of  the  land,  a 
river  or  chain  of  lakes  extended  down  the  valley  of  the  Avoi 
height  varying  from  twenty  to  fifty  feet  above  its  present  a 
and  that  the  gravel  previously  accumulated  by  marine  curreni 
remodified  by  the  river,  and  mixed  up  with  remains  of  maa 
which  tenanted  its  banks,  or  of  moUusca  which  inhabited  its  ^ 

Local  gravel, — This  species  of  detritus  occurs  abundantly  at 
tenham,  and  consists  explustvely  of  detritus  from  the  oolites  ai 
of  the  vicinity.  No  bones  or  terrestrial  remains  have  been  foi 
it ;  and,  therefore,  the  author  assigns  to  it,  in  the  absence  of 
evidence,  a  marine  origin. 

Modem  alluvia. — ^The  only  deposits  of  this  nature  mention 
the  paper,  are  the  peaty  acoumidations  on  the  banks  of  the 
and  its  tributaries. 

The  memoir  was  accompanied  by  a  copy  of  the  Railway  Se 
and  of  the  Tewkesbury  branch,  and  the  junction  branch  fro 
main  line  to  the  London  and  Birmingham  R 
Capt.  Moorsom,  but  coloured  geologically  by  ] 

A  letter  addressed  to  Mr.  Murchiaon  by 
London,  May  11th,  1840. 

Having  read  in  the  instructions  prepared  by 
the  Antarctic  Expedition  under  Capt.  James  R 
Bourbon  presents  indications  of  the  sea  havin§ 
higher  level  than  at  present,  and  having  obs 
ances  in  the  Mauritius,  Capt.  Lloyd  was  indue 
ing  facts  before  the  Society. 

The  island  of  Mauritius  is  belted  by  an 
throughout  its  whole  circumference,  except  fc 
the  broadest  and  extreme  southern  side,  or  frc 
Souillac,  commonly  called  Port  Bavanne.  Al( 
island  the  coast  is  bold,  and  consists  of  a  basaltic  rock. 

Near  the  Rivih-e  des  Galets,  between  Savanne  and  the  B\ 
Cap,  the  sea  foams  against  a  barrier  of  coral  from  five  to  fiftee 
in  height,  and  wears  it  into  the  most  fantastic  shapes.  At  i 
siderable  distance  inland,  and  almost  concealed  by  trees  and  s] 
are  two  remarkable  points  or  headlands  of  cond,  from  twei 
twenty-five  feet  above  the  present  level  of  the  sea.  They  pi 
the  same  marks  of  abrasion  as  the  barrier  reef  now  under 
the  action  of  the  waves.  The  Observatory,  Port  Louis,  is  bui] 
on  a  stratum,  ten  feet  above  high-water  mark,  of  very  hard 
which  requires  blasting.  There  are  besides  in  several  parts  < 
island,  and  at  considerable  distances  inland,  enormous  blo( 
coral  surrounded  with  the  debris  of  oyster  and  other  shells  and  b 
corals.  Appended  to  Capt.  Lloyd's  communication  are  two  1 
from  agents  employed  by  him  to  collect  information  respectu 
land  blocks  of  coral.     One  of  the  letters  is  from  Mr.  Hill,  sui 

*  Reports  of  British  Association,  vol.  vi.  Sections,  p.  64. 
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of  roads,  and  oontains  th^  following  data  respecting  two  blocks  near 
Souillac  i-^ 

1st  Block.  2nd  Block. 

Distance  from  the  sea 610    feet ....  1356  feet. 

Probable  height  above  high  water . .      50     — 

Length    12     —    . .  . .       30  — 

Breadth 10     — 12  — 

Height     71—....       14  — 

GirOi  round  the  largest  projections. .     40    —   77  — 

If  the  first  of  these  blocks  had  been  transported  by  the  sea,  Capt. 
I Joyd  aays,  it  could  have  attained  its  present  position  only  by  passing 
over  the  almost  perpendicular  coast. 

The  other  letter  is  from  Mr.  Sherlock,  and  gives  the  following 
measurements  of  two  blocks  on  the  Black  river : — 

Height.  Width.  Circumference.      Diitanee  from  sea. 

l8t  block  ...  13  feet ...  30  to  40  feet  ...  121  feet  350  feet. 

Snd  block...  10—    ...  25  feet  Length,  41  feet....  840  — 

Mr.  Sherlock  adds,  there  is  no  coral  in  the  interior,  except  a 
small  bed  on  the  habitation,  Le  Gentele. 


METEOROLOGICAL  OBSERVATIONS  FOR  APRIL  1841. 

Oiisakk. — April  1.  Cloudy.  2.  Fine:  clear.  3.  Slight  hase:  cloudy  and 
fine.  4.  Cloudy :  slight  rain.  5.  Cloudy  and  fine.  6,  7.  Very  fine.  8.  Fine 
in  the  morning:  hall-ahower  at  1  p.m.  z  cloudy  and  fine  at  night.  9.  Overcast 
and  cold.  10 — 12.  Cloudy  and  cold.  13.  Cloudy:  rain.  14.  Cloudy:  alight 
rain«  15.  Showery.  16,17.  Fine.  18.  Overcast  and  cold.  19.  Fine.  20. 
Overcast.  21.  Cold  and  dry.  S2.  Cloudy  and  cold.  23.  Heavy  rain.  24.  Fine. 
25.  Very  fine:  slight  rain:  cloudy  and  windy  at  night.  26.  Hazy:  fine.  27.  Very 
iuie.  28.  Rain.  29.  Rain :  very  fine :  clear  at  night.  90.  Dryhase  throughout 
Ae  day  :  dear  at  night. 

jffofton.— April  1*  Fine  :  rain  early  a.m.  2.  Stormy :  rain  early  a.m.  3,  4. 
Fine.  5.  Cloudy :  rain  p.m.  6.  Fine.  7.  Cloudy :  rain  p.m.  8.  Cloudy. 
9.  Fine :  rain  early  a.m.  10.  Cloudy.  1 1.  Cloudy  :  rain  early  a.m.  :  hailstorm 
P.M.  12.  Cloudy  :  rain  early  a.m.  13.  Fine  :  rain  early  a.m.  14,  15.  Fine: 
rain  F.M.  16.  nne  :  ice  this  morning.  17.  Fine.  18.  Cloudy.  19.  Fine. 
20.  Fine:  bail  and  rain  p.m.  21.  Cloudy:  rain  p.m.  22.  Cloudy:  rain  early 
A.M.  23.  Rain.  24.  Fine.  25.  Fine :  rain  early  a.m.  26.  Cloudy.  27,  28. 
Fine.    29.  Cloudy.    30.  Fine. 

Applegwrth  Mante,  Dumfries-ahire, — April  1.  Fine  a.m  :  rain  p.m.  2.  Fine : 
showers  r.M.  3.  Fine :  one  shower.  4.  Fine  a.m.  :  rain  p.m.  5.  Fine :  sh'ght 
shower.  6.  Fine  and  fair  all  day.  7.  Rain  p.m.  8.  Fair  a.m.  :  shower  p.m. 
9.  Fine  and  fair  all  day.  10,11.  Occasional  showers.  12.  Fine  and  fair.  13. 
Wet  r.M.  14.  Showery  p.m.  15.  Rain  and  hail.  16.  Rain,  sleet  and  hail. 
17 — 20.  Showers.  21.  Fair  and  cold.  22,  23.  Frosty  morning :  fine.  24. 
Very  wet  p.m.  25.  Rainy  forenoon.  26.  Wet  all  day.  27.  Rain  a.m.  :  cleared 
up.     28.  Beautiful  day  :  thunder  and  rain.     29,  30.  Fine  and  fair. 

Sun  shone  out  527  days.  Rain  fell  20  days.  Thunder  2  days.  Frosty  mom- 
in«  2.     Hail  2  days. 

Wind  north  ^  day.  North-east  3  days.  East  2  days.  South-east  4  days. 
South-south-east  2  days.  South  2  days.  South-south-west  i  day.  South-west 
7  days.  West-south-west  1  day.  West  6  days.  North-west  1  day.  North- 
north-west  1  day. 

Calm  6  days.  Moderate  14  days.  Brisk  4  days.  Strong  breeie  4  days. 
Boisterous  2  days. 

Mean  temperature  of  the  month    44^*40 

Mean  temperature  of  April  1840  48  '05 

Mean  temperature  of  spring.water   51  '00 
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LXXIX.  Examination  of  a  Fourth  Experiment  adduced  by 
Prof.  Faraday  in  support  of  M.  de  la  Rive*s  Theory^  arid 
regarded  by  Df\  Fusinieri  to  be  demonstrative.  By  Dr. 
Stephen  Marianini,  Acting  Professor  of  Particular  and 
Experimental  Physics  in  the  University  of  Modena,  Sfc. 
[Continued  from  p.  202.] 

Second  Article,  Examination  of  the  Observations  recetitly 
made  by  Prof,  de  la  Rive  iri  support  of  his  Theofy^  and  which 
Dr.  Fusinieri  has  considered  sufficient  to  answer  the  preceding 
Objections*. 

|R.  AMBROGIO  FUSINIERI  seems  to  blame  me 
for  not  having  alluded,  in  my  fourth  Memoirt>  to  the 
interesting  work  of  M.  de  la  Rive,  entitled,  **  Inquiry  into  the 
Cause  of  Voltaic  Electricity^."  I  did  not  instantly  allege 
in  my  excuse  the  having  written  and  sent  the  said  memoir  to 
the  Secretary  of  the  Italian  Society  of  Sciences,  some  time 
previous  to  my  becoming  acquainted  with  the  said  work,  which 
had  been  kindly  presented  to  me  only  in  the  November  of 
1836,  by  my  illustrious  colleague.  Prof,  de  la  Rive,  this  cir- 
cumstance having  little  interest  for  the  scientific,  for  whom  I 
intend  to  write,  and  still  less  for  science;  but  I  applied  myself 
instead  to  study  the  work  itself,  as  soon  as  I  was  able  to  do  so. 
*  Whoever  does  not  know  this  production  of  M.  de  la  Rive, 
no  doubt,  on  hearing  how  Signor  Fusinieri  speaks  of  it,  would 
believe  that  in  the  same  manner  in  which,  in  my  second  me- 
moir, I  had  examined  all  the  amiments  and  principal  experi- 
ments brought  forward  by  the  Professor  of  Geneva  in  support 
of  his  theory,  and  had  shown  the  insufficiency  of  them  with 
other  experiments ;  so  also  M.  de  la  Rive  might  undertake  to 
examine  my  arguments,  and  might  show  the  erroneousness  of 
them  ;  but  what  would  be  his  surprise,  when  setting  himself  to 
read  this  work  (without  doubt  having  other  claims  to  interest), 

*  Annali  de  Scienze  del  Regno  Lombardo-Veneto,  Bimettre  iv.»  18d7» 
p.  192.  t  Ibi^l-  t  Recherchet,  &c. 
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he  should  see  that  the  same  facts  are  reproduced  which  were 
already  published  by  him  in  1828,  when  he  wished  to  fouiid 
his  theory;  and  of  the  many  arguments  and  experiments 
brought  forward  by  me,  he  only  speaks  of  two  or  three 
secondary  in  importance,  and  not  with  the  profundity  which 
one  might  expect  from  so  distinguished  a  physicist  1 

In  the  first  part  of  my  said  memoir  I  treat  of  the  influence 
which  voltaic  currents  exercise  in  changing  the  relative  electro- 
motive property  of  the  metals,  and  of  that  which  is  exercised 
upon  them  by  the  liquid  conductors,  in  which  are  immersed 
the  metals  themselves;  and  I  established  some  facts  which 
ought  to  serve  as  the  rationale  of  some  experiments  produced 
by  M.  de  la  Rive  as  inexplicable  except  upon  his  theory. 
But  of  these  we  will  not  speak  here.  Nor  let  any  one  iuter- 
pret  this  silence  into  denial  or  disapprobation,  since  the  same 
M.  de  la  Rive,  in  his  historical  sketcli  of  the  principal  facts 
discovered  in  electricity,  makes  mention  of  all  these,  and  not 
only  without  starting  a  doubt  of  tliem,  but  also  with  expres- 
sions very  flattering  to  me*. 

In  the  second  part  of  that  memoir  I  undertake  to  show  the 
insufficiency  of  the  theory  of  M.  de  la  Rive  to  explain  the 
phaenomena  of  the  electromotors,  as  well  simple  as  complex* 

Treating  of  the  simple  electromotors,  and  of  the  case  in 
which  the  two  plates  are  immersed  in  the  same  liquid*  M*  de 
la  Rive  adduced  in  support  of  his  theory  that  an  electric  cur- 
rent is  produced  when  there  are  immersed  in  one  liquid  two 
portions  of  the  same  metal  susceptible  of  being  attacked  by  it. 
And  I  observed  that  if  these  two  portions  have  some  hetero- 
geneity, the  fact  accords  with  the  theory  of  Volta ;  if  not,  there 
is  no  theory,  either  chemical  or  physical,  which  can  explain 
it.     (Memoir  above  mentioned,  $  XXIII.) 

M.  de  la  Rive  observed  that  if  a  voltaic  pair  of  copper  and 
tin  is  immersed  in  an  acid  or  saline  solution,  the  tin  is  positive; 
and  if  it  is  immersed  in  ammonia,  the  copper  is  positive,  because 
more  acted  upon  by  the  liquid  than  the  tin.  And  I  showed 
that  this  second  part  of  the  experiment  is  not  true^  except 
after  the  ammonia  may  have  altered,  in  a  contrary  sense,  the 
electrotism  of  the  two  metals,  and  that,  in  consequence*  it 
contradicts  the  theory  of  M.  de  la  Rive,  instead  of  supportiujg 
it.  The  same  observations  I  made  upon  the  similar  experi- 
ment of  M.  de  la  Rive,  with  copper  and  iron.  {§  XXIV.) 

Another  fact  which  M.  de  la  Rive  adduced  was,  that  on 
immersing  iron  and  lead  in  concentrated  nitric  acid,  the  iron 
in  the  first  moment  is  negative,  "  because  (it  was  said)  there 

♦  Etqukte  historiqtte  ties  prhicipales  dicowertet  faUes  dan*  VHectricUi 
depui8  queiquet  armies.   Par  M.  Augusta  de  la  Rive.   Geneve^  183& 
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woi  not  yet  any  chemical  action ;^^  but  if  one  waits  until  the 
ohemical  action  shall  commence,  or  if  the  part  of  the  plate  of 
iron  immersed  in  the  liquid  is  exposed  for  a  moment  to  the 
air,  which  quickly  determines  the  action,  that  iron  itself  be- 
comes positive.  And  I  in  the  first  place  inquired  whence 
might  arise  the  negative  electrization  in  the  iron,  and  conse* 
quently  positive  in  the  lead,  in  the  first  instant  that  the  cop- 
per is  immersed,  if  it  had  vet  no  chemical  action.  And  how 
stands  now  the  theory  of  M.  de  la  Rive?  In  the  second 
place  I  demonstrated  that  the  nitric  acid  increases  the  electro* 
tism  both  in  the  iron  and  the  lead,  but  more  in  the  latter  than 
in  the  former.  1  showed,  in  the  third  place,  that  it  was  an 
error  to  believe  that  causing  the  iron  to  be  exposed  to  the  air 
might  be  the  cause  by  which  it  was  electrified  positively,  on 
again  putting  it  into  the  acid,  because  the  cause  of  this  posi« 
tive  electrization  of  the  iron  was  the  alteration  which  the  lead 
suffered  in  the  acid  in  which  it  was  left  immersed  whilst  the 
iron  was  kept  in  the  air.  And  I  proved,  lastly,  that  to  explain 
those  experiments  by  the  chemical  theory,  it  is  necessary  to 
suppose  now  that  the  action  of  the  acid  i^enders  the  iron  posi-* 
tive  with  respect  to  the  lead,  now  that  it  renders  it  negative ; 
now  we  must  suppose  that  the  action  of  the  acid  may  be  less 
forcible  in  the  first  instants  upon  the  iron  than  upon  the  lead ; 
now  we  must  suppose  the  contrary.  (§  XXVII.) 

Another  experiment  quoted  by  M.  de  la  Rive  was,  that  two 
plates,  the  one  of  gold,  the  other  of  the  purest  platina,  being 
fixed  to  the  extremity  of  the  galvanometric  wire,  and  im- 
mersed in  the  pure  nitric  acid,  a  very  sensible  current  took 
place  when  a  drop  of  hydrochloric  acid  was  added  to  the  said 
liquid.  And  I  demonstrated  by  ten  experiments,  first,  that 
the  nitric  acid,  mixed  with  very  little  hydrochloric  acid,  in* 
creases  the  relative  electromotive  faculty  both  in  the  gold  and  in 
the  platina,  but  more  in  the  latter  than  in  the  former ;  secondly, 
iiat  such  phaenomena  are  not  derived  from  electricity  imme- 
liately  developed  by  the  chemical  action ;  thirdly,  that  it  is 
mpossible  to  explain  all  the  phaenomena  which  are  observed 
D  these  experiments  by  the  new  theory.   ($  XXV.) 

And  to  all  these  facts  stated  in  the  first  section  of  the  second 
mrt  of  my  before-mentioned  memoir,  and  which  contradict 
he  chemical  theory  of  electromotors,  what  arguments  does 
id.  de  la  Rive  oppose?  Perhaps  Signor  Fusinieri  believes 
hat  the  silence  of  the  learned  Genevan  is  sufficient  oonfuta* 
ion,  or  that  he  may  have  replied  sufficiently  in  saying  that 
he  electricity  developed  by  the  chemical  action  is  not  always 
n  proportion  to  the  action  itself,  I  should  sooner  have  ex- 
)ected  that  Signor  Fusinieri  might  have  seen  in  this  propo^ 
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sition  a  proof  of  the  persuasion  which  M.  de  la  Rive  begins 
to  entertain  that  his  theory  is  not  sufficient  to  explain  the 
phaenomena  of  the  electromotors,  if  my  experiments  are  true; 
though,  if  Tdr*  Fusinieri  would  do  them  the  honour  to  repeat 
them,  I  doubt  not  that  he  would  quickly  be  persuaded  that 
that  modification  is  not  sufficient  for  the  theory ;  but  it  would 
be  necessary  to  add,  that  sometimes  the  electrization  is  in  an 
inverse  ratio  to  the  force  of  the  chemical  action,  that  is,  to  the 
energy  of  the  cause  from  which  it  is  pretended  to  be  derived. 
But  we  are  here  at  a  point  of  my  memoir  which  M.  de  la 
Rive  discusses  in  his  RechercheSf  p.  125. 

XI.  In  describing  the  experiment  of  which  1  have  now 
spoken,  M.  de  la  Rive  remarked  that  these  plates  of  gold  and 
pure  platina,  immersed  in  the  pure  nitric  acid,  produce  no 
current  whatever :  and  I  said  1  had  obtained  the  same  ph6&- 
nomena  with  the  nitric  acid  as  with  the  acid  itself  mixed  with 
a  little  hydrochloric  acid,  except  that  the  galvanometric  devi- 
ations were  somewhat  less.  Now",  however,  M,  de  la  Rive 
repeats  the  same  thing ;  that  is,  the  not  having  obtained  a  simi- 
lar current  in  making  use  of  the  pure  nitric  acid;  and  Sigoor 
Fusinieri  rather  inclines  to  believe  in  the  result  of  De  la  Kive» 
having  himself  made  the  experiment  witli  another  scientific 
man;  and  he  thinks  the  observation  just,  which  the  same 
Genevan  physicist  then  adds,  namely,  that  as  I  experimented 
in  Venice,  it  was  a  matter  of  difficulty  that  the  nitric  a<:id 
should  be  entirely  free  from  hydrochloric.  And  here  it  vexes 
me  that  I  must  point  out  to  Signor  Fusinieri  that  this  di£S- 
culty  also  presented  itself  to  me,  as  is  seen  in  the  same  page 
in  which  I  speak  of  this  experiment;  and  not  only  did  I  see 
the  objection,  but  also  removed  it,  by  proving  that  by  leaving 
the  nitric  acid  exposed  for  a  long  time  to  the  Venetian  air, 
instead  of  acquiring  to  a  much  greater  degree  the  aptitude  to 
cause  that  current,  it  went  on  losing  it ;  that  is,  on  the  con* 
trary,  it  went  on  losing  the  power  of  altering  to  positive  the 
relative  electromotive  faculty  of  the  platina  and  the  gold  so 
far  as  to  acquire  the  opposite  property,   {§  XXVI.) 

But  there  is  yet  more.  Is  it  then  true  that  there  is  tliat 
differetice  in  the  facts,  which  Dr.  Fusinieri  remarks  in  this 
proposition,  namely,  that  De  la  Rive  may  not  have  seen  in 
immersing  the  gold  and  the  platina  in  the  nitric  acid,  the  small 
electric  currents  seen  by  me?  And  do  we  not  read  at  the 
eleventh  page  of  his  Reckerches,  that  in  the  act  of  immersing 
that  pair  in  the  nitric  acid  there  are  seen  slight  galvanometric 
deviations?  ^*  Du  moins  (these  are  his  own  words)  le  l^ger 
courant  que  1'  on  aperfoit  au  premier  moment  de  I'immersion, 
n'est  pas  plus  fort  que  celui  qui  a  lieu  quand  on  se  sert  de 
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deux  lames  homogenes  de  platine,  et  il  est  du  aux  inipuretes 
dont  il  est  impossible  de  preserver  completemeiit  les  surfaces 
metalliques ;  aussi  disparait-il  tres-promptement,  et  quoique 
les  deux  metaux  restent  dans  le  liquide,  on  n'en  voit  bientot 
plus  aucune  trace." 

Then  also  the  learned  Genevan  sees  the  voltaic  current  on 
immersing  in  the  pure  nitric  acid  the  gold  and  the  platina 
fixed  to  the  ends  of  the  galvanometric  wire :  he  observes  that 
the  current  itself  is  not  stronger  than  that  produced  by  the 
two  homogeneous  plates  of  platina ;  and  he  attributes  it  to 
the  impurities,  from  which  he  says  it  is  impossible  completely 
to  preserve  metallic  surfaces.  And  in  proof  that  this  and  no 
other  is  the  cause  of  that  current,  M.  de  la  Rive  adduces  the 
fact  that  it  disappears  immediately,  and  that  however  long 
the  two  metals  may  remain  in  the  liquid,  in  a  few  moments 
there  is  no  more  trace  of  it 

The  difference,  then,  is  not  in  the  fact,  but  in  the  manner  of 
studying  and  interpreting  it.  M.  de  la  Rive  not  being  able 
to  persuade  himself  that  there  can  be  an  electric  current  with- 
out chemical  action,  and  insisting  that  neither  the  gold  nor 
the  platina  can  be  injured  by  the  nitric  acid,  supposes  it  im- 
possible entirely  to  purify  the  surfaces  of  the  two  metals. 
Instead  of  this,  I  imagine  that  the  current  is  produced  because 
the  platina  touches  the  gold  metallically,  by  means  of  the 
galvanometric  wire,  and  is  immei*sed  with  it  in  a  liquid.  If 
the  current  is  weak,  it  is  because  the  metals  are  sufficiently 
near  in  the  voltaic  scale;  if  it  vanishes,  or  rather,  if  it  becomes 
sensibly  weaker  in  a  short  time,  it  is  because  the  current  itself 
increases  the  electromotive  faculty  of  the  gold,  and  diminishes 
that  of  the  platina,  so  that  in  a  short  time  the  two  metals  be- 
come almost  homogeneous  in  the  voltaic  sense  of  that  term. 

M.  de  la  Rive  attributes  the  vanishing  of  the  current  to  the 
disappearance  of  the  impurities  from  the  surfaces  of  the  two 
metals.  But  I  shall  here  ask  if  it  is  desired  that  the  nitric 
acid  may  destroy  those  impurities  by  means  of  the  little  cur- 
rent which  is  developed,  or  that  it  may  be  destroyed  inde- 
pendently of  it  In  the  first  case,  I  shall  inquire  how  it  hap- 
pens that  if  the  gold  is  immersed  in  the  acid  a  moment  before 
the  platina,  the  galvanometric  deviation  is  extremely  weak, 
and  sometimes  even  nothing.  In  the  second  case,  the  current 
which  is  observed  when  the  two  plates  are  allowed  to  remain 
immersed  in  the  acid  for  some  time  before  putting  them  in 
communication  with  each  other  by  means  of  the  wire  of  the 
galvanometer,  will  have  to  be  explained. 

There  is  still  a  remark  to  make  respecting  the  disappear- 
ance of  the  current,  which  .M.  de  la  Rive  declares  to  happen 


Digitized 


by  Google 


Digitized 


by  Google 


adduced  by  Prof.  Faraday  in  support  ^De  la  Rive's  Theory.  535 

XIL  I  must  not  abandon  this  argument  without  making 
some  observations  respecting  a  singular  proposition  which  is 
read  towards  the  end  of  the  tenth  page  of  M.  de  la  Rive's 
work)  expressed  in  the  following  terms :  ^^  Lorsque  le  liquide 
dans  lequel  plongent  les  deux  ^l^mens  du  couple,  est  le  meme^ 
il  n'existe  pas  un  seul  cas  dans  lequel  on  ait  vu  le  m^tal  le 
moins  attaqu^  Stre  positif  par  rapport  a  I'autre." 

Yet  in  the  actual  state  of  the  science  it  is  very  easy  to  find 
many  cases  in  which  it  is  not  yet  known  which  element  of  the 
pair  may  be  the  most  acted  upon^  although  it  may  be  un- 
doubted that  the  pair  itself  produces  a  voltaic  current.  Which) 
for  example,  of  the  following  substances — silver,  ^old,  platina, 
carburet  of  iron,  and  peroxide  of  manganese-— is  most  acted 
upon  by  distilled  water?  Yet,  whatever  pair  may  be  made 
with  the  said  metals^  there  is  a  current  when  it  is  immersed 
in  the  said  liquid.  If  it  be  shown  that  charcoal,  well  freed 
from  hydrogen  and  extinguished  for  some  time,  may  be  more 
acted  upon  oy  distilled  water  than  the  silver,  gold  and  platina, 
by  which  it  may  have  to  electrify  itself,  how  does  it  happen 
when  positively  voltaically  unitea  with  those  metals  and  im* 
roersed  in  the  same  liquid  ?  If  it  be  shown  that  charcoal 
itself,  when  it  is  oxidated,  may  be  less  acted  upon  by  distilled 
water  than  the  noble  metals,  yet  made  into  a  pair  with  them 
It  acquires  negative  electricity.  If  it  be  shown  that  tin  may 
be  more  acted  upon  than  copper,  nickel,  bismuth,  cobalt,  and 
iron,  by  the  said  liquid,  yet  tin  becomes  positive  when  im- 
mersed in  such  liquid  voltaically  united  with  any  one  of  the 
said  metals.  Zinc  united  with  cadmium  is  positive  even  in 
distilled  water.  Is  it  known  which  of  the  two  is  most  acted 
upon  by  that  fluid  ? 

Here,  then,  are  at  least  twenty  cfues,  all  observed  by  me 
separately,  in  which  it  is  doubtful  upon  which  of  the  two 
elements  of  the  pair  the  liquid  exercises  the  strongest  chemi- 
cal action ;  and  it  is  very  certain  that  one  is  electrified  posi- 
tively and  the  other  negatively.  And  this  number  of  doubtful 
cases  is  doubled  when  it  is  observed,  that  when  making  use  of 
alcohol  instead  of  dbtilled  water,  the  efiects  are  different, 
although  the  currents  may  in  this  case  be  weaker.  The  de- 
scription of  some  experiments  made  with  the  said  pairs  may 
not  be  useless. 

A  plate  of  platina,  and  one  of  silver,  fixed  to  the  ends  of 
the  wire  of  the  galvanometer,  were  immersed  at  the  same 
time  in  rectified  alcohol^  at  thirty-three  degrees  of  the  scale 
of  Bauine,  and  there  was  a  deviation  of  two  degrees  on  the 
part  of  the  platina.  Both  the  plates  touched  the  liquid  with 
a  surfitu:e  of  four  square  centimeters. 
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A  plate  of  gold  with  a  surface  of  eight  square  centia 
coupled  with  one  of  platina  having  a  surface  of  one  j 
decimeter,  immersed  in  the  said  liquid,  produced  the  dei 
of  a  degree  and  a  half,  which  indicated  that  the  gol 
positive  m  contact  with  the  platina. 

And  thus,  with  any  other  oi 
whatever,  a  current  was  obtaine 
of  the  metals  was  positive  and  th 

XIII.  But  let  us  suppose  thai 
not  argue  against  the  chemical 
metal  which  shows  itself  positive 
upon;  and  that  if  this  is  not  yet  d 
one  day.  What  must  we  say  of 
it  is  certain  which  of  the  two  n 
and  equally  certain  that  it  is  not 
'  new  theory  would  assert? 

Copper  united  with  iron  and  i 
trifled  negatively  in  the  first  i 
same  copper  is  charged  also  w 
united  with  tin  and  with  lead,  th 
same  liquid ;  yet  the  copper  is  n 
monia  than  are  the  other  two  m< 

In  the  nitric  and  sulphuric  ac 
are  not  copper  and  iron  more  a 
Yet  copper  as  well  as  iron  is  elc 
immersed  in  the  said  liquid,  unit 

Sulphuric  acid,  diluted  by  tw( 
less  upon  cobalt  than  the  copi 
antimony  slightly  oxidated,  whic 
acid,  promotes  effervescence.  £ 
per,  cobalt  and  antimony,  imme 
the  cobalt  always  positive. 

Polished  antimony,  cobalt,  bii 
are  all  less  acted  upon  by  acet 
they  are  all  positive  when,  in  vol 
they  are  immersed  in  the  said  ac 

And  here  are  twenty  cases  (ai 
find  others)  in  which  the  two  e 
mersed  in  the  same  liquid,  and  tl 
is  positive  with  respect  to  the 
that  the  experiments  of  the  Gene 
restricted  within  very  narrow  lin 
came  under  his  notice;  since,  i 
which  whoever  will  repeat  them  ] 
to  me  impossible  longer  to  admi 
*Me  sens  du  courant  est  toujou 
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chimique^et  que  le  m^tal  surlequel  raction  cfaimiquedu  Itquide 
est  la  plus  Vive  est  toujours  positif  par  rapport  a  Tautre/' 
(From  the  work  above  cited,  p.  14.) 

I  should  believe,  moreover,  that  one  only  of  the  above- 
mentioned  facts  would  suffice  to  justify  the  proposition  which 
may  be  read  at  the  end  of  $  X  A  VII.  of  my  memoir  already 
quoted,  ^^that  the  nem  theory  is  not  stgfficient  to  explain  all 
the  phenomena  presented  by  simple  electromotors^  when  the 
two  plates  of  which  they  are  formed  are  immersed  in  the  same 
liquid:' 

XIV.  Then  when  the  two  elements  of  the  voltaic  pair  are 
immersed  in  different  liquids,  the  cases  are  very  many  which 
contradict  the  new  theory,  and  as  elsewhere  I  have  observed, 
they  may  be  multiplied  almost  at  the  will  of  the  experimenter* 
These  were  considered  by  M.  de  la  Rive  as  apparent  anoma- 
lies, and  to  explain  them,  I  supposed  that  the  two  electric 
Erinciples  tend  to  reunite  themselves  immediately  in  both 
quids,  that  such  reunion  is  more  easy  in  the  liquid  which 
gives  a  positive  action,  and  therefore  the  metal  there  immersed 
is  negative. 

Concerning  this  hypothetical  explanation,  after  having 
pointed  out  m  §  XXa.  of  my  memoir  three  thinp  to  me 
incomprehensible  in  it,  I  demonstrated,  with  the  assistance  of 
experiment,  that  admitting  those  immediate  reunions  of  the 
electric  principles,  very  many  facts  are  found  in  contradiction 
to  the  theory.  And  I  concluded  it  ^*  a  thing  not  easy  to  be  ad" 
mitted  that  nature  availed  herself  of  those  immediate  recompo^ 
sitions  of  the  two  electric  principles^  except  in  those  experiments 
which  do  not  in  any  manner  square  with  the  new  theory,"  And 
I  terminated  that  section  with  some  experiments  derived  from 
two  then  recent  observations  of  Signor  Becquerel,  from  which 
was  inferred  clearly  "  that  in  the  voltaic  pair  is  a  cause  which 
gives  origin  to  electricity  which  cannot  be  confounded  with  the 
chemical  action^  and  which  is  more  pawetfid  than  itP 

Now  I  would  ask  of  Dr.  Fusinieri  what  reply  can  be  found 
in  the  work  of  M.  de  la  Rive  to  these  objections?  Does  he 
think  it  may  suffice  to  iind  the  same  things  (confuted  by  me) 
repeated  in  it,  and  without  any  notice  whatever  of  the  confu- 
tation ?  The  silence  of  M.  de  la  Rive  would  suffice  certainly 
to  reply  where  objections  evidently  erroneous  were  treated  of; 
but  where  I  bring  forward  experiments  easy  to  be  repeated, 
why  had  not  Dr.  Fusinieri,  acute  observer  as  he  is,  the  curi- 
osity to  see  them  before  pronouncing  a  judgment  so  disad- 
vantageous with  respect  to  them  ? 

Xv.  Let  us  see,  finally,  what  may  be  replied  to  the  argu- 
ments with  which  I  proved  that  the  Delarivian  theory  was 
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not  sufficient  to  explain  the  phasnomena  of  the  comfi 
tromotors. 

The  chemical  theory  being  shown  insufficient  to 
the  phaenomena  of  the  simple  electromotors,  the  insi 
as  to  the  explanation  of  the  phaenomena  of  the  comp 
tromotors  was  naturally  deduced  as  a  corollary  fron 
I  opposed  besides  the  argument  of  the  invariability  oi 
sion,  whatever  may  be  the  liquid 
are  immersed,  when  neither  their  : 
vary.     And  to  anticipate  the  reply 
made  to  that  argument,  that  is,  it 
fluids  may  not  exert  equal  chemici 
pairs,  yet  the  difference  of  the  acti 
elements  of  the  pair  being  equal, 
invariable;  I  described  an  experim 
tromotors  of  eight  pairs,  which  he 
the  diflerences  of  the  chemical  actic 
elements  of  each  pair  in  each  of  tl 
thing  but  equal ;  for  in  one  all  the 
distilled  water,  and  in  the  other  t 
mersed  in  distilled  water,  and  tho8( 
phuric  acid.  (§  XXXIV.) 

I  undertook  to  examine  also  th< 
with  which  M.  de  la  Rive  attempt 
of  the  piles  dependent  upon  the  nun 
plain  such  effects,  M.  de  la  Rive  si 
which  the  two  electric  principles  hav 
acts  so,  that  when  the  poles  are  not 
it  is  the  pile  itself  which  serves  thei 
ducing  the  effect  of  one  meeting  the 
the  tension  will  depend  upon  the  gn 
the  voltaic  apparatus  shall  present  t 
two  fluids.  And  since  it  is  known  tt 
of  the  plates  to  pass  through,  the  i 
mission,  so  the  electricity  accumule 
affect  the  condenser,  except  in  so  fa 
composed  of  such  a  number  of  pai 
posed  by  the  apparatus  to  the  reuni 
be  sufficiently  great  for  the  tension 

And  examining  in  the  abstract  tli 
M*  de  la  Rive,  in  the  two  electric  fl 
each  other,  even  by  the  way  whi< 
offers  to  them,  I  permitted  myself 
dilemma.  Either  this  tendency  exL 
tromotors,  that  is  formed  by  one  pi 
in  the  complex  electromotors.    If 
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tendency  exists  even  in  one  pair  alone,  it  is  not  intelligible  bow 
it  happens  that  the  two  electricities  do  not  avoid  passing  the 
damp  conductor^  the  metallic  way,  which  is  so  much  more 
conductive^  being  open  to  them.  If,  on  the  other  hand,it  be  ad-* 
mitted  that  that  tendency  exists  solely  in  the  complex  electro- 
motoFi  then  it  is  not  intdligible  how  such  a  property  arises  in 
it,  if  the  elements  of  whidi  it  is  formed  (which  are  also  so 
many  electromotors)  are  all  without  it*  And  to  him  who  might 
have  objected  to  such  an  argument,  that  the  greater  part  of 
the  two  electric  principles  takes  the  metallic  way  to  go  to 
neutralize  itself,  and  that  adding  pairs  to  pairs  the  tension 
increases)  because  the  quantity  which  can  pass  through  the 
electromotor  is  less; — to  him  who,  I  say,  might  have  thus  ob* 
jected,  I  recalled  the  fact  that  the  alternations  of  moist  and 
metallic  conductors  diminish  certainly  the  quantity  of  electrt-^ 
city  which  in  a  given  time  passes  through  the  voltaic  appa- 
ratus, but  do  not  alter  the  tension. 

I  asked,  in  the  lecond  place,  why  the  least  indication  may 
not  be  bad  of  such  currents  in  a  direction  contrary  to  the 
usual  one.  And  finally,  I  found  it  difficult  to  be  admitted 
that  the  two  electric  principles  tend  to  retrocede  in  the  pile 
in  order  to  neutralise  each  other,  whilst  the  virtue  of  the  pile 
consists,  on  the  contrary,  in  the  tendency  to  accumulate  one  of 
such  principles  at  the  positive  pole^  and  the  other  at  the 
negative,     (§  XXXV.) 

The  examination  instituted  by  kne  respecting  this  manner 
of  explaining  the  effects  of  the  pile  was  not  limited  to  the 
preceding  al^tract  considerations,  but  was  pursued  abo  with 
experiments.  If  the  tension  of  a  pile  is,  as  M.  de  la  Rive 
says,  relative  to  the  greater  or  less  difficulty  which  the  pile 
itself  opposes  to  the  passage  of  the  electricity,  it  will  be  suf^ 
ficient,  I  said)  to  render  the  passage  of  the  electric  through 
tbe  electromotor  more  difficult,  to  see  the  tension  at  the  poles 
augmented ;  and  therefore,  after  having  watched  tbe  tension 
of  a  counmne  de  taues^  I  disposed  the  pairs  in  other  cups,  so 
much  more  ample  than  the  first,  that  the  liquid  stratum  (which 
wasi  as  in  die  first  apparatus,  rain  water)  interposed  between 
each  pair  was  alx>ut  six  times  greater ;  and  aldiough  here  the 
resistance  might  be  much  greater  which  tbe  electricity  must 
encounter  in  moving  itself  in  the  apparatus,  yet  the  tension 
was  found  to  be  not  at  all  increased* 

In  tbe  work  of  M.  de  la  Rive  no  reply  is  given  either  to 
the  experiments  or  to  the  reasonings  here  ab^ve-mentioned) 
with  which  I  intended  to  prove  the  insufficiency  of  his  theory 
in  explaining  tbe  phasnomena  of  tbe  complex  electromotors. 
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But  behold  us  finally  at  some  of  my  experiments,  which  the 
learned  Genevan  undertakes  to  examine. 

Such  experiments  are  only  variations  of  the  last  cme  abore 
recorded.  In  order  to  render  the  transmission  of  the  electric 
fluid  through  the  electromotor  more  difficult,  I  put  between 
each  two  pairs  several  inactive  arcs,  that  is,  formed  of  one 
sole  copper  wire,  and  the  tension  was  equal  to  that  which  was 
observed  when  the  electromotor  was  arranged  as  usual.  Some* 
times  in  such  experiments  the  transmissiveness  of  the  appa- 
ratus becomes  so  much  enfeebled,  that  there  is  no  longer  an 
indication  of  a  current  even  io  the  galvanometer,  as,  for  ex- 
ample, when  I  introduced  between  the  three  active  pairs  three 
hundred  and  ten  inactive  ones.  Yet,  notwithstanding,  I  found 
no  difference  in  the  tension  of  those  three  pairs  from  when 
they  were  arranged  as  usual,  and  the  current  excited  by  them 
did  not  pass  through  the  water  of  tliree  hundred  other  glasses, 
and  tlie  metallic  arcs  which  put  them  in  communication 
with  each  other.  And  since  M.  de  la  Rive  said  that  the  de- 
composing power  of  the  electromotor  apparatus  must  vary  ac« 
cording  to  the  rdatiou  which  exists  between  the  conductivity 
of  the  liquid  which  connects  the  two  poles  and  the  apparatus 
itself,  I  therefore  brought  forward  experiments  which  showed 
that  not  to  be  true,  b^use  every  time  that  I  rendered  the 
passage  of  the  current  sensibly  more  difficult,  by  adding  now 
twenty,  now  forty,  now  a  hundred  inactive  pairs,  the  decom- 
position taking  place  at  the  poles  became  alwavs  slackened. 
($  XXXVI.  and  XXXVII.)  And  see  how  M.  dela  Rive 
discourses  about  these  experiments  at  pages  151  and  152  of 
the  work  quoted. 

^<  La  principale  objection  du  savant  italien  a  €t6  dirigee  con* 
tre  le  principe  que  j'avais  admis,  savoir  que  les  deux  fluides 
electriques  accumul^  aux  deux  poles  de  la  pile  penvent  se 
neutraliser  directement  par  Tinterm^diaire  de  la  pile  elle-meme 
qui  lui  sert  de  conducteur.  D'apres  ce  principe,  dit  il,  si  Ton 
diminue  la  conductibilit^  de  la  pile  on  doit  augmenter  la  ten- 
sion de  ses  deux  poles;  or,  on  ne  produit  pas  ce  dernier  effet 
en  interposant  dans  le  liquide  qui  s^pare  les  couples,  un  plus 
ou  moins  grand  nombre  de  diaphragmes  de  cuivre,  interposi- 
tion, qui  cependant  doit  diminuer  la  conductibilit6  de  la  pile. 
II  y  a  plus ;  cette  interposition  non  seulement  n'augmente  pas 
la  tension,  mais  elle  diminue  meme  le  pouvoir  chimique  de  la 
pile  dans  la  decomposition  de  Teau;  cependant  lorsque  les 
poles  sont  r^unis  par  un  conducteur  imparfait,  s'il  est  vrai  que 
la  proportion  d'61ectricit6  qui  passe  par  ce  conducteur  et  par 
la  pile  d^pende  de  leur  conductibilit^  relative,  il  doit  en  pas- 
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ser  d'aulant  plus  k  travers  le  conducteur  que  la  pile  conduit 
plus  mal.  A  I'appuis  de  ces  observations  M.  Marianini  cite 
plusieurs  experiences." 

**  Je  suis  tout-a-fait  d'accord  avec  M.  Marianini  sur  les  con- 
sequences qu'il  tire  du  principe  que  j'ai  admis,  niais  je  difiere 
sur  I'application  qu'il  en  fait;  je  reconnais  avec  lui  que  tout 
ce  qui  diminue  la  conductibilitig  de  la  pile,  doit  augmenter  la 
tension  de  ses  poles  pourvu  qu'on  n'altei*e  en  rien  la  quantity 
d'electricit^  developp^e  par  cnacun  de  ses  couples;  j'ai  mon- 
tre  par  des  faits  que  c'etait  une  condition  indispensable.  Mais 
la  manidre  dont  M.  Marianini  diminue  la  conductibilit^  de  la 
pile,  rentre-t-elle  bien  dans  ce  cas  ?  Non,  car*  le  zinc  et  le 
cuivre  entre  lesquels  il  place  les  diaphragmes  de  cuivre  ou  de 
tout  autre  metal,  n'etant  plus  dans  les  memes  conditions  que 
le  zinc  et  le  cuivre  des  autres  couples,  il  est  &cile  de  cora- 
prendre  que  Telectricite  positive  du  premier  et  la  negative 
amen^  par  le  second,  se  reunissent  en  beaucoup  moins  grande 
proportion  k  cause  de  la  diminution  de  conductibilit^  qui  re- 
suite  pour  le  liquide  qui  les  separe,  de  ^interposition  des  dia- 
pbraffmes.  Des  lors  d'apres  la  th^orie  que  nous  avons  don- 
n^  r^lectricite  libre  de  tons  les  autres  couples  diminue  dans 
le  mSme  rapport  que  celle  du  couple  que  nous  venous  de  con- 
sid^rer,  de  sorte  que  si  d'une  part  les  deux  principes  ^lec* 
triques  accumules  aux  deux  poles  ont  moins  de  facility  a  se 
r^unir  d'autre  part  ils  sont  d^veloppees  en  moindre  quantity. 
On  con9oit  que  lorsqu'il  s'agit  de  la  tension,  cas  dans  lequel 
r^l^ment  du  temps  n'entre  pour  rien,  puisque  le  condensateur 
reste  en  contact  avec  le  pole  aussi  long  temps  qu'on  le  veut, 
les  deux  effets  que  nous  venous  de  signaler  puissent  se  com- 
penser:  mais  il  ne  pent  en  etre  de  meme  pour  les  decompo- 
sitions operees  par  le  courant  et  en  general  pour  tons  les  efiets 
clynamiques,  car  il  n'y  a  pas  de  temps  sufHsant  pour  Taccumu- 
lation  des  deux  principes  ^lectriques,  et  tout  ce  qui  diminue 
laquantite  de  Telectricite  libre  degagee  en  un  temps  donn6  par 
chaque  couple,  et  par  consequent  aux  deux  poles,  doit  dimi- 
nuer  Tintensit^  des  efFets  produits  par  la  circulation  de  cette 
electricity/' 

M.  de  la  Rive  agrees,  therefore,  with  me,  that  if  the  prin- 
ciple admitted  by  him  be  true,  all  that  which  diminishes  the 
conductivity  of  the  pile  must  augment  the  tension  of  the  poles ; 
but  he  suggests  further,  that  what  diminishes  the  conductivity 
of  tlie  pile  may  in  no  degree  alter  the  quantity  of  electricity 
developed  by  each  one  of  its  pairs. 

We  will  observe  here  directly,  that  before  these  instructions 
of  M.  de  la  Rive,  the  quantity  of  electricity  developed  by  each 
couple  was  never  said,  that  I  know,  to  influence  the  tension. 
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Every  one  knows  that  an  electromotor  of  ten  pairs  has  f 
the  same  tension,  whether  the  plates  are  large  or  small,  o 
some  small  and  others  large.  And  it  is  known  likewim 
the  quantity  of  electricity  developed  varies  much  with  t 
riation  in  the  dimensions  of  all  the  pairs,  or  even  only  of 
the  galvanometers  giving  the  most  certain  proofs  of  it 

But  granted  even  that  this  might  be,  is  it  then  true  tb 
method  by  which  I  diminished  the  c  '  ' 

not  concern  this  case,  that  is,  alter 
developed  by  each  pair?  M.  de  I 
those  pairs  between  the  copper  f 
placed  metallic  diaphragms,  are  not 
the  other  pairs.  But  uie  truth  is, 
copper  and  the  zinc  of  one  pair  thai 
but  between  the  zinc  of  one  pair  an 
put  some  inactive  pairs,  that  is,  so 
wire,  which  were  immersed  in  cups 
ductor,  as  those  which  served  for  tl 
interpolation  I  did  not  make  merel; 
in  some  experiments  those  arcs  v 
every  one  of  them ;  so  that  all  cam 
dition.  If  ever  M.  de  la  Rive  shoi 
interpolated  are  not  in  the  same  coi 
electromotor,  where  there  may  not  I 
active  pairs,  and  that,  therefore,  ea( 
electromotor  developes  less  electri< 
other,  I  would  ask,  whence  the  el 
cording  to  the  new  theory  ?  Is  it  i 
cai  action  of  the  liquid  upon  the  m 
be  proportional  to  the  difference  of 
the  zinc  and  upon  the  copper  ?  Ni 
arcs  interrupt  the  action  of  the  liqui 
pairs ;  and  then  how  do  they  alter 
developed  ? 

And  if  yet  it  should  be  pretendec 
inactive  copper  wire  in  the  glass,  wli 
of  a  couple  was  immersed,  might  in 
by  the  liquid  upon  the  zinc,  or  upc 
pairs ;  what  influence  will  the  coppe 
successive  cups  exert?  The  experi 
sion  is  always  the  same,  when  plaoii 
tive  arcs  between  the  pairs  of  one  ] 
eight,  ten,  or  any  other  number  wh 

And  these  observations,  made  reli 
with  the  proper  difference,  to  the  d( 
always  diminishes,  when,  the  other 
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Jarly,  the  conductivity  of  tlie  pile  (whatever  may  be  the  me- 
thod) is  diminished. 

But  wishing  also  to  concede  that  those  diaphragms  or  in- 
terpolated metallic  arcs  impart  to  the  pairs  the  condition  that 
M.  de  la  Rive  desires,  how  shall  we  explain  the  non-altera-* 
tion  of  the  tension,  when  the  electromotor  is  rendered  less 
conductive  bv  disposincr  the  pairs  in  much  larger  cups,  by 

lich  the  electric  fluid  must 
the  first  and  principal  ex- 
L  Rive,  regarding  his  man- 
ion  and  of  decomposition, 
ition. 

of  such  experiments,  be» 

r  great  extent  between  the 

[  have  applied  to  it  again 

IS  arcs,  knowing  the  diffi- 

)unters  in  passing  through 

uctors.     Now,  I  have  re- 

»o  on  a  large  scale,  that  is, 

;h  small  troughs,  in  which 

between  the  copper  of  one 

^as  only  a  stratum  of  water 

the  other  with  great  re- 

3r,  which  divided  one  pair 

The  number  of  the  pairs 

tension  was  also  equal  in 

rent  to  pass  through  many 
>f  little  siphons  fiHed  with 
ed  by  this  in  obtaining  in- 

any  way  the  conditions  of 
evelopment  of  the  electri- 
ical  theory,  I  prepared  a 
the  plate  of  zinc  commu- 
lall  metallic  wire  a  thou- 
of  the  other  two  the  wire 
le  zinc  was  five  hundred 
i^as  arranged  so  that  that 
en  away,  and  one  substi- 
r  five  millimeters.  Now, 
between  the  zinc  and  the 
i,  the  deviation  which  the 
was  twenty  degrees;  and 
the  short  wires,  it  was  only 
s  the  same  in  both  cases. 
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For  if  M.  de  la  Rive,  in  all  these  experiments,  found  the 
conditions  always  varied  in  order  that  the  chemical  action 
upon  each  couple  might  excite  the  same  electricity,  I  should 
desire  very  much  that  he  would  point  out  at  least  one  experi- 
ment in  which  the  couples  remaining  equal  both  in  number  and 
quality,  but  the  conductivity  of  the  pile  varying,  the  tension 
might  be  seen  likewise  to  vary.  This  experiment  I  expected  to 
find  described  in  the  above-mentioned  work,  after  his  having 
said  that  he  agreed  with  me,  that  all  which  diminishes  the  con- 
ductivity of  the  pile,  must,  according  to  his  theory,  augment 
the  tension  of  the  poles ;  I  expected  also,  that  he  would  only 
disagree  with  me  in  regard  to  the  mode  of  diminishing  the 
said  conductivity.  I  find  instead,  that  M.  de  la  Rive  says, 
that  in  my  method  of  weakening  the  conductivity  of  the  pile,  if 
on  one  part  the  two  electric  principles  met  together  at  the 
poles  have  less  facility  of  reuniting  themselves,  they  are  deve- 
loped in  less  quantity.  But  truly  he  should  agree  that  they 
might  be  developed  not  in  less  Quantity,  although  with  less 
tension,  that  the  electric  principles  might  show  themselves 
unvaried  in  the  tension  at  the  poles  of  the  pile,  notwithstanding 
that  its  conductivity  might  vary. 

p'o  be  continued.] 


LXXX.   Notices  of  the  Results  of  the  Labours  of  Continental 
Chemists.    By  Messrs.  W.  Francis  and  H.  Ciioft. 

[Continued  from  p.  44S.] 

Action  of  Chlorine  on  Oxalic  JEther. 

1%^  ALAGUTI  has  published  a  series  of  interesting  experi-* 
•^^■^  ments  on  the  action  of  chlorine  on  oxalic  aether.  He  has 
succeeded  in  preparing  a  chloroxalic  asther,  in  which  the  entire 
quantity  of  the  hydrogen  of  oxalic  aether  is  replaced  by  an  equi- 
valent quantity  of  chlorine,  C  '*  CP*^  O*  *.  The  resulting  chloro- 
xalic aether  anbrds  with  liquid  ammonia  oxamid,  with  gaseous 
ammonia  chloroxamethane,  a  body  comparable  in  every  respect 
to  oxamethane.  The  chloroxamethane  is  converted  by  the  ac- 
tion of  liquid  ammonia  into  chloroxalovinate  of  ammonia,  from 
which  may  be  obtained  the  chloroxalovinic  acid,  which  differs 
from  oxalovinic  acid  solely  from  its  containing  chlorine  in  the 
place  of  hydrogen.  This  acid  may  be  obtained  in  an  anhydrous 
state  by  the  action  of  alcohol  on  chloroxalic  aether,  which  may 
again  be  made  to  give  birth  to  a  chlorated  acid,  especially  by 
the  oxidizing  action  of  alkalies.    One  of  the  most  remarkable 

*  [The  system  of  formulse  in  this  abstract  is  different  from  that  In  the 
former  abstracts ;  the  small  French  value  for  carbon  having  been  assumed.] 
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results  of  these  experiments  is  the  preservation  of  the  chemi- 
cal properties  of  the  oxalic  aether  after  it  has  exchanged  ten 
atoms  of  hydrogen  for  ten  of  chlorine.  In  examining  the  fol- 
lowing table,  in  which  are  stated  comparatively  all  the  trans- 
formations of  oxalic  aether  and  of  chloroxalic  aether,  we  shall 
arrive  at  the  conviction  that  the  one  series  is  merely  a  repe- 
tition of  the  other. 


Chloroxalic  ^ther,  aud  Compounds 
derived  from  it. 

C'«  Cl»o  O*  chloroxalic  aether 

C'«  Cpo  OS  C*  O  chloroxa- 

lovinic  acid 
Ci«  Cl'o  O,  O  O^,  H«  O  hy. 

drate  of  chloroxalov.  acid 
C»«  Cl»o  (>,  C*  O^,  B  O,  chlo- 

roxalovinates 
C»«C1»«  O,  C*  0«  N^  H*  chlo- 

roxamethane 
C*  O*  N«  H*  oxamid. 


Oxalic  JEtheVf  and  Compounds 
derived  from  it. 

C»«  H'°  O  oxalic  aether 

Ci«  H^^  OS  C*  O*  oxalovinic 

acid 
0»H'oO*,  C*03,  H«0  hy. 

drate  of  oxalovinic  acid 
C««  H'o  O*,  C^  0%  B  O  oxalo- 

vinates 
C»«H»»0*,  OO^N^H^ox- 

amethane 
O  0«  N«  H*  oxamid 

Not  lone  ago,  if,  after  the  inspection  of  this  table,  chloroxalic 
sether  had  oeen  said  to  be,  chemically  speaking,  nothing  further 
than  oxalic  aether  containing  chlorine  instead  of  hydrogen,  no 
objection  would  have  been  made.  But  ibis  is  perhaps  no  longer 
the  case  at  present;  the  mode  of  expression  will  nevertheless  be 
the  most  simple  and  most  pure  as  given  by  experiment. 

Before  concluding  this  notice,  we  may  direct  attention  to  a 
paper  in  the  Annates  de  Chimie  et  de  Physiqiiey  by  De  la  Provo- 
staye,  on  the  Isomorphism  between  Oxamethane  and  Chlor- 
oxamethane,  of  which  a  translation  has  already  been  presented 
to  the  readersof  this  Journal  (p.  372);  his  conclusions  as  to  their 
isomorphism  must,  however,  be  confirmed  before  they  can  be 
adopted.  Prof.  H.  Rose,  in  a  paper  recently  published  on 
the  Combinations  of  the  Volatile  Chlorides  with  Ammonia, 
(Taylor's  Scientific  Memoirs,  vol.  ii.  p.  32,)  which  contains 
some  valuable  remarks  on  Dumas's  theory  of  substitutions, 
hints  at  the  measurements  of  the  crystals  not  being  satisfactory. 
State  of  Urea  in  Urine. 

Very  different  views  have  been  entertained  respecting  the 
state  of  urea  in  urine.  Persoz  considers  it  to  be  merely  a  pro- 
duct of  sundry  reactions,  especially  of  heat,  on  urine,  which  be 
conceives  to  be  proved  from  the  syrupy  mass  obtained  by 
freezing  urine  at  —  1 3°  to  — 18°  centigrade,  when  treated  with 
nitric  acid,  only  producing  crystals  ofthe  nitrate  of  urea,  after 
it  has  been  for  some  time  heated.  Morin  admits  in  urine  solely 
a  chlorine  compound  of  his  uril.  Cap  and  Henry,  on  the  con- 
trary, maintain  that  urea  is  present  in  the  urine  of  man  as  the 
lactate  of  urea.     The  experiments  which  M.  Lecanu  has  re- 
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cently  published  speak  in  favour  of  none  of  these  opinioi 
will  here  briefly  give  the  conclusions  which  he  has  drai 
his  experiments,  viz.  that  the  extraction  of  urea,  by  the 
methods  in  which  heat  is  employed,  is  not  at  all,  as 
supposes,  due  to  the  production  of  this  substance  or 
influence  of  heat ;  that  Morin's  protochloride  of  uril 
thing  more  than  an  intimate  mixture,  or  rather  a  comi 
of  urea  with  the  chloride  of  ammonium  ;  that  the  met 
which  Cap  and  Henry  supposed  they  had  extracted  li 
urea  give  merely  mixtures  in  which  ui 
in  a  free  state;  that,  lastly,  urea  can  b 
by  means  of  alcohol  nearly  pure,  witl 
acids  or  alkalies,  of  which  it  might  bi 
stroy  the  natural  state  of  combination 


Errata  in  Messrs.  Francis  and  Croft's  Notices 
of  Continental  Chenm 

DeabSik.  To  Richard  Tayhr.l 

At  your  request  we  furnish  you  with  a  list  of 
abstracts.  Most  of  them  are  such  that  every 
to  detect  and  correct  them  immediately,  for  ins 
where  a  silver  salt  is  spoken  of;  and  Ag  instead 
silver  occurs.  We  are  inclined  to  believe  th 
have  had  the  kindness  to  regard  them  as  typo, 
have  considered  their  occurrence  a  fair  occasi( 
superior  knowledge,  as  a  certain  Mr.W.  A.  M.  I 
K I  should  be  written  without  a  dot  over  the 
obviate  the  occurrence  of  such  errata  in  future 
recollected  that  the  great  distance  prevents  \ 
mitted.  You. 

Berlin,  May  IS41. 


W.  F.  anc 
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[Continued  from  p.  31 1  *.] 

Jan.  28/ 1  ^HE  reading  of  a  paper  entitled,  "  On  the  action  of  certain 

1 84 1 .  -■•  Inorganic  Compounds  when  introduced  directly  into  the 
Blood."  By  James  Blake,  Esq.,  M.R.C.S.  Communicated  by  P.  M . 
Roget,  M.D.,  Sec.  R.S.,  was  resumed  and  concluded. 

The  present  paper  is  a  continuation  of  a  memoir  read  at  the  Aca- 
demic des  Sciences  of  Paris,  in  1839,  and  entitled,  **  Effets  de  di- 
▼erses  substances  salines,  inject^es  dans  le  syst^me  circulatoire  f. 

After  some  preliminary  remarks  on  the  mode  in  which  the  ex« 
periments  were  conducted,  and  on  the  assistance  derived  from  the 
lutmadynamometer  of  Poiseuille  (or  instrument  for  measuring  the 
pressure  of  the  blood  circulating  in  the  vessels),  the  author  gives  a 
List  of  the  various  saline  substances  of  which  he  noted  the  effects 
when  they  were  severally  injected  either  into  the  venous  or  the 
arterial  systems,  arranged  according  to  the  nature  of  those  effects. 
He  finds,  in  general,  that  all  the  salts  having  the  same  base  exert 
rimilar  actions  when  introduced  directly  into  the  blood.  He 
carefully  inquires  into  the  phaenomena  apparently  arising  from  the 
direct  contact  of  each  of  the  substances  above  enumerated  with  the 
Einimal  tissues  ;  and  more  particularly  into  the  effects  produced  on 
the  heart,  on  the  muscular  and  the  nervous  tissues,  and  on  the  pul- 
monary and  systemic  capillaries. 

The  first  series  of  experiments  related  are  those  on  the  action  of 
the  salts  of  magnesia :  these  are  found,  when  introduced  in  any 
quantities  into  the  blood,  to  arrest  altogether  the  action  of  the  heart ; 
but  a  still  more  remarkable  effect  which  results,  is  the  complete  pro- 
stration of  muscular  power.  The  salts  of  zinc  have  a  similar  opera- 
tion under  the  same  circumstances,  but  produce  the  same  effects  in 
smaller  quantities.  The  action  of  the  salts  of  copper,  of  lime,  of 
itrontia,  of  baryta,  and  of  lead,  are  considered  successively  in  the 
order  in  which  they  are  more  closely  related  by  their  physiological 
ictions.  The  author  particularly  notices  the  peculiar  action  which 
^he  salts  of  the  three  last-named  substances  exercise  on  the  muscular 
issues,  occasioning  contractions  in  them  during  many  minutes  after 
ieath  produced  by  their  introduction  into  the  blood.  These  mus- 
nilar  movements  were,  in  some  cases,  observed  forty-five  minutes 
ifter  the  cessation  of  the  heart's  action.  Experiments  with  the  salts 
>f  silver  and  of  soda  are  then  detailed ;  substances,  which  exhibit  a 
remarkable  similarity  in  their  actions  on  the  pulmonary  tissue,  on 
iie  heart,  and  on  the  systemic  capillaries :  for  while,  in  the  case  of 
ill  the  other  salts  already  mentioned,  death  seems  to  be  produced 
by  the  destruction  of  the  irritability  of  the  heart,  the  fatal  result 
Pfi  ilver  and  of  soda  is  the  consequence  of  their  action 

>i  le  lungs.     The  physiological  actions  of  the  salts  of 

»f  communications  made  to  the  Roval  Society,  accident- 
ill  heir  proper  place,  will  be  found  with  the  Miscellaneous 
Ki  ent  Number.] 

le  '^  Archives  G^^rales  de  M^dedne;  Nov.  183p."  , 
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ammonia  and  of  potass  were  found  by  the  author  not  to  correspond 
with  any  of  the  preceding.  Although  agreeing  perfectly  with  one 
another  in  their  action  upon  the  heart  and  systemic  capillaries,  they 
differ  extremely  in  their  effects  on  the  nervous  tissue ;  ammonia 
being  particularly  distinguished  from  all  inorganic  compounds  in 
this  respect,  and  being  very  analogous  to  poisons  derived  from  or- 
ganic products,  which  it  also  resembles  in  its  chemical  properties. 

The  general  conclusion  which  the  author  is  led  to  draw  from  these 
researches  is,  that  there  exists  a  close  rdation  between  the  chemical 
properties  of  the  substances  experimented  upon,  and  their  physiolo- 
gical effects;  his  experiments  tending  to  prove,  that,  when  introduced 
into  the  blood,  substances  which  are  isomorphous  exert  similar  ac- 
tions on  the  living  tissues.  He  notices,  however,  two  exceptions 
to  this  law ;  namely,  the  similarity  of  the  actions  exerted  on  the  pul- 
monary tissue  by  the  salts  of  lead  with  those  of  silver,  although  these 
salts  are  not  isomorphous ;  and  also  the  action  on  the  nervous  tissue 
of  the  salts  of  ammonia  being  different  from  that  of  the  salts  of  potass. 
But  he  remarks  that  the  oxide  of  lead  bears  a  close  analogy  to  the 
oxide  of  silver  in  its  relation  to  organic  compounds.  The  general 
fsLCt  previously  announced  by  the  author  in  his  memoir  read  to  the 
Academy  of  Sciences  at  Paris,  namely,  that  salts  with  the  same  base 
have  analogous  actions,  may  be  considered  as  a  corollary  of  the 
above  law. 

February  4. — A  paper  was  read,  entitled,  "  On  some  Electro- 
Nitrogurets."     By  Wm.  Robert  Grove,  Esq..  M.A.,  F.R.S. 

The  author  states  that  he  has  made  many  attempts  to  render  per- 
manent the  ammoniacal  amalgam,  and  that  he  has  succeeded  in 
freezing  it  by  means  of  solid  carbonic  acid,  during  which  solidification, 
and  also  while  in  its  solid  state,  it  underwent  no  chemical  change. 
He  subsequently  attempted  to  procure  a  permanent  compound  by 
electrolyzing  a  solution  of  hydrochlorate  of  ammonia  with  an  ex- 
tremely frisible  alloy  at  the  cathode ;  but  this  attempt  was  unsuc- 
cessful. It  then  occurred  to  him,  that  by  using  an  oxidable  metal 
at  the  anode,  which  could  be  revived  in  conjunction  with  nascent 
hydrogen  and  nitrogen  at  the  cathode,  one  or  both  of  these  elements 
might  be  combined  with  the  solid  metal,  and  so  form  permanent 
compounds. 

The  experiment  made  in  this  manner  with  the  metals  zinc,  cad- 
mium, and  copper,  was  perfectly  successful.  A  spongy  mass  col- 
lected at  the  cathode,  which  floated  upon  the  liquid,  and  which, 
when  washed  and  dried,  was  analysed  by  heating  in  a  tube  retort ; 
five  grains  of  the  zinc  compound  gave  0*73  of  a  cubic  inch  of  perma- 
nent gas,  which  on  examination  proved  to  be  nitrogen  wiUi  one- 
fourth  hydrogen.  The  same  quantity  of  the  cadmium  compound 
gave  0"207  cubic  inch  of  nitrogen  with  no  admixture  of  hydrogen. 
A  like  weight  of  the  copper  compound  gave  0*107  of  nitrogen. 
No  ammonia  was  evolved  from  either ;  and  the  author  is  inclined  to 
think  that  the  hydrogen  yielded  by  the  zinc  compound  resulted  from 
the  reaction  of  the  metal  upon  combined  water.  The  specific  gra*> 
vity  of  specimens  of  these  substances  which  the  author  tried  were 
r^pectively  4*6,  4*8,  and  5'9,     A  mixed  solution  of  chloride  of 
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gold  and  hydrochlorate  of  ammonia,  electrolyzed  with  platinum  elec- 
trodes, gave  a  black  powder  of  the  specific  gravity  10*3 ;  five  grains 
of  which,  being  heated,  gave  only  O05  cubic  inch  of  gas.  The 
author  proceeds  to  observe,  that  the  similarity  in  appearance  and 
mode  of  formation  of  these  compounds  and  of  the  mercuno-ammo- 
niacal  amalgam,  is  strong  evidence  of  identity  of  constitution,  and  that 
the  non-permanence  of  the  latter  substance  is  due  to  the  mobility  of 
the  mercury ;  for  if  we  place  the  compounds  in  similar  circumstances, 
that  is,  solidify  the  mercurial  one,  or  liquefy  those  of  the  other  me- 
tals, the  phsenomena  are  perfectly  analogous.  The  experiments 
also  bear  immediately  upon  those  of  Th6nard,  Savart,  and  others, 
where  ammonia,  passed  over  heated  metals,  was  found  to  be  decom- 
posed more  completely  by  the  oxidable  than  by  the  inoxidable  me- 
tals, and  to  alter  their  physical  characters  without  materially  in- 
creasing their  weight*.  On  examining  papers  connected  with  this 
subject,  the  author  found  that  Mr.  Daniell  had  cursorily  noticed  a 
deposit  somewhat  analogous  to  those  here  treated  of,  which  was 
formed  upon  the  negative  plate  of  his  constant  battery  when  this 
was  charged  on  the  zinc  side  with  hydrochlorate  of  ammonia,  and 
the  nature  of  which  that  gentleman  observed  was  worthy  of  further 
examination,  but  had  not  had  time  to  investigate. 

February  11. — ^A  paper  was  read,  entitled,  '*  Contributions  to 
Terrestrial  Magnetism,  No.  2."  By  Major  Edward  Sabine,  R.A., 
V.P.R.S.t 

This  paper  is  the  second  of  a  series,  in  which  the  author  purposes 
to  communicate  to  the  Royal  Society  the  results  of  magnetic  ob- 
servations in  difiPerent  parts  of  the  globe,  having  for  their  object  to 
supply  the  requisite  data  for  deducing  the  numerical  elements  corre- 
sponding to  the  present  epoch  of  the  general  theory  of  terrestrial  mag- 
netism.    It  consists  of  two  sections ;  the  first  comprises  the  obser- 
vations of  Captain  Belcher,  R.N.,  and  the  ofiicers  of  H.  M.  S.  Sul- 
phur, at  twenty-nine  stations  on  the  west  coast  of  America,  and  the 
adjacent  islands,  between  the  latitudes  of  60°  21'  N.  and  18°  05'  S. 
The  second  contains  a  new  determination,  by  the  same  ofiicers,  of  the 
magnetic  elements  at  Otaheite,  made  in  consequence  of  the  discre- 
pancies in  the  results  obtained  by  previous  observers,  and  of  a  note 
in  M.  Grauss's  AUgemeine  Theorie,  in  which  Otaheite  is  spoken  of 
is  a  highly  important  station  for  the  future  improvement  of  the  cal- 
culations of  the  theory.     Abstracts  are  given  of  the  original  obser- 
irations  which  are  deposited  in  the  Hydrographic  Ofiice  of  the  Ad- 
miralty, as  well  as  a  full  detail  of  the  processes  of  reduction  by  which 
e  been  computed.    The  values  of  the  horizontal  and 
are  expressed  in  terms  by  which  the  results  of  ob- 
mediately  comparable  wi^  the  maps  of  MM.  Gauss 
le  "  Atlas  des  Erdmagnetismus." 
^tion  into  the  "  probable  error  "  of  a  single  inde- 

he  experiments  of  Savart  and  Despretz  on  this  subject 
lil.  Mag.,  Second  Series  (Phil.  Mag,  and  Annals,  N.  S.), 
jL  vi.  p.  147.] 

No.  1.  appeared  in  Phil.  Mag.,  Third  or  present  Series 
Mag.),  vol.  xvii.  p.  144.] 
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Laplace  is  true  only  of  spheroids  of  a  particular  kind,  and  conse- 
quently it  is  to  this  kind  that  Laplace's  solution  of  the  prohlem  is  re- 
stricted. The  method  given  in  the  present  paper  is  not  confined  in 
its  operation  to  any  particular  class  of  spheroids  ;  the  coefficients  of 
the  series  into  which  the  required  function  is  developed  being  deter- 
mined absolutely,  and  without  reference  to  the  form  of  the  spheroid 
to  which  they  are  to  be  applied.  The  principal  change  consists  in 
the  different  manner  of  treating  the  partial  differential  equation ; 
and  its  integration,  effected  by  the  author,  renders  the  analysis  more 
direct,  the  operations  more  simple,  and  the  theory  complete. 

February  18. — A  paper  was  in  part  read,  entitled,  "  Memoir  on 
a  portion  of  the  Lower  Jaw  of  an  Iguanodon,  and  other  Saurian 
Remains  discovered  in  the  strata  of  Tilgate  Forest,  in  Sussex."  By 
Gideon  Algernon  Mantell,  Esq.,  LL.D.,  F.R.S. 

February  25* — The  reading  of  a  paper,  entitled,  "  Memoir  on  a 
portion  of  the  Lower  Jaw  of  an  Iguanodon,  and  other  Saurian  Re- 
mains discovered  in  the  strata  of  Tilgate  Forest,  in  Sussex."  By 
Gideon  Algernon  Mantell,  Esq.,  LL.D.,  F.R.S.,  was  resumed  and 
concluded. 

When  the  author  communicated  to  the  Royal  Society,  in  the  year 
1825*,  a  notice  on  the  teeth  of  an  unknown  herbivorous  reptile, 
found  in  the  limestone  of  Tilgate  Forest,  in  Sussex,  he  was  in  hopes 
of  discovering  the  jaws,  with  the  teeth  attached  to  it,  of  the  same 
fossil  animal,  which  might  either  confirm  or  modify  the  inferences 
he  had  been  led  to  deduce  from  an  examination  of  the  detached 
teeth.    He  was,  however,  disappointed  in  the  object  of  his  search 
until  lately,  when  he  has  been  fortunate  enough  to  discover  a  por- 
tion of  the  lower  jaw  of  a  young  individual,  in  which  the  fangs  of 
many  teeth,  and  the  germs  of  several  of  the  supplementary  teeth, 
are  preserved.    The  present  paper  is  occupied  with  a  minute  and 
circumstantial  description  of  these  specimens,  and  an  elaborate  in- 
quiry into  the  osteological  characters  and  relations  presented  by  the 
extinct  animals  to  which  they  belonged,  as  compared  with  existing 
species  of  Saurian  reptiles ;  the  whole  being  illustrated  by  numerous 
drawings.    The  comparison  here  instituted  furnishes  apparently  con- 
clusive proof  that  the  fossil  thus  discovered  is  a  portion  of  the  lower 
jaw  of  a  reptile  of  the  Lacertine  family,  belonging  to  a  genus  nearly 
allied  to  the  Iguana.    From  the  peculiar  structure  and  condition  of 
the  teeth  it  appears  evident  that  the  Iguanodon  was  herbivorous ; 
and  from  the  form  of  the  bones  of  the  extremities  it  may  be  inferred 
that  it  was  enabled,  by  its  long,  slender,  prehensile  fore-feet,  armed 
ipirith  hooked  claws,  and  supported  by  its  enormous  hinder  limbs,  to 
pull  down  and  feed  on  the  foliage  and  trunks  of  the  arborescent 
ferns,  constituting  the  flora  of  that  country,  of  which  this  colossal 
reptile  appears  to  have  been  the  principal  inhabitant 

Some  particulars  are  added  respecting  various  other  fossil  bones 
found  in  Tilgate  Forest,  and  in  particular  those  of  the  Hylteosaurus, 
or  Wealden  Lizard  (of  which  genus  the  author  discovered  the  re- 
mains of  three  individuals),  and  of  several  other  reptiles,  as  the 

[*  See  Phil.  Mag.,  Second  Series,  vol.  ii.  p.  444 ;  v.  p.  153 ;  vii.  p.  54  : 
also  Third  Series,  vol.  v.  p.  77 ;  and  present  Number,  p.  568.] 
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MeffolosauruSf  Plesiosaurusy  and  several  species  of  Sieneosaurus^ 
Pterodactylv^y  and  Chelonia,  as  also  one  or  more  species  of  a  bird 
allied  to  the  Heron.  All  these  specimens  are  now  deposited  in  the 
British  Museum. 

A  paper  was  also  read,  entitled,  '*  On  a  Theorem  of  Fermat.*' 
By  Sir  John  William  Lubbock,  Bart,  V.P.,  and  Treas.  R.S. 

March  4. — A  paper  was  read,  entitled,  *'  Miscellaneous  Observa- 
tions on  the  Torpedo."   By  John  Davy,  M.D.,  F.R.S. 

The  experiments  described  in  this  paper  were  made  on  a  single' 
fish,  of  middle  size,  recently  taken  out  of  the  water.  Portions  of 
the  electrical  organs,  cut  transversely  in  thin  slices,  exhibited  under 
the  microscope  many  elliptical  particles,  apparently  blood-cor- 
puscles,  the  long  diameter  of  which  was  about  1- 800th,  and  the 
short  about  1 -1000th  of  an  inch,  and  a  few  filaments,  apparently 
nervous,  irregularly  scattered ;  some  of  them  tortuous,  and  all  about 
the  2000th  of  an  inch  in  diameter.  The  latter  bore  no  resemblance 
to  muscular  fibres,  llie  blood  contained  some  globular  ])article8» 
having  a  diameter  of  the  4000th  of  an  inch,  mixed  with  the  elliptical. 
The  mucus  for  lubricating  the  surface  was  found  to  contain  globules 
apparently  homogeneous  in  substance,  but  of  irregular  outline,  and 
in  size  varying  from  the  2000th  to  the  270thof  an  inch. 

A  paper  was  also  read,  entitled,  "  On  a  remarkable  property  of 
the  Diamond."  By  Sir  David  Brewster,  K.H.,  D.CL.,  F.R.S.L., 
V.P.R.S.  Ed. 

On  re-examining  the  phenomena  of  parallel  bands  of  light 
and  shade  exhibited  by  reflexion  at  the  plane  surface  of  a  diamond, 
which  the  author  had  noticed  some  years  ago,  he  concludes  that 
they  result  from  the  reflexions  of  the  edges  of  veins  or  laminae,  of 
which  the  visible  terminations  are  inclined  at  different  angles,  not 
exceeding  two  or  three  seconds,  to  the  general  surface.  He  gives 
an  account  of  several  analogous  facts  observable  in  other  crystals, 
more  especially  those  of  carbonate  of  lime,  artificially  polished  in 
surfaces  inclined  to  the  natural  planes  of  cleavage. 

March  1 1 . — ^The  following  papers  were  read  : 

1 .  "  On  a  Cycle  of  Eighteen  Years  in  the  Mean  Annual  Height  of 
the  Barometer  in  the  Climate  of  London ;  and  on  a  Constant  Varia- 
tion of  the  Barometrical  Mean,  according  to  the  Moon's  Declina- 
tion."    By  Luke  HoTi-ard,  Esq.,  F.R.S. 

For  obtaining  the  general  results  communicated  in  the  present 
paper,  the  author  has  followed  the  same  method  as  that  he  had 
adopted  in  the  two  former  papers  laid  before  the  Society  on  the  con- 
nexion of  the  barometrical  variation  with  the  lunar  phases  and  apsides. 
Tables  are  given  of  the  barometrical  averages  on  successive  solar 
years,  from  1815  to  1832,  so  constructed  as  to  exhibit  the  variation 
of  the  moon's  influence  according  to  her  declinarion ;  and  also  of 
these  averages  on  successive  cycles  of  nine  solar  years,  classed 
according  to  the  moon's  place  in  declination,  on  either  side  of  the 
equator,  llie  results  deduced  from  these  comparisons  are,  first, 
that  the  barometrical  mean  in  this  climate  is  depressed  by  the  moon's 
declination  being  to  the  south  of  the  equator ;  and,  secondly,  that 
this  depression  takes  place  gradually,  commencing  with  the  moon's 
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being  in  full  north  declination,  and  proceeding  through  her  remain- 
ing positions  to  the  time  when  she  crosses  the  equator  to  resume  the 
uortJiem  declination ;  at  which  season,  the  whole  pressure  that  had 
been  withdrawn  from  the  atmosphere  is  suddenly  restored.  The 
author  thinks  there  is  evidence  of  a  great  tidal  wave,  or  swell  in  the 
atmosphere,  caused  by  the  moon's  attraction,  preceding  her  in  her 
approach  to,  and  following  her  slowly  as  she  recedes  from  these  la- 
titudes ;  so  that  were  the  atmosphere  a  calm  fluid  ocean  of  air«  of 
uniform  temperature,  this  tide  would  be  manifested  with  as  great  re- 
gularity as  those  of  the  ocean  of  waters.  But  the  currents  uniformly 
kept  up  by  the  sun's  varying  influence  eflTectually  prevent  this  from 
taking  place,  and  involve  the  problem  in  complexity.  He  finds  that 
there  is  also  manifested  in  the  lunar  influence  a  gradation  of  effect, 
which  operates  through  a  cycle  of  eighteen  years.  The  mean  press- 
ure of  the  atmosphere  during  the  first  part  of  this  period  increases ; 
and  then,  after  preserving  for  a  year  its  maximum  amount,  again 
decreases  through  the  remaining  years  of  the  cycle,  but  exhibits, 
towards  its  minimum,  some  fluctuations  before  it  again  regularly 
increases*. 

2.  "  On  a  remarkable  depression  of  the  Barometer  in  November 
1840,  agreeing  very  closely  in  its  movements  and  results  with  that 
of  December  1821."     By  Luke  Howard,  Esq.,  F.R.S. 

The  object  of  the  author  in  the  present  paper  is  to  show  the  close 
correspondence  of  the  extraordinary  depression  of  the  harometer  in 
the  months  of  October  and  November  of  last  year  (1840),  and  of 
the  remarkably  stormy  weather  which  prevailed  at  the  same  period, 
with  similar  phenomena  occurring  in  December  1821,  when  the 
moon's  place  in  declination  underwent  the  same  changes  during 
those  two  periods,  at  an  interval  of  nineteen  years. 

3.  "  General  results  of  Meteorological  Observations  at  Constanti- 
nople." By  J.  W.  Redhouse,  Esq.  Communicated  by  John  Davy, 
M.D.,  F.R.S. 

4.  "Term-Observations  made  at  Prague  in  November  and  De- 
cember 1840,  and  January  1841."  By  C.  Kreil.  Communicated 
by  S.  Hunter  Christie,  Esq.,  M.A.,  Sec.  R.S. 

March  18. — ^The  following  Magnetical  and  Meteorological  Obser- 
vations, taken  in  conformity  with  the  Report  drawn  up  by  the  Com- 
mittee of  Physics  including  Meteorology,  for  the  guidance  of  the 
Antaictic  Expedition,  as  also  for  the  various  fixed  Magnetic  Obser- 
vatories, have  been  communicated  by  the  lx)rds  Commissioners  of 
the  Admiralty,  and  by  the  Master* General  of  the  Ordnance,  viz. — 

1.  "Magnetic-term  Observations,  taken  at  Kerguelen's  Land, 
for  May  and  June  1840."  By  Capt.  James  Clark  Ross,  R.N..  F.R.S., 
Commander  of  the  Expedition. 

2.  "  Hourly  Magnetic  Observations  taken  at  Kerguelen's  Land« 
commencing  May  25,  and  ending  June  27, 1840."  By  Capt.  James 
Clark  Ross,  R.N.,  F.R.6.,  &c. 

3.  "  Meteorological  Observations  taken  on  board  Her  Majesty's 
Ship  Erebus,  for  October,  November,  and  December  1839,  and  from 

[*  On  the  subject  of  this  paper  see  p.  555  and  559.] 
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January  to  August  1840."    By  Capt.  James  Clark  Roi 
F.R.S.,  &c. 

4.  "Meteorological  Observations  taken  on  board  Her  N 
Ship  Terror,  for  November  and  December  1839,  and  from  Ja 
July  1840."     By  Capt.  T.  B.  M.  Crozier.  R.N. 

5.  A  paper  was  also  in  part  read,  entitled,  "  On  the  Loca 
fected  by  Hoar-frost,  the  peculiar  currents  of  Air  excited  b; 
the  Temperature  during  its  occurrence  at  High  and  Low  St 
By  James  Farquharson,  LL.D.,  F.R.S.,  Minister  of  the  F 
Alford. 

March  25. — ^Tbe  following  communications  were  read,  vi 
1.  The  reading  of  a  paper  entitled,  "  On  the  Liocalities 
by  Hoar-frost,  the  peculiar  currents  of  Air  excited  by  it. 
Temperature  during  its  occurrence  at  High  and  Low  Statioi 
James  Farquharson,  LL.D.,  F.R.S.,  Minister  of  the  Parish  ol 
was  resumed  and  concluded. 

The  author  states  that  he  has  been  accustomed,  for  the  li 
years,  to  make  observations  on  the  occurrence  of  hoar-ftrost, 
circumstances  under  which  it  takes  place,  with  a  view  of  ol 
a  correct  explanation  of  the  causes  of  that  phsenomenon.  It 
known,  he  observes,  that  the  localities  chiefly  affected  wit 
frost  are  the  bottoms  of  valleys,  and  land-locked  places  of  a] 
whether  natural  or  artificial.  The  altitude  to  which  its  effec 
on  the  sides  of  the  valleys  is  dependent  on  the  mean  temper 
the  day  and  night  at  the  time  of  its  occurrence :  when  that 
rature  is  high,  the  lower  places  only  are  affected  by  the  frc 
when  low,  the  frost  extendsto  much  higher  grounds.  Hoar-froa 
only  during  a  calm  state  of  the  air,  and  when  the  sky  is  cle 
the  stillness  of  the  air  in  the  bottoms  of  the  valley  is  invarii 
companied  by  downward  currents  of  air  along  all  the  slopii 
of  the  valley ;  and  it  is  to  this  fact,  first  noticed  by  the  autfa 
he  wishes  more  particularly  to  direct  the  attention  of  the  So< 
affording  a  decisive  proof  of  the  correctness  of  the  views  he  ent 
being  in  accordance  with  the  theory  of  Dr.  Wells.  He  fin 
after  sunset,  in  all  seasons  of  the  year,  and  at  all  mean  temp< 
of  the  air,  and  whether  or  not  the  ground  be  covered  witl 
whenever  the  sky  is  clear,  although  there  may  be  a  dead  caln 
bottoms  of  the  vidleys,  currents  of  air,  more  or  less  strong  and 
run  downwards  on  the  inclined  lands,  whatever  may  be  theii 
with  reference  to  the  points  of  the  compass.  These  currents 
result  of  the  sudden  depression  of  temperature  sustained  by  t 
face  of  the  earth  in  consequence  of  rapid  radiation,  by  wfa 
stratum  of  air  in  immediate  contact  with  that  surface,  becomi 
cifically  heavier  by  condensation,  descends  into  the  valley, 
replaced  by  air  which  has  not  been  thus  cooled,  and  which  th 
prevents  the  formation  of  hoar-frost  on  the  surface  of  these  dec] 
2.  "  Term-Observations  of  Magnetic  Observations,  the  Vs 
of  the  Magnetic  Declination,  Horizontal  Intensity  and  Incl 
at  Prague;  for  June,  July,  September,  and  October  1840. 
Prof.  KreiL   Communicated  by  S.  Hunter  Christie,  Esq.,  Se 
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3.  "  Tenn-Obtervations  of  the  Variation  of  the  Magnetic  Dedi- 
nation.  Horizontal  Intensity  and  Inclination  at  Milan;  for  June 
1840."  By  Francesco  Carlini,  For.  Memb.  R.S.,  Director  of  the 
Observatory. 

4.  "  On  Ground-gru,  or  ice  formed,  under  peculiar  circumstances, 
at  the  bottom  of  running  water."  By  James  Farquharson,  LL.D., 
F.R.S.,  Minister  of  the  Parish  of  Alford. 

The  author  brings  forward  in  this  paper  several  recent  observa- 
tions on  the  formation  of  ice  at  the  bottom  of  rivers,  the  conditions 
of  which  corroborate  the  views  regarding  the  cause  of  that  ph«no- 
menon^  which  he  presented  in  a  paper  on  this  subject,  published  in 
the  Philosophical  Transactions  for  1835  (p.  329)  *,  namely,  that  it 
occurs  in  consequence  of  the  loss  of  heat  by  radiation  from  the  bot- 
tom of  the  water,  in  a  manner  precisely  analogous  to  the  formation 
of  hoar-frost  on  the  surface  of  dry  land,  as  first  explained  by  Dr. 
Wells.  He  then  answers  some  of  the  objections  to  that  theory  pro- 
pounded in  an  article,  under  the  title  of  GaouNO-Gau,  in  the  Penny 
Cyclopedia,  and  shows  that  those  objections  are  founded  in  error, 
and  possess  no  validity. 

5.  "  Meteorological  Observations  made  at  the  Magnetic  Observa^ 
tory  at  St.  Helena,  from  February  to  October  1840."  By  lieat. 
J.  H.  Lefroy,  R.A. 

6.  "  Meteorological  Observations  made  at  the  Magnetic  Observa- 
tory at  Toronto,  Upper  Canada,  from  January  to  October  1840." 
By  lieut.  £.  J.  B.  Riddell,  R.A. 

7.  "  Observations  on  Magnetic  Direction  and  Intensity  made  at 
the  Observatory  at  Milan  during  the  24th,  26th  and  27th  of  January 
1841."    By  Prof.  Carlmi. 

8.  "  Note  on  an  irregularity  in  the  Height  of  the  Barometer,  of 
which  the  argument  is  ttie  Declination  of  ti^e  Moon."  By  Sir  John 
William  Lubbock,  Bart.,  V.P.  and  Treas.  R.S. 

In  the  Companion  to  the  British  Almanac  for  1839,  the  author  in- 
serted some  results  which  were  obtained  with  a  view  of  ascertaining 
the  influence  of  the  moon  on  the  barometer  and  on  the  dew-point. 
Mr.  Luke  Howard's  researches  on  this  subject  (atUe,  p.  552)  having 
recalled  his  attention  to  that  paper,  he  found  that  some  of  the  results 
he  had  given  appeared  to  indicate  that  the  moon's  position  in  decli- 
nation influences  the  barometer.  In  order  to  render  this  more  ma- 
nifest, he  combines  in  the  present  paper  all  the  observations  he  gave 
in  the  Companion  to  the  British  Almanac  in  three  categories.  These 
observations  correspond  to  different  angular  distances  of  the  moon 
firom  the  sun,  or  times  of  transit ;  but  as  the  inequality  of  the  ocean, 
of  which  the  argument  is  the  moon's  declination,  is  independent,  or 
very  nearly  so,  of  the  time  of  the  moon's  transit,  it  is  probable  that  so 
also  is  that  in  the  height  of  the  barometer.  In  this  case  we  may 
with  propriety  combine  in  the  same  category  observations  which 
correspond  to  similar  declinations,  although  to  different  times  of 
transit.     The  results  stated  by  the  author  seem  to  indicate  an  ele- 

r*  An  abstract  of  this  paper  will  be  found  in  Phil.  Mag.,  Third  Series, 
ruL  viL  p.  Id7*] 
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vation  of  nearly  one-tenth  of  an  inch  for  17  degrees  of  declinatioii. 
The  inequality  has  a  contrary  sign  to  the  inequality  of  the  same  ar- 
gument in  the  tides  of  the  ocean. 

April  1. — The  following  letter,  addressed  to  the  President*  was 
read:— • 

<'  A,  Trafalgar  Sqaare,  London,  March  25th,  1841. 

"  Mt  Loan, — I  have  the  honour  of  transmitting  to  Your  Lordship 
for  presentation  to  the  Royal  Society,  an  original  portrait  of  Sir 
Isaac  Newton  by  Vanderhank,  a  Dutch  painter  of  some  note  in  that  age. 

"  This  picture  has  now  been  many  years  in  my  possession,  and  the 
tenure  by  which  I  have  kept  it  (as  a  collateral  descendant  of  so 
illustrious  a  man)  was  too  flattering  not  to  have  been  a  source  of 
great  personal  gratification. 

"  But  I  consider  such  a  portrait  to  belong  of  right  to  the  scientific 
world  in  general,  and  more  especially  to  that  eminently  distinguished 
Society  of  which  Newton  was  once  the  head,  and  which  is  now  so 
ably  presided  over  by  Your  Lordship. 

"I  have,  therefore,  to  request  Your  Lordship  will  do  me  the 
honour  to  present  this  original  portrait  of  Sir  Isaac  Newton  to  the 
Royal  Society  in  my  humble  name. 

"  Accident  having  destroyed  some  of  the  papers  of  my  family,  I 
am  unable  of  myself  to  trace  the  entire  history  of  this  portrait,  but  I 
believe  more  than  one  member  of  the  Royal  Society  is  competent  to 
do  so,  and  it  is  well  known  to  collectors ;  and  a  small  mezzotinto 
engraving  of  it  was  published  about  forty  years  ago.  It  was  painted 
the  year  before  Newton  died,  and  came  into  the  family  of  the  cele- 
brated Lord  Stanhope,  who  left  it  by  his  will  to  my  grandfather, 
the  late  Dr.  Charles  Hutton,  a  distinguished  member  of  the  Royal 
Society,  expressly  on  the  well-authenticated  account  of  that  eminent 
mathematician  having  been  remotely  descended  from  Sir  Isaac  New- 
ton, in  the  foUowing  way,  as  I  find  on  a  family  manuscript ;  viz. 
*  that  the  mother  of  the  well-known  James  Hutton  and  the  mother 
of  Dr.  Charles  Hutton  were  sisters  ;  and  the  grandmother  of  James 
Hutton  and  the  mother  of  Sir  Isaac  Newton  were  also  sisters.' 

"  I  have  ever  considered  this  very  distant  connexion  with  so  great 
a  man  should  not  be  an  inducement  to  lead  me  into  any  but  casual 
mention  of  the  circumstance,  that  I  might  avoid  the  imputation  of 
a  vain  boast ;  nor  would  it  have  been  brought  forward  now,  except 
to  explain  the  cause  by  which  this  portrait  came  into  the  possession 
of  an  individual  who  is  happy  in  relinquishing  it  to  grace  the  Hall 
of  Meeting  of  the  Royal  Society. 

"  I  have  the  honour  to  subscribe  myself, 
*'  Your  Lordship's  very  obedient  humble  Servant, 

•*  Charles  Vignollbs." 
"  The  Right  Honourable  the  Marquess  of  Northampton, 
S(C.         SfC.        SfC. 
President  of  the  Royal  Society" 

The  following  papers  were  read,  viz.— 

1.  <*A  Meteorological  Journal  for  1840,  kept  at  AUenheads, 
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Northumberland,  \^ith  a  few  remarks  on  the  Rain-gauge." 
Rev.  W.  Walton,  F.R.S. 

The  author  shows  that  if  the  mouth  of  a  rain-gauge  be  placed  in 
any  plane  which  is  not  perfectly  horizontal,  the  results  will  be  liable 
to  inaccuracy,  whatever  may  be  the  direction  in  which  the  rain  falls. 
He  thinks  that,  on  many  occasions,  the  drops  of  rain  diminish  in 
their  size  during  their  descent  on  entering  warmer  regions  of  the 
atmosphere,  so  as  finally  to  disappear. 

2.  *'  The  Scholar's  Lute  among  the  Chinese."  By  —  Lay,  Esq. 
Communicated  by  S.  H.  Christie,  Esq.,  Sec.  R.S. 

The  Kin,  which  is  the  stringed  instrument  here  described,  was 
the  one  played  upon  by  Confucius  and  the  sages  of  antiquity,  and  is 
therefore  hdd  sacred  by  men  of  letters.  It  is  made  of  the  Woo-tung, 
or  Dryandria  cordifoHa.  It  is  convex  above  and  plane  below,  and  is 
wider  at  one  end  than  at  the  other ;  it  has  two  quadrangular  aper- 
tures in  the  plane  surfieice,  which  open  into  as  many  hollows  within 
the  body  of  the  instrument ;  and  it  is  furnished  with  seven  silken 
strings  of  different  diameters,  which  pass  over  the  smaller  end,  and 
are  ^stributed  between  two  immovable  pegs  below.  A  bridge 
within  a  short  distance  of  the  wider  extremity  gives  these  stringy 
the  necessary  elevation  and  a  passage  to  the  under  surface,  where,  by 
means  of  a  row  of  pegs,  they  are  tightened  or  relaxed  at  pleasure. 
The  length  of  the  sounding-board  is  divided  by  thirteen  studs  of 
nacre,  or  mother-of-pearl,  as  a  guide  for  the  performer ;  and  they 
are  placed  so  that  the  length  of  each  string  is  bisected,  trisected,  &c., 
that  is,  divided  into  aliquot  parts  as  far  as  the  eighth  subdivision,  with 
the  omission  of  the  seventh,  the  number  of  sections  being  repre- 
sented by  the  arithmetical  series 

2,  3,  4,  5,  6,  0,  8. 
Thus  the  intervals,  or  magnitudes  of  the  different  tones  sounded  by 
this  instrument,  do  not  accord  with  those  produced  on  our  violin» 
but  agree  more  with  the  old  Scotch  music.  The  study  of  this  in- 
strument, and  the  art  of  playing  upon  it,  are  rendered  extremely 
difficult  by  the  complexity  of  the  Chinese  notation  of  written  music, 
which  leaids  to  frequent  omissions  and  blunders.  Thus  every  air 
which  a  Chinese  plays  has  cost  him  the  labour  of  many  months  to 
learn;  and  so  tiresome  is  this  acquisition,  that  the  author  has  heard 
some  extemporize  very  prettily  without  being  able  to  play  a  single 
air.  Their  performance,  however,  is  very  graceful ;  and  though  the 
melody  be  simple,  every  scope  is  given  to  variety  by  the  mode  of 
touching  the  strings.  The  author  enters  into  an  examination  of  the 
musical  theory  of  the  sounds  produced  by  this  instrument. 
April  22.^The  following  papers  were  read,  viz. — 

1 .  Magnetic-term  Observations  taken  on  board  H.M.S.  Erebus 
&nd  Terror,  at  Hobart  Town,  on  the  29th  and  dOth  August,  and 
the  23rd  and  24th  September,  1840,  by,  and  under  the  direction  of 
James  Clark  Ross,  Captain  R.N.,  F.R.S.,  and  Commander  of  the 
Antarctic  Expedition. 

2.  Magnetic-term  Observations  made  at  the  fixed  Magnetic  Obser- 
vatory, Van  Diemen's  Land,  on  the  28th,  29th  and  30th  August, 
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and  the  2drd  and  24th  September,  1840;  by  James  Cbu 
Captain  R.N.,  F.R.S.,  Commander  of  the  Antarctic  Ezpedi 

3.  Hourly  Magnetic  Observations  for  Augost  and  Sq 
1840,  taken  at  ti^e  Ship's  Magnetic  Observatory,  Van  I 
Land,  under  the  direction  of  James  Clark  Ross,  Captaii 
F.R.S.,  Commander  of  the  Artarctic  Expedition. 

The  above  papers  were  communicated  by  the  Lords  Com] 
ers  of  the  Admiralty. 

4.  Variation  de  la  d^clinaison,  intensity  horizontal  et  in< 
magn^tique,  observes  k  Milan,  pendant  vingt-quatre  heures  < 
le  24  et  25  Fevrier  et  Mars,  1841,  par  Signior  Carlini,  Fom. 
R.S. 

5.  "  Remarks  on  the  Birds  of  Kerguelen's  Land."  By  R. 
mick,  Esq.,  Surgeon  R.N.  of  H.M.S.  Erebus.  Communis 
the  Lords  Commissioners  of  the  Admiralty. 

The  birds  usually  met  with  by  the  author  in  this  islai 
petrels  and  penguins ;  and  besides  these,  he  found  two  sf 
gulli  a  duck,  a  shag,  a  tern,  a  small  albatros,  and  a  species  of  i 
and  also  a  remarkable  nocturnal  bird  allied  to  the  Procellmrii 
notices  are  given  of  the  forms  and  habits  of  these  birds. 

6.  "  Geological  Remarks  on  Kerguelen's  Land*"  By  R. 
mick,  Esq.,  Surgeon  R.N.  of  H.M.S.  Erebus.  C<Hnmunii 
the  Lords  Commissioners  of  the  Admiralty. 

The  northern  extremity  of  the  island  is  described  as  being 
of  volcanic  origin.  The  trap  rocks,  of  which  the  headlands  i 
posed,  form  a  succession  of  terraces  nearly  horizontal.  Bass 
prevailing  rock:  it  assumes  the  prismatic  form,  and  pas 
greenstone,  and  the  various  modifications  of  amygdaloid  i 
phyry.  The  general  direction  of  the  mountain-ranges  inc 
the  south-west  and  north-east,  and  they  vary  in  hei^t  froa 
2500  feet.  Many  of  the  hills  are  intersected  by  trap  dykes, 
of  basalt.  Several  conical  hills,  with  crater-shaped  sumn 
found,  evidently  the  remains  of  volcanic  vents.  Three  or  i\ 
singular  isolated  hills,  composed  of  an  igneous  slaty  sandston 
in  Cumberland  Bay,  presenting  very  smooth  outlines,  and  cc 
of  piles  of  broken  fragments,  through  which  the  mass  proti 
places,  in  prismatic  columns.  Vast  quantities  of  dibri*  ai 
mulated  at  the  base  of  the  hills,  in  many  places  to  the  heigh 
or  300  feet  or  more,  affording  strong  evidence  of  die  rapid 
gration  this  land  is  undergoing,  from  the  sudden  atmosphei 
situdes  to  which  it  is  exposed. 

The  whole  island  is  deeply  indented  by  bays  and  inlets, 
surface  intersected  by  numerous  small  lakes  and  water 
These,  becoming  swollen  by  the  heavy  rains,  which  altemi 
frost  and  snow,  rush  down  Uie  sides  of  the  mountains  and  a] 
ravines  in  countless  impetuous  torrents,  forming,  in  many 
beautiful  foaming  cascades,  wearing  away  the  rocks,  and  i 
the  platforms  and  valleys  below  with  vast  fragments  of  ro 
slopes  of  rich  alluvium,  the  result  of  their  decompoaition. 

The  most  remarkable  geological  feature  in  the  island  is  tb 
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renoe  of  fossil  wood  and  coal,  and  what  is  still  more  extraordinary, 
these  are  imbedded  in  the  igneous  rocks.  The  wood,  which  is  for 
the  most  part  highly  silicified,  is  found  enclosed  in  the  basalt; 
whilst  the  coal  crops  out  in  ravines,  in  dose  contact  with  the  over* 
lying  porphyritic  and  amygdaloidal  greenstone. 

A  few  outline  sketches  of  the  rocks  and  scenery,  in  various  parts 
of  the  island,  accompany  this  paper. 

A  paper  was  also  in  part  read,  entitled,  "  On  the  proportion  of 
the  prevailing  Winds,  the  mean  Temperature,  and  depth  of  Rain  in 
the  climate  of  London,  computed  through  a  cycle  of  eighteen  years, 
or  periods  of  the  Moon's  Declination."  By  Luke  Howard,  Esq., 
F.R.S. 

April  29. — ^The  reading  of  Mr.  Howard's  paper  was  resumed  and 
concluded. 

In  this  paper  the  author  investigates  the  periodical  variations  of 
the  winds,  rain  and  temperature,  corresponding  to  the  conditions  of 
the  moon's  declination,  in  a  manner  siinilar  to  that  he  has  already 
followed  in  the  case  of  the  barometrical  variations,  on  a  period  of 
yc9n  extending  from  1815  to  1832  inclusive.  In  each  case  he  givea 
tables  of  the  average  quantities  for  each  week,  at  the  middle  of  which 
the  moon  is  in  the  equator,  or  else  has  either  attained  its  maximum 
north  or  south  declination.  He  thus  finds  that  a  north-east  wind  is 
most  promoted  by  the  constant  solar  influence  which  causes  it,  when 
the  moon  is  about  the  equator,  going  from  north  to  south ;  that  a 
south-east  wind,  in  like  manner,  prevails  most  when  the  moon  is 
proceeding  to  acquire  a  southern  declination ;  that  winds  from  the 
south  and  west  blow  more  when  the  moon  is  in  her  mean  degrees 
of  declination,  going  either  way,  than  with  a  full  north  or  south 
declination  ;  and  that  a  north-west  wind,  the  common  summer  and 
fair  weather  wind  of  the  climate,  affects,  in  like  manner*  the  mean 
declination,  in  either  direction,  in  preference  to  the  north  or  south, 
and  most  when  the  moon  is  coming  north. 

He  finds  the  average  annual  depth  of  rain,  faUing  in  the  neigh* 
boorhood  of  London,  is  25*17  inches. 

From  his  observations  on  the  temperature,  he  deduces  the  follow- 
ing conclusions : — 1.  That  the  pressure  of  an  atmospheric  tide« 
wUch  attends  the  approach  of  the  moon  to  these  latitudes,  raises 
the  mean  temperature  0'35  of  a  degree.  2.  That  the  rarefaction 
under  the  moon  in  north  declination  lowers  the  temperature  0*13 
of  a  degree.  3.  That  the  northerly  swell  following  the  moon 
as  she  recedes  to  the  south  forther  cools  the  air  0*18  of  a  degree. 
4.  That  this  cold  continues  while  the  moon  is  away  south,  reducing 
the  mean  temperature  yet  lower  by  0*04  of  a  degree  *. 

The  following  papers  were  then  read : — 

1.  "A  new  Method  of  solving  Numerical  Equations."  By  Mr. 
Thomas  Weddle,  of  Stamfordham.  Communicated  by  S.  H.  Christie, 
E«i.,  M.A.,  Sec.  R.S. 

The  object  of  this  paper  is  to  develope  a  new  and  remarkably 

[*  On  the  subject  of  this  paper  see  ante,  p.  562  and  p.  565.] 
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simple  method  of  approximating  to  the  real  roots  of  numerics 
tions,  which  possesses  several  important  advantages.  Af 
scribing  the  nature  of  the  transformations  which  are  subset 
employed,  the  author  proceeds  to  develope  the  process  he  i 
obtaining  one  of  the  roots  of  a  numerical  equation.  Pftssu 
the  difficult  question  of  determining  the  limits  of  the  roots,  1 
poses  the  first  significant  figure  (R)  of  a  root  to  have  been  ascei 
and  transforms  the  proposed  equation  into  one  whose  roots 

roots  of  the  original,  divided  by  this  figure  (  or  -  j  :  one  root 

equation  lying  between  1  and  2,  the  first  significant  figure  (r 
decimal  part  is  obtained,  and  the  equation  transformed  into  i 
whose  roots  are  those  of  the  former,  divided  by  1  +  this  \ 
(or  1  +r).  This  last  equation  is  again  similarly  transformed 
transformations  being  readily  effected  by  the  methods  first 
Proceeding  thus,  the  root  of  the  original  equation  is  obtainec 
form  of  a  continued  product.  After  applying  this  method  to 
a  root  of  an  equation  of  the  4th,  and  likewise  one  of  the  5th 
the  author  applies  it  to  a  class  of  equations  to  which  he  cons 
peculiarly  adapted,  namely,  those  in  which  several  terms  an 
ing.  One  of  these  is  of  the  1 6th  degree,  having  only  six 
and  another  is  of  the  622nd  degree,  having  only  four  terms. 

2.  "  Additional  Note  on  the  Contraction  of  Voluntary  Mu 
the  living  body."  By  William  Bowman,  Esq.,  F.R.S.,  Demoi 
of  Anatomy  in  King's  College,  London,  and  Assistant  Sur| 
King's  College  Hospital*. 

This  communicatipn  contains  a  short  account 
aminations  made  by  the  author  on  the  human  m 
by  tetanus.  The  effect  of  the  violent  contracti( 
ize  this  disease,  is  to  produce,  in  many  parts  o 
siderable  ecchymosis,  which  gives  the  contigi 
and  gray  aspect.  In  other  places  the  muscles 
sure,  their  fine  fibrous  character,  and  exhibit  a 
which  is  easily  torn.  The  primitive  fasciculi,  i 
examined,  present  indications  of  strong  coi 
swollen  into  a  fusiform  shape,  and  having  thei 
some  parts  much  more  closely  approximated,  an( 
to  much  greater  distances  than  in  the  natural  sta 
obliterated,  in  consequence  of  the  whole  texti 
into  those  primitive  elements  of  which  the  discs  i 
frequently  they  are  broken  across  without  a  cc 
of  the  sarcolemma. 

The  author  is  led  from  his  observations  to  the  conclusiom 
that  the  contraction  of  a  muscle  is  the  essential  cause  of  its  n 
2ndly,  that  there  is  no  repellent  force  between  the  contract 
ments  of  muscular  fibre  ;  and,  lastly,  that  the  contraction  of 

[*  An  abstnict  of  Mr.  Bowman's  former  paper  appeared  in  Pfa 
Third  Series,  yol.  xvii.  p.  386.] 
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tary  muscle  is  not  a  sustained  act  of  the  whole  congeries  of  contract 
tile  elements  composing  it,  but  a  rapid  series  of  partial  acts,  in  which 
all  duly  share,  becoming  by  turns  contracted  and  relaxed. 

The  paper  is  accompanied  by  drawings  of  the  microscopic  appear- 
ances therein  described. 

May  6. — The  following  papers  were  read,  viz. — 

1 .  "  Investigation  of  a  New  and  Simple  Series,  by  which  the 
Ratio  of  the  Diameter  of  a  Circle  to  its  Circumference  may  easily 
be  computed  to  any  required  degree  of  accuracy."  -  By  William 
Rutherford,  Esq.,  of  the  Royal  Military  Academy,  Woolwich. 
Communicated  by  Samuel  Hunter  Christie,  Esq.,  M.A.,  Sec.  R.S. 

Among  various  fprmulse  for  the  rectification  of  the  circle  discovered 
by  the  author^  he  has  found  the  one  given  in  this  paper  to  be  that 
best  fitted  for  computation ;  and  he  has  been  enabled  by  means  of  it, 
with  comparatively  little  labour,  to  extend  the  number,  expressing  the 
ratio  of  the  diameter  to  the  circumference,  to  208  places  of  decimals, 
a  degree  of  accuracy  hitherto  unattainable,  without  a  great  amount  of 
labour,  by  means  of  any  of  the  series  which  have  yet  been  employed. 

The  celebrated  series  of  Mr.  John  Machin,  for  the  rectification  of 
the  circle,  is  derived  ^m  the  formula 

^=4tan"^-l-tan"^-L, 
4  5  239 

which  converges  vrith  considerable  rapidity,  but  gives  rise  to  tedious 
computations,  in  consequence  of  the  divisor  239  being  a  prime  num- 
ber.    But  by  converting  the  above  formula  into  the  following, 

!^=4tan"^— — tan"  — +tan"  -i. 
4  5  70^  99* 

bich  the  extended  computation  above  men- 
Bd. 

utation  are  then  stated  in  detail,  and  the 
ven  to  208  places  of  decimals,  which  is  pre- 
>  the  last  figure,  the  computations  having 
far  as  210  figures. 

ma  of  thin  plates  of  Solid  and  Fluid  Sub- 
sed  light."  By  Sir  David  Brewster,  K.H., 
L.S.  Ed. 

estigationof  the  phsenomena  described  in 
educes  the  important  law,  that  when  two 
id  from  the  surface  of  a  thin  plate,  l3ring  on 
lifferent  refractive  power,  interfere,  half  an 
d  white- centred  rings  are  produced.  When 
90^,  the  pencils  do  not  interfere,  and  no 

GEOLOGICAL   SOCIETY. 
^Continued  from  p.  527 •] 
June  10,  1840  (Continued). — On  the  mineral  veins  of  the  Sierra 
Almagrera»  in  the  province  of  Almeria,  in  the  South  of  Spain,  by 
J.  Lambert,  Esq.,  F.G.S. 

The  Sierra  Almagrera  extends  from  the  mouth  of  the  Almanzora 
Phil.  Mag,  S.  3.  Vol.  18.  No.  120.  SuppL  July  1841.  2  O 
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by  porpliyiies,  trachytes  and  basalts,  which  are  stated  to  present 
Tery  singwkr  phsBnomeiia.  Ghieiss  projects  above  the  tertiary  strata 
in  many  places. 

The  paperwas  accompanied  by  speaunens  of  galena,  of  which  the 
following  analyses  are  given  in  ^e  paper  itself : — 
Spedmen,  No.  1 ^  70*8  percent  Lead  1*05 per  cent  Silver  lOos.pergal. 

2.  Radiated  62-1     0*65 I0J5     •- 

9.  Black  „.  22*25 0-325 S-j     — 

About  400  tons  of  numbers  1  and  2,  have  been  extracted  from 
the  mine  daring  the  months  it  had  been  worked ;  and  the  produce 
about  the  time  the  paper  was  written  was  fifteen  tons  a  day* 

A  notice  on  the  Sierra  de  (iador,  and  its  lead  mines,  by  Josias 
Lambert,  Esq.,  F.O.S. 

The  Sierra  de  Gador,  celebrated  for  its  lead  mines,  is  situated  be- 
tween tlie  Sierra  Nevada  and  the  Mediterranean.  Its  length  from 
west  to  east  is  nearly  forty  mfles ;  its  breadth  varies  from  five  to 
ten  miles,  and  its  highest  point, — the  CoUado  de  los  Valientes^ 
near  its  western  extremity, — is  upwards  of  6000  feet  above  the  sea. 
From  that  point  eastward,  the  height  gradually  decreases  till  it 
is  reduced  near  the  Almeria  to  the  level  of  that  river.  The 
southern  £sce  is  precipitous,  and  from  its  base  to  the  Mediterranean 
extends  the  tertiary  plain  of  Delias.  The  western  flank  is  also  pre- 
cipitous, but  the  northern  fisce  rises  more  gently  from  the  river  Al- 
meria, which  separates  the  Sierra  de  Oador  from  the  Sierra  Nevada. 

The  principal  mass  of  this  range  of  mountains  is  composed  almost 
exdnsively  of  a  limestone,  considered  by  Mr.  Lambert  to  belong  to 
the  lowest  of  the  transition  rocks,  because  its  stratification  is  in 
general  conformable  to  that  of  the  nucleus  of  the  Sierra  Nevada^ 
and  because  it  is  believed  to  contain  no  organic  remains.  It  is.of  a 
grey  or  dark  colour,  and  of  a  compact  or  finely  grained  texture,  but 
it  is  sometimes,  though  rarely,  friable.  It  passes  downwards  by 
alternations  and  transitions  into  chiy-slate,  telcose  or  mica-slate, 
and  in  the  upper  part,  it  is  connected  with  breccias  and  limestone 
conglomerates* 

The  limestone  is  generally  traversed  by  veins  of  calcareous  spar 
and  fluor  spar,  frequentiy  so  arranged  as  to  resemble  the  stripes  in 
the  skin  of  a  zebra.  It  \b  also  occasionally  magnetic,  on  account  of 
disseminated  particles  of  magnetic  iron.  The  stratification  is  regu- 
lar in  some  places,  but  it  generally  presents  great  inflexions  and 
disruptions,  and  curves  of  a  thousand  different  natures.  The  pre- 
vailing strike  of  the  beds  is  from  east  to  west,  but  from  the  western 
base  of  the  mountain  at  Castala  to  near  the  highest  point  in  the 
Loma  del  Sueno  and  Collado  de  los  Valientes,  it  is  from  north  to 
south.  The  inclination  of  the  beds  varies  very  much  both  in  direc- 
tion and  inclination ;  the  former  being  sometimes  south,  but  often 
north,  and  occasionally  east;  and  the  latter  differing  from  15^  to 
45^.  The  beds  are  for  the  greater  part  compact,  but  the  higher 
consist  of  a  breccia,  mixed  witii  slate-clay  and  clayey  ochres.  The 
stratification  in  these  beds  is  sometimes  well  pronounced,  and. at 
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others  less  so,  being  of  great  thickness.  The  fragments  of  the 
reous  breccia  are  angular  and  of  various  sizes,  and  are  cemeni 
carbonate  of  lime. 

In  the  ravine  of  Cartala,  protruded  masses  of  trap,  cont 
veins  of  asbestos,  amphibole,  and  porcellanite,  are  stated  to  ha^ 
located  the  strata ;  an  inconsiderable  vein  of  trap  is  also  des 
as  interposed  between  two  beds  of  limestone,  llie  slate 
near  the  masses  of  trap,  are  said  to  be  frequently  of  a  green  c 

At  the  eastern  extremity  of  the  chain,  the  limestone  is  oi 
by  beds  of  gypsum,  containing  masses  and  strings  or  small  v< 
native  sulphur. 

There  is  no  doubt  that  mines  in  this  mountain  chain  were  *¥ 
by  the  Romans.  The  ore  is  generally  found  in  nests  or  mai 
inconsiderable  size ;  also  in  veins  and  branches  of  limited  exi 
any  constant  direction,  crossing  each  other,  and  forming  ( 
always  conmiunications  between  the  nests.  Mr.  Lambert  is 
fore  induced  to  consider  these  metallic  accumulations  as  of  cc 
poraneous  origin  with  the  limestone.  At  the  mine  of  Arm 
the  western  edge  of  the  Sierra,  the  ore  occurs  between  two  I 
limestone,  having  the  same  direction  east,  20°  north,  and  d 
with  them  80°  to  the  N.E.  It  is  one  foot  thick,  and  is  accom 
by  clay.  The  same  agreement  has  been  found  in  Santa  Rosa, 
Catalina,  Cruzados,  IVinidad  primero,  and  in  all  the  mines  u 
upon  the  western  declivity,  looking  towards  Bexja. 

In  the  Loma  del  Sueno,  and  the  interior  parts  of  the  Sierra* 
the  beds  incline  only  20°  to  30°,  but  frequently  exhibit  grei 
locations,  which  change  their  position  entirely,  and  often 
crests,  fissures,  and  hollows  filled  with  argillaceous  substano 
found  the  greatest  masses  of  ore,  lying  between  the  beds,  an 
fomyng  to  all  their  modifications.  Fluor  almost  always  a 
panics  the  galena. 

One  level  has  been  carried  nearly  600  yards  in  length,  frc 
bottom  of  a  precipice  of  nearly  equal  altitude,  in  order  to  \ 
mine  the  rich  deposits  on  the  edge  of  the  Loma  del  Suei 
hitherto  nothing  has  been  met  with  but  compact  and  slat} 
stone.  Mr.  Lambert  therefore  infers,  that  the  ore  is  more 
ficial,  and  he  adds,  there  is  no  instance  of  its  having  been  fo 
a  greater  depth  than  200  yards  from  the  surface. 

The  lower  parts  of  the  fissures  which  traverse  the  limestoi 
frequently  filled  with  fragments  of  ore  enveloped  in  a  red 
soil,  and  associated  with  angular  as  well  as  rounded  fragm< 
limestone.  In  the  alluvial  detritus  of  the  ravines,  and  tl 
deltas  at  their  mouth,  fr'agments  and  masses  of  ore  have  be 
tracted,  often  in  considerable  quantities,  and  at  the  Pecho 
Lastras  to  the  extent  of  100,000  tons. 

In  the  limestone  mountains  which  stretch  westward  fro 
Sierra  de  Gador  to  Marbella,  within  forty  miles  of  (Hbralta 
ore  is  found  in  variable  quantities,  but  not  so  abundantly  as 
Sierra  de  Gador. 

In  cgnclusioni  Mr.  Lambert  observesi  that  the  improvidei 
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thod  of  working  the  ore  in  that  mountain  is  fast  destroying  the 
best  mines  ;  that  new  trials  have  not  been  attended  with  anything 
like  success ;  and  that  the  hardness  of  the  rock  renders  sinkings 
very  expensive,  and  compels  adventurers  with  limited  funds  to  aban- 
don their  undertakings,  unless  ore  be  speedily  obtained. 

On  the  polished  and  striated  surfaces  of  the  rocks  which  form 
the  beds  of  Glaciers  in  the  Alps,  by  Professor  Agassiz. 

This  paper  was  accompanied  by  a  series  of  plates  intended  to  re- 
present the  effect  of  glaciers  upon  the  rocks  over  which  they  move. 

These  effects,  consisting  of  surfaces  highly  polished,  and  covered 
with  fine  scratches,  either  in  straight  lines  or  curvilinear,  according 
to  the  direction  of  the  movement  of  the  glacier,  are  constantly  found, 
not  only  at  the  lower  extremity,  where  they  are  exposed  by  the 
melting  of  the  glaciers,  but  abo,  wherever  the  subjacent  rock  is 
examined,  by  descending  through  deep  crevices  in  the  ice.  Grains 
of  quartz  and  other  fragments  of  fallen  rocks,  which  compose  the 
moraines  that  accompany  the  glaciers,  have  afforded  the  material 
which,  moved  by  the  action  of  the  ice,  has  produced  the  polish  and 
scratches  on  the  sides  and  bottom  of  the  Alpine  valleys  through  which 
the  glaciers  are  continually,  but  slowly  descending.  It  is  impossible 
to  attribute  these  effects  to  causes  anterior  to  the  formation  of  the 
glacier,  as  they  are  constantly  present  and  parallel  to  the  direction  of 
the  movement  of  the  ice.  They  cannot  be  considered  as  the  effects 
of  an  avalanche,  for  they  are  often  at  right  angles  to  the  direction  in 
which  an  avalanche  would  descend ;  they  are  constantly  sharp  and 
fresh  beneath  existing  glaciers,  but  less  distinct  on  surfaces  which 
have  for  some  time  been  left  exposed  to  atmospheric  action  by  the 
melting  of  the  ice.  In  the  valley  of  the  Viesch,  the  direction  of  the 
scratches  is  from  north  to  south,  or  towards  the  Rhone ;  the  direction  of 
those  which  accompany  the  glacier  of  the  Rhone  is  from  east  to  west ; 
that  of  those  beneath  the  glacier  of  the  Aar  is  first  from  west  to 
east,  as  far  as  the  Hospice  of  the  Grimsel ;  and  then  from  south  to 
north,  from  the  Grimsel  to  the  Handeck.  If  we  would  account  for 
these  scratches  by  the  action  of  water,  we  must  imagine  currents  of 
enormous  depth  filling  these  highest  Alpine  valleys,  and  descending 
in  opposite  directions  from  the  narrow  crest  that  lies  between  them. 
In  the  upper  part  of  the  valley  of  the  Viesch,  is  a  glacier,  beneath 
which  runs  a  rapid  torrent,  co-extensive  in  length  with  the  great 
current,  to  which  the  above  hypothesis  would  attribute  the  polish 
and  scratches  on  the  rocks  of  the  valley.  This  small  torrent 
corrodes  the  bottom  of  the  valley  into  sinuous  furrows  and  irregular 
holes,  and  polishes  the  sides  of  its  bed ;  but  the  polish  is  of  a  different 
aspect  from  that  produced  by  the  action  of  the  ice,  and  of  the  stones 
and  sand  which  it  carries  with  it.  The  polished  surfaces  beneath 
the  ice  are  often  salient  and  in  high  relief.  The  sides  also  of  the 
valleys  adjacent  to  the  actual  glaciers  are  frequently  polished  and 
scratched  at  great  heights  above  the  ice,  in  a  manner  identical  with 
the  surfieu;e  beneath  it,  but  different  from  the  polish  of  the  bed  of 
the  torrent. 
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The  amount  of  polish  and  scratches  varies  witii  the  m 
the  rocks.  In  the  valley  of  Zermatt  and  Riffelhom,  roclu 
pentine  are  most  exquisitely  polished;  so  also  are  Uie  gra 
the  sides  of  the  glacier  of  tjie  Aar,  where  they  have  not  In 
exposed  to  the  action  of  the  air.  Gneiss  and  limestone  do 
serve  their  polish  under  similar  exposure*  hut  retain  it  while 
protected  by  ice  or  a  covering  of  earth. 

These  facts  seem  to  show,  that  the  striated  and  polished  c 
of  rocks  beneath  and  on  the  sides  of  glaciers*  is  due  to  the  i 
the  ice,  and  of  the  sand  and  fragments  of  stone  forming 
raines  which  accompany  it. 

On  a  bed  of  lignite  near  Messina,  by  Dr.  R.  Calvert. 

About  thirty  years  ago,  Dr.  Calvert  discovered  a  bed  of  1 
quarter  of  a  mile  from  Messina,  up  a  Fiumera  to  the  lef 
Oonzago.  It  cropped  out  to  the  north  at  an  angle  of  at 
and  was  at  least  a  yard  in  thickness.  The  lignite  was  swe] 
a  precipice  by  the  country  people  to  make  room  for  sticks 
lime  with ;  a  superb  quarry  of  which  was  then  worked  on  tl 
site  side  of  the  field.  Dr.  Calvert  laid  in  a  winter  stool 
lignite ;  the  dragoons  used  it  in  their  forge,  and  the  comm 
the  forces  in  his  kitchen.  Owing,  however,  to  the  unskiifi 
the  people  who  dug  the  lignite  (soldiers  and  officers'  servai 
roof  feU  in,  and  the  property  above  being  injured,  the  exc 
were  stopped.  Some  of  the  lignite  emitted  a  b«ui  efflnv 
burned. 

A  letter  from  Richard  Greaves,  Esq.,  addressed  to  Di 
land,  and  dated  June  the  6th,  1840,  on  the  discovery  of  1 
birds,  fishes,  and  mammalia,  in  the  limestone  cliff  at  Eel 
Caldy  Island,  and  about  eighty  feet  above  the  sea. 

A  note  from  Mr.  Hamilton,  Sec.  G.S.,  addressed  to  Di 
land,  on  the  irregular  occurrence  of  rounded  fragments 
crystal,  throughout  the  Hastings  sands,  in  the  neighbouj 
Tunbridge  Wells.  Mr.  Hamilton's  principal  object  is  to  ca 
tion  to  the  inquiry  whence  the  fragments  were  obtained ; 
the  assistance  wludi  this  knowledge  would  afford  in  determi 
origin  of  the  other  materials  forming  the  Hastings  sands. 

A  letter,  dated  May  6th,  1840,  from  M.  Roemer,  of 
faeim,  to  Dr.  Fitton,  on  the  chalk  and  the  subjacent  formi 
the  Purbeck  stone  inclusive  in  the  north  of  Germany. 

a.  ChaJUc  with  flints, — ^This  formation,  presenting  characte 
exactly  agree  with  those  of  the  chalk  of  England,  is  found 
the  island  of  Rugen.  It  there  consists  of  a  wlute  limestone,  ^ 
quent  layers  of  flints,  and  includes  the  same  fossils. 

M.  Roemer  is  of  opinion  that  the  Rugen  deposit  is  of  the  a| 
Maestricht  beds,  though  most  geologists  believe  it  to  be  yoi 

In  the  north  of  Grermany  there  are  very  thick  deposits  < 
stone  and  sandy  marls,  which  correspond,   M.  Roemer 
the  upper  subdivision  of  the  chalk  formation.     The  chars 
fossils  are  Callianassa  (Pagurus)  Faujasii,  Belemnites  wtm 
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•mall  corals*  &c.  No  Ammonites  have  been  found  in  it.  The  lo- 
calities where  it  occurs,  are  Oehrden  near  Hanover,  Goslar,  Qued- 
lenburg,  and  Halberstadt. 

b.  Chalk  without  flints  exists  near  Piena  and  Luneberg,  with  the 
same  external  characters  as  in  England.  Near  liseburg,  Lemforde, 
Dolmen,  and  other  localities,  it  is  represented  by  sandy  marls  and 
sandstones.  It  contains  Belemnites  tnucronatus,  many  Scyphia, 
some  Ammonites,  &c. 

c.  Chalk  marl  (Planer  Kalk).— This  formation  is  extensively 
distributed  and  well  exposed  in  the  north  of  (Germany,  and  exhibits 
everywhere  the  same  characters  as  in  England.  It  contains  no 
Belemnites  mucronatus,  but  Ammonites  varians,  A.  Mantelli,  A.  Gum 
tom^  Turrilites  costatus,  T.  undulatus,  Plicatula  inflata,  &c. 

d.  Upper  greensand, — ^ThiB  formation,  as  a  greyish  green  marl, 
with  grains  of  silicate  of  iron,  occurs  only  near  Dresden  and  near 
Wal  in  Westphalia ;  also  in  the  neighbouiiiood  of  Hildesheim.  It 
eootabiB  Ammonites  falcatus,  Terebratula  biplicata,  Ostrea  earinata, 
Spatamffus  subghbosus,  &c. 

The  chalk  marl  in  general  gradually  becomes  more  sandy,  and 
passes  into  a  sandstone  with  veins  of  oxide  of  iron,  but  which  con- 
tains no  fossils.  The  sandstone  constantly  accompanies  the  chalk 
marl. 

e.  Gm/r.— This  deposit  has  not  been  detected  with  certainty  in 
the  north  of  Germany,  but  M.  Roemer  thinks  it  may  be  represented 
by  a  marl  which  occurs  between  Hanover  and  Hildesheim^  and  con- 
tains Hamites  compressus;  and  by  a  blue  clay  near  Ottbergen.  He  has 
not  been  able  to  find  it  near  Aix-la-Chapelle. 

/•  Lower  greensand. — ^The  mineralogical  characters  of  this 
formation  are  the  same  as  in  England.  It  occurs  in  Saxony,  at  the 
fcx>t  of  the  Hartz,  near  Celfeld,  near  Bilefeld,  and  near  Hattem  in 
Wes^halia,  also  near  Aix-la-Chapelle.  Its  fossils  are  not  very 
numerous. 

g.  Hits  congUmeraie.'-^To  M.  Roemer,  geologists  are  indebted 
for  first  pointing  out  the  existence,  as  distinct  deposits,  of  the 
Hils  conglomerate  and  the  Hils  clay. 

The  Hils  conglomerate  consists  of  a  yellowish  or  brownish  marl, 
containing  grains  of  quartz,  schist,  and  oxide  of  iron.  It  forms 
▼ery  thick  beds,  and  includes  in  some  localities  very  rich  iron  ores. 
It  oocura  near  Brunswick,  at  Goslai,  and  near  Essen  on  the  Ruhr 
in  Westphalia.  Its  fossils  are  very  numerous,  and  partly  identical 
with  those  of  the  lower  greensand  of  England;  for  example,  it 
contains  Terebratula  latissima,  T.  depressa,  T.  oblonga,  T.  sella,  Ostrea 
earinata,  0.  macroptera,  Pecten  quinquecostatus,  &c.  M.  Roemer  asks 
if  it  be  th^  equivalent  of  the  Neocomien. 

A.  The  Hils  clay  is  a  bluish  pure  clay,  100  feet  thick.  M.  Roemer 
considers  it  to  be  the  Speeton  clay  of  England,  as  it  contains  Mya 
depressa  (Phillips),  Glgphaa  omata  (Astacus  omata,  Phillips^,  and 
Isocardia  angulata  (PhiUips),  with  a  great  quantity  of  other  fossils, 
which  are  in  part  Jurassic  species,  namely,  Ammomtes  subl^evis,  A. 
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mutabilis,  and  A,  coronatus,  M.  Roemer  has  noticed  the  H 
near  Hildesheim,  near  Celfeld,  where  it  contains  a  conai 
layer  of  iron ;  at  the  foot  of  the  Deister  near  Hanover,  an 
Trenndorf. 

t.  Weald  clay. — A  stiff  bluish  or  brownish  clay,  seldom  c< 
ing  subordinate  beds  of  limestone  and  sandstone.  The  fos 
almost  exdusively  the  same  as  those  enumerated  in  Dr.  I 
memoir  on  the  beds  below  the  chalk  in  the  south-east  of  £i 
and  are  entirely  freshwater^  with  the  exception  of  an  Astarte 

k,  Hastings  sandstone. — In  the  north  of  Grermany  this  foi 
is  composed  of  a  white,  grey  or  fawn-coloured  sandstone,  sou 
alternating  in  the  upper  part  with  greyish  day,  and  contaii 
seven  to  ten  beds  of  coal.  Its  general  thickness  amounts  to 
800  feet.  The  beds  of  coal  vary  from  one  to  three  feet  in  thi 
and  are  separated  by  sandstone,  which  is  sometimes  only  a  f 
thick.  The  fossils  belong  to  the  genera  Paludina,  Unio,  2 
nites,  Abies,  Sphenopteris,  and  Lonchopteris,  and  M.  Roeii 
found  every  species  mentioned  in  Dr.  Fitton's  memoir  bei 
luded  to.  The  sandstone  is  generally  less  ferruginous  1 
England. 

/.  Purheck  strata. — ^These  beds  are  described  by  M.  Roi 
consisting  of  shelly  limestones  alternating  with  thin  layers  c 
stone,  and  concretional  masses  of  grit.  He  has  observed  t\ 
beds,  but  as  yet  no  Cycadeoidea.  The  shells  which  he  has 
are  partly  marine,  partly  freshwater,  and  belong  to  the 
Paludina,  Ostrea,  Cyrena,  GervUia,  Serpula,  &c. 
-     m.  Portland  stone. 

The  Wealden  formation,  M.  Roemer  states,  is  exhibit 
Helmsted.  He  hopes  it  vnU.  be  exposed  near  Hildesheim. 
westward  it  extends  from  Hanover  by  Minden,  to  Iburg  and 
near  Munster  in  Westphalia ;  furnishing  almost  everywhere 
good  coal.  The  fossils  found  in  the  strata  below  the  lowei 
sand,  M.  Roemer  has  accurately  figured  and  described  in  his 
and  they  proved  the  identity  of  tibe  Wealden  deposits  of  ] 
and  the  north  of  Germany. 

A  letter  from  H.  B.  Mackeson,  Esq.  to  Dr.  fltton,  dated 
June  7th,  1840. 

On  the  19th  of  May,  Mr.  Mackeson  discovered  some  poi 
a  large  saurian,  he  bdieves  an  Iguanodon,  near  the  bottom 
lower  greensand  in  the  vicinity  of  Hythe.  On  the  6th  o 
he  revisited  the  quarry,  and  ascertained  that  the  work-pe< 
followed  the  remains  for  upwards  of  fifteen  feet.  On  that  o 
Mr.  Mackeson  superintended  the  disinterment  of  probably 
This  bone,  and  others  previously  obtained,  with  their  bulky 
required  a  cart  and  two  horses  for  their  removal.  Up  to  \ 
of  the  letter,  no  vertebrae,  teeth,  phalangeal  or  smaller  bone 
extremities  had  been  found  by  the  worlonen.  In  the  same 
Mr.  Mackeson  has  obtained  a  large  Ammonite,  GervUlia  avf( 
and  other  shells  characteristic  of  the  lower  greensand. 
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Nov.  4.  — A  paper  was  read  on  Glaciers,  and  the  evidence  of  their 
laving  once  existed  in  Scotland,  Ireland,  and  England,  by  Professor 
^gassiz,  of  Neuchatel. 

M.  Agassiz  commences  by  observing,  that  the  study  of  glaciers  is 
lot  new,  as  Scheuchzer  visited,  and  even  drew,  most  of  the  glaciers 
)f  Switzerland ;  and  as,  at  a  later  period,  Gruner  and  De  Saussure 
examined  them  in  great  detail,  and  left  few  of  their  phenomena 
minvestigated.  Hugi  also,  in  his  account  of  the  Alps,  and  Scoresby, 
n  his  descriptions  of  the  arctic  regions,  have  communicated  much 
raluable  information  respecting  glaciers,  but  without  giving  rise 
o  any  important  geological  results.  Venetz  and  De  Charpentier 
irst  ascribed  to  the  agency  of  glaciers,  the  transport  of  the  erratic 
wolders  of  Switzerland,  supposing  that  the  Alps  formerly  attained 
i  greater  altitude  than  at  present,  and  that  the  glaciers  extended  to 
he  plains  of  Switzerland,  and  even  to  the  Jura.  This  assumed 
pneater  height  of  the  Alps  M.  Agassiz  dissents  from,  as  no  geolo- 
^cal  phsenomena  compel  him  to  admit  it ;  and  the  arrangement  of 
he  boulders  proves  that  the  blocks  were  not  pushed  forward  by  the 
rlacieiB,  as  conjectured  by  M.  de  Charpentier.  Moreover,  the  phse- 
lomena  of  erratic  boulders  extend  over  all  the  temperate  and  north- 
nm  regions  of  Europe,  Asia  and  America,  and,  consequentiy,  could 
lot  depend  upon  so  local  an  event  as  a  greater  altitude  of  the  Alps, 
rhe  consideration  of  these  difficulties  induced  M.  Agassiz  to  resume 
he  study  of  glaciers ;  and  after  devoting  the  suitable  portion  of  five 
mccessive  summers  to  the  study  of  their  details,  and  all  that  has 
)een  written  respecting  their  structure,  he  has  arrived  at  the  con- 
riction,  that  the  formation  of  glaciers  did  not  only  depend  upon  the 
ictual  configuration  of  the  globe,  but  was  also  connected  with  the 
ast  great  geological  changes  in  its  surface,  and  with  the  extinction 
>f  the  great  mammifers  which  are  now  found  in  the  polar  ice. 
[le  ia  also  cpnvinced  that  the  glaciers  did  not  advance  from  the  Alps 
nto  the  plains,  but  that  they  gradually  withdrew  towards  the  moun- 
sins  from  the  plains  which  they  once  covered.  In  this  belief,  he  says, 
le  is  supported  by  many  considerations  which  escaped  previous  ob- 
servers, depending  chiefly  on  the  form  and  relative  position  of  the 
nrratic  blocks,  and  the  commonly  called  diluvial  gravel,  the  former 
leing  in  Switzerland  always  angular,  and  resting  on  the  latter, 
nrhich  consists  of  rounded  materials.  Considered  in  this  point  of 
new,  glaciers  assume  an  entirely  new  importance,  for  they  introduce 
i  long  period  of  intense  cold  between  tiie  present  epoch  and  that 
luring  which  the  animals  existed,  whose  remains  are  buried  in  the 
isually  called  diluvial  detritus. 

Having  established  his  theory  as  completely  as  he  could,  by  re- 
peated investigations  of  Switzerland  and  the  adjacent  portions  of 
France  and  Germany,  M.  Agassiz  became  desirous  of  investigating 
i  country  in  which  glaciers  no  longer  exist,  but  in  which  traces  of 
:hem  might  be  found.  This  opportunity  he^has  recently  enjoyed, 
)y  examining  a  considerable  part  of  Scotiand,  the  north  of  England, 
ind  the  nor^,  centre,  west  and  south-* west  of  Ireland ;  and  he  has 
irzived  at  the  conclusion,  that  great  masses  of  ice.  and  subsequently 
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glaciers,  existed  in  these  portions  of  the  United  Kingdom  a 
immediately  preceding  the  present  condition  of  the  globe, 
his  belief  upon  the  characters  of  the  superficial  gravels  ax 
blocks,  and  on  the  polished  and  striated  appearance  of  the  roc 

M.  Agassiz  does  not  suppose  that  his  views  respectinf 
will  at  once  meet  with  the  general  concurrence  of  gecdog 
he  admits  that  the  study  of  the  phsenomena  of  glaciers  in 
latitudes,  as  well  as  at  different  altitudes,  together  with  tfa 
nation  of  their  different  effects  where  in  contact  with  the 
introduce  many  modifications  in  the  consideration  of  c 
phaenomena  in  countries  where  glaciers  have  disappeared ; 
prepared  to  discuss  his  theory  within  the  limits  of  obser 
conscious  of  having  searched  for  truth  solely  to  advance  the 
of  science. 

To  avoid  useless  discussion,  he  states,  that  in  attribute 
action  of  glaciers  a  considerable  portion  of  the  results 
ascribed  exclusively  to  that  of  water,  he  does  not  wish  to 
that  everything  hitherto  assigned  to  the  agency  of  water 
produced  by  glaciers ;  he  only  wishes  that  a  distinction  may 
in  each  locality  between  the  effects  of  the  different  agents 
adds,  that  long-continued  practice  has  taught  him  to  di 
easily,  in  most  cases,  the  effects  produced  by  ice  £rom  those  ] 
by  water. 

Proceeding  to  the  consideration  of  facts,  he  says  the  di^ 
of  blocks  and  gravel,  as  well  as  the  poUshed  and  striated  si 
rocks  in  situ,  do  not  indicate  the  action  of  a  mighty  curren 
from  north-west  to  south-east,  as  the  blocks  and  masses 
everywhere  diverge  from  the  central  chains  of  the  country,  i 
the  course  of  the  valleys.  Thus  in  the  valleys  of  Loch  Loi 
Loch  Long,  they  range  from  north  to  south ;  in  those  of  L 
and  Loch  Awe  from  north-west  to  south-east ;  of  Loch  £ 
Loch  Leven  from  east  to  west ;  and  in  the  valley  of  the  Ft 
north-west  to  south-east,  radiating  frrom  the  great  biountai 
between  Ben  Nevis  and  Ben  Lomond.  Ben  Nevis  in  the 
Scotland,  and  the  Grampians  in  the  south,  are  considere 
author  to  constitute  the  great  centres  of  dispersion  in  that  li 
and  the  mountains  of  Northumberland,  Westmoreland, 
land,  and  Wales ;  as  well  as  those  of  Ayrshire,  Antrim,  thi 
Lreland,  and  Wicklow,  to  be  other  points  from  which  blc 
gravel  have  been  dispersed,  each  district  having  its  peculia 
traceable  in  many  instances  to  the  parent  rock,  at  the  hea 
valleys.  Hence,  observes  M.  Agassiz,  it  is  plain  the  can 
transport  must  be  sought  for  in  the  centre  of  the  mountain 
and  not  from  a  point  without  the  district.  The  Swedish  b 
the  coast  of  England  do  not,  he  conceives,  contradict  this 
as  he  adopts  the  opinion  that  they  may  have  been  transp 
floating  ice. 

In  describing  the  phsenomena  presented  by  eiratic  blc 
gravel,  M.  Agassiz  first  insists  upon  the  necessity  of  distinj 
between  stratified  gravel  ajid  mud  containing  fimb,  wlii 
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aot  have  been  accumulated  by  true  glaciers,  although  the  materials 
may  have  often  been  derived  from  them ;  and  unstratified  masses, 
composed  of  blocks,  pebbles,  and  clay.  These  stratified  deposits 
he  considers  to  be  of  posterior  origin  to  the  glacier  epoch.  The  till 
of  Scotland,  or  the  great  unstratified  accumulation  of  mud  and 
gravel,  containing  blodcs  of  different  size  heaped  together  witiiout 
order,  and  containing  no  organic  remains  but  bones  of  Mammalia 
and  insignificant  fragments  of  shells,  he  is  of  opinion  was  also  not 
inroduoed  by  true  glaciers,  although  intimately  connected  with  the 
phenomena  of  ice.  The  polished  and  striated  surfeuses  of  the  blocks 
leave  no  doubt  on  M.  Agassiz's  mind  that  these  masses  have  been 
acted  upon  by  ice  in  the  same  manner  as  the  blocks  which  are  ob* 
served  under  existing  glaciers,  and  which  are  more  or  less  re- 
arranged by  water  derived  from  the  melting  of  the  glaciers. 

Similar  detritus  filb  the  bottom  of  all  the  Alpine  valleys,  as  that 
of  the  Rhone  from  its  mouth  to  its  junction  with  the  Lake  of  Geneva, 
and  the  valley  of  Ghamounix :  it  is  found  between  the  Hosjnce  de 
Grimsel  and  the  borders  of  the  lower  glacier  of  the  Aar ;  thence  to 
the  neighbourhood  of  Goutharen  in  the  valley  of  Oberhasli,  at  Im 
Grand,  in  the  plains  of  Meiringen,  and  in  Interlasken  ;  also  between 
Tliun  and  Berne.  At  all  these  localities,  M.  Agassis  considers,  the 
blocks  were  left,  when  the  glaciers  extended  to  them. 

With  respect  to  the  valley  of  the  Aar,  M.  Agassiz  says  it  is  easy 
to  prove  that  the  rounded  pel)bles  of  Alpine  rodcs  spread  along  its 
whole  course,  were  not  transported  to  Uieir  present  position  by  that 
river,  because  between  the  glacier  from  which  it  issues  and  Berne, 
the  flowing  of  the  stream  is  interrupted  by  the  barrier  of  Kirchet, 
the  Lake  of  Brienz,  and  the  Lake  of  Thun ;  and  because  between 
these  lakes  its  velocity  is  so  small,  that  it  transports  only  mud  and 
very  fine  gravel,  and  that  the  pebbles  over  which  the  river  flows 
below  Thun  do  not  issue  from  the  lake.  Supposing  that  the  vo- 
lume of  the  Aar  was  formerly  greater,  why,  adcs  M.  Agassiz,  are 
not  the  lakes  of  Brienz  and  Thun  filled  in  the  same  manner  as  the 
plain  of  Meiringen  and  the  bottom  of  the  valley  which  separates  the 
two  lakes  ?  All  difiiculties,  however,  he  is  of  opinion,  vanish,  if 
the  pebbles  be  considered  the  detritus  of  retreating  glaciers,  and 
tiiat  the  hollows  occupied  by  the  lakes  of  Brienz  and  Thun  were 
fUled  with  glaciers. 

The  existence  of  a  glacier  in  this  valley  is  not  imagined  by  the 
smthor  to  explain  the  origin  of  the  detritus,  as  its  having  existed  is 
im)ved  by  the  polish  on  die  rocks  in  situ,  from  the  glacier  of  the  Aar 
to  Meiringen,  a  distance  of  twenty  English  miles,  at  the  height  of 
8000,  7000,  and  6000  feet  successively  above  the  level  of  the  sea ; 
suid  even  on  the  shores  of  the  Lake  of  Thun.  Similar  phsBnomena 
have  been  noticed  by  M.  Agassiz  in  Scotland,  in  the  valleys  of 
Lodi  Awe  and  Lodi  Leven,  near  Ballachalish,  and  in  England  in  the 
neighbourhood  of  Kendal. 

The  author  then  proceeds  to  describe  the  moraines  of  Switzerland, 
or  the  accumulations  of  blocks  and  pebbles  deposited  longitudinally 
an  the  boideiB»  and  transversely  in  front,  of  glaciers,  and  success- 
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ively  abandoned  by  them  in  their  retreat.  The  longitudii 
raines  differ  from  glacier-detritus  remodelled  or  spread  out  b] 
in  being  disposed  in  ridges  with  a  double  talus,  one  flank  of  i 
presented  to  the  glacier,  and  the  other*  to  the  side  of  the  valli 
their  continuity  and  parallelism  at  the  same  height  easily  dist 
them  from  the  debris  disposed  along  the  bottoms  of  valleys 
rents.  They  occur  on  the  flanks  of  all  glaciers,  but  they  ha 
also  observed  by  M.  Agassiz  where  no  glaciers  exist,  as  in  1 
leys  of  the  Rhone,  the  Arve,  the  Aar,  &c. ;  likewise  in  Scotlai 
Inverary,  at  Muc  Aim,  at  the  outlet  of  Loch  Traig,  at  Str 
and  on  the  borders  of  the  bay  of  Boauley ;  in  Ireland  to  the 
east  of  Dublin,  and  near  Enniskillen ;  and  in  England  in  th< 
of  Kendal,  as  well  as  near  Penrith  and  Shap. 

The  common  origin  of  moraines,  and  of  accumulations  of  i 
pebbles  and  of  blocks,  M.  Agassiz  says,  cannot  be  doubted 
former  are  simple  ridges  formed  on  glaciers ;  the  latter,  m 
rounded  and  polished  under  glaciers,  or  great  masses  of  ice,  \ 
posed  by  the  melting  of  the  ice,  and  re-disposed  by  the  wat 
produced. 

The  author  next  describes  the  differences  in  the  ii\temal  a 
ment  of  the  various  accumulations.  In  the  stratified  depoi 
materials  are  comparatively  much  smaller  than  in  glacier-d 
the  pebbles  also  are  elongated,  and  fine  gravel  and  mud  on 
form  the  upper  beds.  On  the  contrary,  in  the  detritus  of  | 
large  and  small  materials  are  associated  without  order,  the 
blocks  being  often  in  the  upper  part ;  and  where  very  large 
blocks  occur,  they  rest  on  the  surface.  In  moraines  there  is  a 
distinction,  blocks  of  all  dimensions  and  every  form  are  interm 
and  this  difference,  he  says,  is  easily  understood,  by  recollect! 
moraines  are  composed  of  the  angular  blocks  which  fall  on  t 
face  of  the  glacier,  as  well  as  of  pebbles  with  rounded  edges 

The  striated  and  polished  surfaces,  so  often  observed  a 
rocks  in  situ,  are  next  described  by  M.  Agassiz.  Without  i 
absolutely  the  power  of  water  to  produce  such  effects,  he  sa 
he  has  sought  for  them  in  vain  on  the  borders  of  rivers  an< 
and  on  sea-coasts ;  and  that  the  effects  produced  by  water  are  \ 
furrows  proportioned  to  the  hardness  of  the  rocks ;  not  even  i 
polished  suifaces,  such  as  those  presented  by  the  rocks  unc 
cussion,  and  which  are  independent  of  the  composition  of  the 
moreover  wherever  the  moveable  materials  which  are  pressed 
ice  on  rocks  in  situ  are  the  hardest,  there  occur,  independent 
polish,  strise  more  or  less  parallel,  and  in  the  general  direc 
the  movement  of  the  glaciers.  Thus  in  the  neighbourhood 
ciers  are  found  those  rounded  bosses  which  Saussure  distinj 
by  the  name  of  "  roches  moutonn^."  These  phsenomena  M. 
siz  has  traced  under  the  glacier  of  the  Aar,  and  he  has  ol 
them  in  the  valley  of  the  Rhone,  and  of  Chamounix ;  also  in 
land,  on  the  banks  of  Loch  Awe  and  Loch  Leven ;  and  he  sa] 
are  very  remarkable  in  the  environs  of  Kendal. 
The  most  striking  points  in  the  distribution  of  the  striae,  ai 
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diverging  at  the  outlets  of  the  valleys,  and  their  being  oblique,  and 
never  horizontal  on  the  flanks,  which  they  would  be,  were  they  due 
to  the  agency  of  water,  or  floating  masses  of  ice.  The  cause  of  this 
obliquity  the  author  assigns  to  the  upward  expansion  of  the  ice,  and 
the  descending  motion  of  the^glacier. 

The  most  remarkable  striated  rocks  in  the  Alps  are  near  Handeck, 
and  near  the  cascade  of  Pissevache;  and  the  best^  examples  M. 
Agassiz  has  seen  in  Scotland,  are  those  of  BallahuHsh,  and  in  Ireland 
those  of  Virginia. 

If  the  analogy  of  th^  facts  which  he  has  observed  in  Scotland, 
Ireland,  and  the  north  of  England,  with  those  in  Switzerland,  be 
correct,  then  it  must  be  admitted,  M.  Agassiz  says,  that  not  only 
glaciers  once  existed  in  the  British  Islands,  but  that  large  sheets 
{tuqtpes)  of  ice  covered  all  the  surface. 

The  author  then  details  the  proofs  that  glaciers  did  not  descend 
firom  the  mountain  summits  into  the  plains,  but  are  the  remaining 
portions  of  the  sheets  of  ice  which  at  one  time  covered  the  flat  country. 
It  is  evident,  he  says,  if  the  glaciers  descended  from  high]mountains, 
and  extended  forward  into  the  plains,  the  largest  moraines  ought  to 
be  the  most  distant,  and  to  be  formed  of  the  most  rounded  masses ; 
whereas  the  actual  condition  of  the  detrital  accumulations  is  the  re- 
rene,  the  distant  materials  being  widely  spread,  and  true  moraines 
being  found  only  in  valleys  connected  with  great  chains  of  lofty 
mountains. 

It  must  then  be  admitted,  the  author  argues,  that  great  sheets  of 
ice,  resembling  those  now  existing  in  Greenlsjid,  once  covered  all 
the  countries  in  which  unstratified  gravel  is  found ;  that  this  gravel 
was  in  general  produced  by  the  trituration  of  the  sheets  of  ice  upon 
the  subjacent  surface ;  that  moraines,  as  before  stated,  are  the  efiects 
of  the  retreat  of  glaciers^  that  the  angular  blocks  found  on  the  sur« 
face  of  the  rounded  materials  were  left  in  their  present  position  at 
the  melting  of  the  ice ;  and  that  the  disappearance  of  great  bodies  of 
ice  produced  enormous  debacles  and  considerable  currents,  by  which 
masses  of  ice  were  set  afloat,  and  conveyed,  in  diverging  directions, 
the  blocks  with  which  they  were  chaiged.  He  believes  that  the 
Norwegian  blocks  found  on  the  coast  of  England  have  been  correctly 
assigned  by  Mr.  Lyell  to  a  similar  origin. 

Another  class  of  phsenomena  connected  with  glaciers,  is  the  form- 
ing of  lakes  by  the  extension  of  glaciers  from  lateral  valleys  into  a 
main  valley ;  and  M.  Agassiz  is  of  opinion,  that  the  parallel  roads  of 
Olen  Roy  were  formed  by  a  lake  which  was  produced  in  consequence 
of  a  lateral  glacier  projecting  across  the  glen  near  Bridge  Roy,  and 
another  across  the  valley  of  Glen  Speane.  Lakes  thus  formed  natu* 
rally  give  rise  to  stratified  deposits  and  parallel  roads,  or  beds  of 
detritus  at  different  levels. 

The  connexion  of  very  recent  stratified  deposits  with  glacier- 
detritus,  M.  Agassiz  observes,  is  diflicult  to  explain ;  but  he  conceives 
that  the  same  causes  which  can  bar  up  valleys  and  form  lakes,  like 
those  of  Brienz,  Thun  and  Zurich,  may  have  formed  analogous 
barriers  at  the  point  of  contact  with  the  sea  sufficiently  extensive  to 
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have  produced  large  salt-marshes  to  be  inhabited  by  anim 
remains  of  which  are  found  in  the  clays  superimposed  on  tb 
Scotland ;  and  he  adds,  that  the  known  arctic  character  of  th 
sils  ought  to  have  great  weight  with  those  who  study  the  vast 
of  glaciers. 

In  conclusion,  the  author  remarks,  that  the  question  of 
forms  part  of  many  of  the  great  problems  of  geology ;  that  it  m 
for  the  disappearance  of  the  large  mammifers  indosed  in  tl 
ice,  as  well  as  for  the  disappearance  of  the  organic  beings  of 
called  diluvian  epoch ;  that  in  Switzerland  it  is  associated  v 
elevation  of  the  Alps,  and  the  dispersion  of  the  erratic  blod 
that  it  is  so  intimately  mixed  up  with  the  subject  of  a  genen 
nution  of  the  terrestrial  heat,  that  a  more  profound  acqua 
with  the  facts  noticed  in  this  paper  will  probably  modify  the  c 
entertained  respecting  it. 

Nov.  18. — ^The  reeling  of  the  first  part  of  a  Memoir  on  t 
dences  of  Glaciers  in  Scotland  and  the  North  of  England, 
Rev.  Prof.  Buckland,  DJ).,  Pres.  O.S.,  commenced  on  the 
November,  was  resumed  and  concluded. 

Dr.  fiuckland*s  attention  was  first  directed  by  Prof.  Agi 
October  1838  to  the  pheenomena  of  polished,  striated,  and  ft: 
surfaces  on  the  south-east  slope  of  the  Jura,  near  NeuohAtel, 
as  to  the  transport  of  the  erratic  boulders  on  the  Jura,  as  the 
of  ice ;  but  it  was  not  until  he  had  devoted  some  days  to  the 
nation  of  actual  glaciers  in  the  Alps,  that  he  acquiesced  in  t 
rectness  of  Prof.  Agassiz's  theory  relative  to  Switzerland, 
return  to  Neuch^tel  from  the  glaciers  of  Rosenlaui  and  Grind 
he  informed  M.  Agassiz  that  he  had  noticed  in  Scotland  ant 
land  phsenomena  similar  to  those  he  had  just  examined,  bm 
he  had  attributed  to  diluvial  action :  thus  in  1811  he  had  ol 
on  the  head  rocks  on  the  left  side  of  the  gorge  of  the  Ts 
Dunkeld,  rounded  and  polished  surfaces;  and  in  1834,  in  cc 
with  Mr.  Lyell,  grooves  and  striee  on  granite  rocks  near  the  ei 
of  Ben  Nevis.  About  the  same  time  Sir  George  Mackenzie  poii 
to  the  author  in  a  valley  near  the  base  of  Ben  Wyvis,  a  high  i 
gravel,  laid  obliquely  across,  in  a  manner  inexplicable  by  an^ 
of  water,  but  in  which,  after  his  examination  of  the  effects  of  | 
in  Switzerland,  he  recognizes  the  form  and  condition  of  a  mc 

After  these  general  remarks.  Dr.  Buckland  proceeds  to  d 
the  evidence  of  glaciers  observed  by  him  in  Scotland  last  a 
partly  before  and  partly  after  an  excursion,  in  company  wit 
Agassiz ;  but  he  forbears  to  dwell  on  the  phenomena  of  paraJ 
races,  though  he  is  convinced  that  they  are  the  effects  cSf  lak 
duced  by  glaciers. 

The  district  which  Dr.  Buckland  examined  previously  to 
cursion  with  Prof.  Agassiz,  lay  in  the  neighbourhood  of  Dii 
and  the  line  of  country  which  he  investigate  subsequently,  ei 
in  Scotland  from  Aberdeen  to  Forfar,  Blair  Gowrie,  Dunke 
by  Loch  Tumel  and  Loch  Rannoch  to  Schiehallion  and  Tay 
and  thence  by  Crief,  Comrie,  Loch  Earn  Head,  CaDe^der  aa 
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Ling,  to  Edinburgh ;  and  in  England  by  Berwick,  WoUar,  the  Che- 
nots,  Penrith,  and  8hap  Fell,  to  Lancashire  and  Cheshire. 

Morame  near  Dumfries, — ^The  picturesque  ravine  of  CrickhopeLinn, 
about  two  miles  north  of  Closeburn,  and  one  mile  east  of  Thornhill,  in- 
tersects nearly  horizontal  strata  of  new  red  sandstone,  and  is  traversed 
by  the  Dolland  rivtdet.  On  emerging  from  the  upper  end  of  the  ra- 
vine a  long  terminal  moraine  is  visible,  stretching  nearly  across  the 
mountain  valley,  from  which  the  Dolland  Bum  descends  to  fall  into 
Crickhope  Linn ;  and  it  resembles,  when  viewed  from  a  distance,  a 
vallum  of  an  ancient  camp,  being  covered  with  turf.  It  is  formed 
principally  of  an  unstratified  mass  of  rolled  pebbles,  derived  from  the 
slates  of  the  adjacent  Lowder  HUls,  with  a  few  rounded  fragments 
of  granite,  the  nearest  rock  of  which  in  situ  is  that  of  Loch  Doon,  in 
Ghdloway,  thirty'  miles  to  the  north-west.  Its  height  varies  from 
twenty  to  thirty  feet ;  its  breadth  at  the  base  is  about  one  hundred 
feet,  and  its  length  is  four  hundred  yards.  At  the  southern  extre- 
mity it  is  traversed  by  the  Dolland  rivulet,  and  at  the  northern  by 
the  Crickhope  Water ;  and  in  the  centre  it  is  intersected  by  a  road. 

Moraines  in  Aberdeenshire. — ^Dr.  Buckland  considers  the  gravel  and 
sand  which  cover  the  greater  part  of  the  granite  table-land  from  Aber- 
deen  to  Stonehaven  to  be  the  detritus  of  moraines ;  and  the  laige 
insulated  tumuli  and  tortuous  ridges  of  gravel,  occupying  one  huu* 
dred  acres,  near  Forden,  a  mile  east  of  Achinbald,  to  he  terminal 
moraines ;  also  the  blocks,  large  pebbles,  and  small  gravel  spread 
over  the  first  level  portions  of  the  valley  of  the  North  Esk,  after 
emerging  from  the  Sub- Grampians,  to  be  the  residue  of  moraines 
re-arranged  by  water. 

Moraines  in  Forfarshire. — ^The  cones  and  ridges  of  gravel  at  Cor* 
tachy  and  Piersie,  near  Kirriemuir,  and  at  the  confluence  of  the 
Canty  valley  with  that  of  the  Proson,  are  considered  by  Dr.  Buck- 
land  to  have  been  produced  by  glaciers,  and  modified  in  part  subse- 
quently by  water.  The  polish  and  striae  on  a  porphyritic  rook  near 
Uie  summit  of  the  hill,  on  the  left  side  of  the  main  valley,  and  im- 
mediately above  the  moraines,  he  is  of  opinion  must  also  be  assigned 
to  glacier  action.  The  vast  longitudinal  and  insulated  ridges  of 
gravel,  extending  for  two  or  three  miles  up  the  valley  east  of  Blair 
GK)wrie,  and  the  transverse  barriers  forming  a  succession  of  small 
lakes  in  the  vaUey  of  the  Lunanbum,  to  the  west  of  that  town,  he 
considers  to  be  moraines;  likewise  the  lofty  mounds  comprising 
the  ornamental  grounds  adjacent  to  Dunkeld  Castle ;  the  detritus 
covering  the  left  flank  of  the  valley  of  the  Tay,  along  a  great  part 
of  the  road  from  Dunkeld  to  Logierait ;  that  on  the  left  flank  of  the 
Tumel  valley  from  Logierait  to  Killicrankie ;  and  on  the  left  flank 
of  the  Garrie,  from  Killicrankie  to  Blair  Athol. 

The  vast  congeries  of  gravel  and  boulders  on  the  shoulder  of  the 
mountain,  exactly  opposite  the  gorge  of  the  Tumel,  Dr.  Buckland 
is  of  opinion  was  lodged  there  by  glaciers  which  descended  the  late- 
ral valley  of  the  Tumel  from  the  north  side  of  Schiehallion  and  the 
adjacent  mountains,  and  were  forced  across  the  vaUey  of  the  Garry* 
in  tfat  same  manner  as  modem  glaciers  of  the  Alps  (that  of  the  Val 


Digitized 


by  Google 


Digitized 


by  Google 


on  the  Evidences  of  Glaciers  in  Scotland  and  England.  577 

adjacent  to  Lawers  House,  near  Comrie,  hard  slaty  rocks  of  the  Devo- 
nian or  old  red  sandstone  system  have  been  rounded  and  striated.  At 
the  west  end  of  Comrie,  near  the  bridge,  blue  slate  rocks  have  been 
also  rounded  and  guttered. 

Evidence  of  Glaciers  near  Comrie, — In  this  district  Dr.  Buckland 
tested  the  value  of  the  glacial  theory  by  marking  in  anticipation  on 
a  map  the  localities  where  there  ought  to  be  evidences  of  glaciers 
having  existed,  if  the  theory  were  founded  on  correct  principles. 
The  results  coincided  with  the  anticipations.  On  a  hill  above  the 
gorge,  called  the  Devil's  Caldron,  near  Fentallich,  are  rounded 
surfaces  of  greenstone,  partially  covered  by  moraines ;  and  at  Kena- 
gart,  also  immediately  above  the  Devil's  Caldron,  is  a  small  cluster 
of  moraines,  easily  separable  into  lateral  and  terminal.  Two  miles 
up  the  valley  a  medial  moraine  forms  a  ridge  on  the  level  ground,  in 
front  of  the  confluence  of  Glen  Lednoch  and  Glen  Grarron.  The  farm- 
house of  Invergeldy  is  stated  to  stand  on  the  detritus  of  a  moraine, 
and  the  glen  descending  to  it  from  Ben-na-cho-ny  to  be  partially 
obstructed  with  moraines.  The  surface  of  the  granite  at  Invergeldy, 
which  supplied  the  stone  for  Lord  Melville's  monument  at  Crieff,  is 
rounded  and  mammillated,  but  too  much  weathered  to  present  a 
polish  or  striae.  On  a  hill  of  trap,  however,  half  a  mile  south  of  the 
farm  of  Lurg,  there  is  a  distinct  polish,  striated  in  the  direction 
which  a  glacier  descending  the  subjacent  valley  would  assume.  In 
Glen  Turret,  on  the  shoulder  of  the  mountain  immediately  above  the 
south-west  extremity  of  Loch  Turret,  a  very  deep  ravine  intersects 
a  vast  lateral  moraine,  which  Dr.  Buckland  shows  must  have  been 
lodged  there  whilst  the  Loch  was  a  mass  of  ice,  and  the  valley  above 
it  filled  with  a  glacier  more  than  five  hundred  feet  above  the  present 
level  of  the  lake.  At  the  falls  of  the  Turret,  at  the  lower  extremity 
of  the  gorge,  is  an  extensive  lodgement  of  moraines ;  and  at  the 
upper  end,  on  the  left  bank  of  the  Turret,  near  a  gate  which  crosses 
the  road,  the  slate-rocks  are  polished  and  furrowed ;  and  at  both 
these  localities  Dr.  Buckland  had  anticipated  that  glacial  action 
ought  to  be  found. 

Evidence  of  Glaciers  near  Loch  Earn. — On  the  north  bank  of  the 
Loch  rounded  and  furrowed  surfaces  and  portions  of  lateral  mo- 
raines are  exposed  by  the  roadside ;  and  at  Loch  Earn  Head  is  a 
group  of  conical  moraines  at  the  junction  of  Glen  Ogle  with  Loch 
Earn,  and  at  the  very  point  where,  had  they  been  brought  by  a  rapid 
current,  they  would  have  been  propelled  into  the  Loch.  It  is  never- 
theless the  exact  position  where  the  terminal  moraine  of  a  glacier 
would  be  deposited. 

Moraines  near  Callender. — Moraines  are  stated  to  cover  more  or 
less  the  valley  of  the  Teith  from  Loch  Katherine  to  Callender,  and 
the  lofty  terraces  flanking  the  valley  from  Callender  to  Doune  are 
considered  to  be  the  detritus  of  moraines,  modified  by  the  great 
floods  which  accompanied  the  melting  of  the  ice.  One  of  them,  near 
Callender,  has  been  mapped  as  the  vallum  of  a  Roman  camp.  The 
Little  lakes  on  the  right  bank  of  the  Teith,  four  miles  east  of  Cal- 
lender, Dr.  Buckland  considers  due  to  moraines  obstructing  the 
Phil,  Mag,  S.  3.  Vol.  18.  No.  120.  Suppl,  July  1841.         2  P 
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drainage  of  the  country ;  and  the  greater  part  of  the  firit  tal 
on  the  right  bank  of  the  Teith»  between  Callender  and  Do 
eluding  the  portion  on  which  stands  Mr.  Smith's  farm,  to  I 
posed  of  re-arranged  glacial  detritus. 

Proofs  of  Glacial  Action  at  Stirling  and  Edinhurgh. — Havi 
shown  that  glaciers  once  existed  in  die  glens  and  mountains 
tricts  of  Scotland,  Dr.  Buckland  proceeds  to  point  out  the  c 
of  glacial  action  at  points  but  little  raised  above  the  level  of 
and  distant  from  any  lofty  group  of  mountains.  In  1824 
noticed  that  the  trap-rock  then  recently  exposed  on  the  somm 
hill  [at  Stirling] ,  between  the  castle  and  the  church,  was  polie 
striated,  but  at  his  last  visit  in  1 840  these  evidences  had  beco 
terated  by  weathering.  The  grooves  and  scratches  describe 
James  Hall  on  the  Costorphine  hills  near  Edinburgh,  and  on 
face  of  Calton  Hill,  Prof.  Agassiz  is  of  opinion  cannot  be  expl 
t^e  action  of  water ;  but  they  resemble,  he  says,  the  effects  p 
by  the  under-surface  of  modem  glaciers.  In  his  recent  exan 
in  company  with  Mr.  McLaren,  of  the  Castle  Rock  at  Edi 
Dr.  Buckland  found  further  proofs  of  the  correctness  of  th< 
theory,  by  discovering  at  points  where  he  anticipated  the 
occur,  namely,  on  the  north-west  angle  of  the  rock,  distil 
upon  a  verticcd  polished  surface ;  and  at  its  base  a  nearly  h< 
portion  of  rock,  covered  with  deep  striae ;  also  on  the  soi 
angle  obscure  traces  of  strise  and  polished  surfaces*.  Some 
effects  may  be  imagined  to  have  been  produced  by  stones  pi 
from  the  sides  or  bottom  of  floating  masses  of  ice ;  but  it  ii 
sible.  Dr.  Buckland  observes,  to  account  by  such  agency  for  tl 
and  strise  on  rocks  at  Blackford  Hill,  two  miles  south  of  Edi 
pointed  out  to  him  by  Lord  Gh-eenock  in  1834.  On  the  so 
of  this  hill,  at  the  base  of  a  nearly  vertical  cliff  of  trap,  is  i 
vault,  partly  filled  with  gravel  and  sand,  cemented  by  a  reci 
tration  of  carbonate  of  lime.  The  sides  and  roof  of  the  v 
highly  polished,  and  covered  with  strise,  irregularly  arranj 
respect  to  the  whole  surface,  but  in  parallel  groups  over  lin 
tents.  These  strise.  Dr.  Buckland  says,  cannot  be  referrei 
action  of  pebbles  moved  by  water;  1st,  because  fragments 
set  in  motion  by  a  fluid  cannot  produce  such  continuous 
lines ;  and  2ndly,  because  if  they  could  produce  them,  the  lin 
be  parallel  to  the  direction  of  the  current :  it  is  impossible* 
to  refer  them  to  the  effects  of  stones  fixed  in  floating  ice,  ai 

*  In  October  1840,  Mr.  McLaren  found  a  polished  surface  on 
of  rock  near  the  south-weit  base  of  Arthur's  Seat 

Dr.  Buckland  has  in  his  possession  lithographs  copied  from  draw 
by  Mr.  James  Hall,  of  distinct  west  and  east  furrows  which  exte 
portion  of  the  north  side  of  the  summit  of  Calton  Hill,  and  on  tl 
of  the  carboniferous  sandstone  at  Craig  Leitb  Quarry.  Dr.  Buc 
similar  dressings  in  1824  in  a  sandstone  quarry  near  the  house  of 
frey,  two  miles  west  of  Edinburgh  ;  and  in  1840,  in  a  railway 
Bangholm  Bower,  one  mile  north-east  of  Edinbuigh,  he  found  in 
till  and  sand  many  striated  and  fluted  boulders. 


Digitized 


by  Google 


former  existence  ofGUtcien  in  Forfarshire,         579 

masses  could  have  come  in  contact  with  the  roof  of  a  low  vault.  On 
the  contrary,  it  is  easy,  he  says,  to  explain  the  phaenomena  of  the 
polish  by  the  longrcontinued  action  of  fragments  of  ice  forced  into 
the  cave  laterally  from  the  bottom  of  a'glacier  descending  the  valley, 
oa  the  margin  of  which  the  vault  is  placed ;  and  the  irregular  group- 
ing of  the  parallel  striae  to  the  unequal  motion  of  different  fragments 
of  ice,  charged  with  particles  of  stone  firmly  fixed  in  them,  Uke  the 
teeth  of  a  fie.  The  cave  is  not  three  hundred  feet  above  the  level 
of  the  sea,  and  the  proving  of  glacial  action  at  this  point  justifies, 
the  author  states,  the  belief  that  glaciers  may  also  at  that  period 
have  covered  Calton  Hill  and  the  Castle  Hills  pf  Edinburgh  and 
Stirling. 

A  paper  "  On  the  Geological  Evidence  of  the  former  existence  of 
Olaeiers  in  Forfarshire,"  by  Charles  Lyell,  jun.,  Esq.,  F.R.S., 
F.G.S.,  was  commenced. 

Dec. 3.-*Mr.  I^yell's  memoir  "On  the  Geological  Evidence  of 
the  former  existence  of  Glaciers  in  Forfarshire,"  commenced  on  the 
18th  of  November,  was  concluded. 

Three  eksses  of  phaenomena  connected  with  the  transported 
superficial  detritus  of  Forfarshire,  Mr.  Lyell  had  referred,  for  several 
years,  to  the  fiction  of  drifting  ice ;  namely,  1st,  the  occurrence  of 
erratics  or  vast  boulders  on  the  tops  and  sides  of  hills  at  various 
heights,  as  well  as  in  the  bottoms  of  the  valleys,  Und  far  hom  th^ 
parent  rocks ;  2ndly,  the  want  of  stratification  in  the  larger  portion 
q{  the  boulder  formation  or  till ;  and  3rdly,  the  curvatures  and  couf 
tortious  of  many  of  the  incoherent  strata  of  gravel  or  of  clay  resting 
upon  the  unstratified  till*.  When,  however,  he  attempted  to  apply 
the  the<Nry  of  drifting  ice  over  a  submerged  country  to  facts  with 
which  he  had  be^i  long  acquainted  in  Forfarshire,  he  found  great 
difiiculty  in  aceounting  for  the  constant  subterposition  of  the  till 
with  boulders  to  the  stratified  deposits  of  loam  and  gravel ;  for  the 
till  aAcending  to  higher  levels  than  the  gravel,  and  often  forming 
mounds  which  nearly  block  up  the  drainage  of  certain  glens  and 
straths ;  for  its  constituting,  with  a  capping  of  stratified  matter, 
narrow  ridges,  which  ft-equently  surround  lake-swamps  and  peat- 
mosses ;  and  for  the  total  absence  of  organic  remains  in  the  till. 

Since,  however.  Professor  Agassiz's  extension  to  Scotland  of  the 
glacial  theory,  and  its  attendant  phaenomena,  Mr.  Lyell  has  re-ex« 
amined  a  considerable  portion  of  Forfarshire,  and  having  become 
convinced  that  glaciers  existed  for  a  long  time  in  the  Grampians, 
And  extended  into  the  low  country,  many  of  his  previous  difiiculties 
luive  been  removed.  There  are,  nevertheless,  facts  connected  with 
the  ridges  of  stratified  materials  resting  upon  till,  which  he  is  unable 
to  explain.  He  also  states,  that  though  he  had  for  years  inferred 
from  the  evidence  of  fossil  shells  sent  to  him  from  Canada  by  Capt. 
Bayfield,  that  the  climate  of  North  America,  in  the  latitude  of  Que- 

•  See  Mr.  Lyell's  j)aper  on  the  Norfolk  Drift,  Phil.  Mag.,  Mav  1840, 
[Third  Series,  vol.  xvi.  p.  345,]  and  the  Abstract  of  the  paper  in  the  Pro- 
ceedings of  the  Society,  vol.  iii,  p.  171. 
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proceeds  to  illustrate  his  subject  by  describing  in  detail  the  phse- 
nomena  presented  by  the  valley  of  the  South  Esk  and  those  of  its 
tributaries. 

The  South  Esk  springs  from  a  shallow  lake  nearly  3000  feet 
above  the  level  of  the  sea,  and  twenty  miles  from  Strathmore.  For 
six  miles  the  river  flows  through  a  district  composed  partly  of  gneiss, 
traversed  by  veins  of  granite  or  eurit^,  and  partly  of  granite.  The 
fragments  derived  from  this  high  region  may  be  traced  downwards 
continuously  for  twelve  miles  to  Cortachie  ;  and  as  a  proof  that  the 
detritus  forming  the  lateral  mounds  has  followed  the  same  down- 
ward course,  Mr.  Lyell  states  that  it  preserves  throughout,  as  well 
in  the  main  as  in  the  lateral  glens«  an  uniformly  grey  colour ;  while 
bhe  detritus  of  the  lower  zone  of  mica-slate  is  invariably  tinged  red, 
this  colour  being  also  imparted  to  the  debris  of  the  still  lower  por- 
tions of  the  glens,  notwithstanding  the  intermixture  of  pale  brown 
materials  obtained  from  the  clay-slate  of  that  district.  Another 
proof  of  the  detritus  not  having  been  drifted  upwards,  is  the  absence 
in  the  higher  portions  of  the  glens  of  the  blocks  of  pure  white  quartz 
which  abound  in  the  region  of  mica-schist,  and  have  been  derived  from 
the  numerous  veins  and  beds  of  quartz  belonging  to  that  formation. 
rhe  chief  exception  to  this  arrangement  is  a  boulder  of  conglomerate 
in  the  bed  of  the  Proson,  evidently  derived  from  hills  two  miles  to 
the  south,  but  which  are  considerably  above  the  level  of  the  glen.  A 
few  other  similar  exceptions  have  been  noticed^  but  the  distances  to 
which  the  stragglers  have  been  traced  are  inconsiderable.  The  phse- 
nomena  exhibited  by  the  lateral  mounds,  Mr.  Lyell  states,  agree 
well  with  the  hypothesis  of  their  being  the  lateral  moraines  of  gla- 
ciers ;  and  he  adds,  that  he  had  never  been  able  to  reconcile  these 
phaenomena,  particularly  the  want  of  stratification,  with  the  theory 
of  the  accumulations  of  the  detritus  during  submergence,  and  the  re- 
moval by  denudation  of  the  central  portions  of  a  deposit  which  had 
by  that  means  filled  the  glens.  The  distribution  of  an  enormous 
mass  of  boulders  on  the  southern  side  of  Loch  Brandy,  and  clearly 
ierived  from  the  precipices  which  overhang  tlie  Loch  on  the  three 
9ther  sides,  is  advanced  as  another  proof  in  favour  of  the  glacial 
theory.  It  is  impossible  to  conjecture,  Mr.  Lyell  says,  how  these 
blocks  could  have  been  transported  half  a  mile  over  a  deep  lake ;  but 
let  it  be  imagined  that  the  Loch  was  once  occupied  by  a  glacier,  and 
the  difficulty  is  removed.  Loch  Whorral,  about  a  mile  to  the  east 
[)f  Loch  Brandy,  is  also  surrounded  on  its  north,  east  and  western 
ddes  by  precipices  of  gneiss,  and  presents  on  its  southern  an  immense 
iccumulation  of  boulders  with  other  detritus,  strewed  over  with 
ingular  blocks  of  gneiss,  in  some  instances  twenty  feet  in  diameter, 
rhis  moraine  is  several  hundred  yards  wide,  and  exceeds  twenty 
feet  in  depth,  terminating  at  the  borders  of  the  plain  of  Clova  in  a 
nultitude  of  hillocks  and  ridges  much  resembling  in  shape  some 
:enninal  moraines  examined  by  Mr.  Lyell  in  Switzerland. 

The  great  transverse  barrier  at  Glenaim,  where  the  valley  of  the 
South  Esk  contracts  from  a  mile  to  half  a  mile  in  breadth,  and  is 
lanked  by  steep  mountains,  Mr.  Lyell  formerly  regarded  as  very 
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district,  Mr.  Lyell  oonoeives,  might  be  well  accounted  for  by  supposing 
the  union  of  three  or  four  large  glaciers ;  but  he  considers  it  difficult 
to  explain  the  accumulation  of  the  overlying  stratified  materials,  the 
top  of  which  must  be  600  feet  above  the  level  of  the  sea,  and  facing 
the  Strath.  In  following  out  the  narrow  ridge  which  intervenes 
between  the  Proson  and  the  Carity,  during  last  October,  in  company 
with  Dr.  Buckland,  the  latter  drew  the  author's  attention  to  a  spot 
half  a  mile  south-west  of  the  House  of  Pearsie,  where  the  surface  of 
a  porphyry  rock  was  polished,  furrowed,  and  scratched.  The  quar- 
rymen  of  Forfarshire  also  state  as  a  general  fact,  that  rocks  of  suffi- 
cient hardness,  when  first  laid  bare,  are  smooth,  polbhed  and  scored; 
and  Mr.  Blackadder  has  found  on  the  Sidlaw  Hills  large  boulders  of 
sandstone  grooved  and  polished.-  Another  general  fact  mentioned 
by  Mr.  Lyell  is,  that  the  unstratified  boulder-clay  becomes  more  and 
more  impervious  in  the  lower  part  of  the  Grampian  glens,  not  in 
consequence  of  the  influx  of  distinct  materials,  but  in  the  author's 
opinion  of  the  grinding  down  by  the  ice  of  the  mud  and  other 
detritus. 

Mr.  Lyell  then  describes  the  phsenomena  of  the  second  district, 
or  Strathmore.  Though  this  district  may  be  considered  as  one 
great  strath,  yet  it  is  divided  into  many  longitudinal  ridges  and 
valleys.  The  former,  sometimes  300  feet  in  height,  are  for  the 
greater  part  parallel  to  the  strike  of  the  old  red  sandstone,  and  are 
generally  covered  to  the  depth  of  sixty  or  more  feet  with  till  and 
erratics,  derived  from  the  Grampians  and  the  subjacent  strata.  This 
covering  is  so  general,  that  the  structure  of  the  district  can  be  de- 
tected only  in  the  ravines  through  which  the  principal  rivers  pass. 
The  till  constitutes  invariably  the  oldest  part  of  the  detritus.  The 
boulders  which  it  contains  sometimes  exceed  three  feet  in  diameter : 
on  the  north  muir  of  Kerriemuir  is  a  block  of  trap-rock,  six  feet  by 
five  feet,  and  near  it  is  a  mass  of  mica-schist,  nine  feet  long  by  four 
feet  wide  and  three  high.  The  till  has  been  ascertained  by  Mr. 
Blackadder  to  fill,  in  many  places,  deep  hollows  in  the  sandstone, 
which  would  become  lakes  or  peat-mosses  if  the  till  were  extracted. 
llkis  distribution  of  the  detritus,  Mr.  Lyell  observes,  may  be  ex- 
plained on  the  supposition  that,  if  the  cold  period  came  on  slowly, 
the  advance  of  the  glaciers  would  push  forward  the  detritus  accumu- 
lated at  their  termination,  and  fill  up,  wholly  or  in  part,  the  lakes  or 
other  cavities  which  they  would  encounter  in  their  progress.  Along 
most  of  the  river  courses,  and  in  the  lowest  depressions  of  Strath- 
more, the  tiU  is  covered  by  stratified  sand  and  gravel. 

One  of  the  most  remarkable  peculiarities  of  the  transported  ma- 
terials of  Forfarshire  and  Perthshire  is  a  continuous  stream,  from 
three  to  three  and  a  half  miles  wide,  of  boulders  and  pebbles,  trace- 
able from  near  Dunkeld,  by  Coupar,  to  the  south  of  Blairgowrie, 
then  through  the  lowest  part  of  Strathmore,  and  afterwards  in  a 
straight  line  through  the  lowest  depression  of  the  Sidlaw  Hills  firom 
Forfflur  to  Lunan  Bay,  a  distance  of  thirty-four  miles.  No  great  river 
follows  this  course,  but  it  is  marked  everywhere  by  lakes  or  ponds, 
which  affi)rd  shell-marl,  swamps,  and  peat-mosses,  commonly  sur- 
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rounded  by  ridges  of  detritus  from  fifty  to  seventy  feet  hig 
sisting  in  the  lower  part  of  till  and  boulders,  and  in  the  u 
stratified  gravel*  sand«  loam  and  clay,  in  some  instances  cu 
contorted.  The  form  of  the  included  spaces  is  sometime 
sometimes  quadrangular.  The  finest  examples  are  in  th< 
tract,  which  has  the  Dean  for  its  southern  boundary,  and  tl 
from  the  bridge  of  Ruthven  to  the  south  of  the  grounds  of  L 
for  its  northern.  The  Grampian  boulders  are  throughout  th< 
but  there  are  associated  with  them  masses  of  actinolite  schbt 
Mr.  Blackadder  has  ascertained  could  be  derived  only  from  1 
ley  of  the  Tay.  The  fragments  of  secondary  rocks  belong 
formations  of  the  districts  in  which  they  occur.  Though  the  < 
occupied  by  these  marl-loch  lakes  is  not  traversed  longitudic 
any  river,  yet  it  is  so  low,  that  if  the  transported  matter  ¥ 
moved,  a  very  slight  depression  would  cause  the  sea  to  flo 
Lunan  Bay  by  ForfiEu-  to  Blairgowrie  and  Dunkeld.  Mi 
therefore  formerly  conceived  that  an  estuary  might  have  ej 
in  that  direction,  and  that  the  till  might  have  been  drii 
masses  of  ice  floated  from  the  Grampians  and  contiguous  hill 
overlying  ridges  of  sand  and  gravel  he  thought  might  hai 
bars  formed  one  after  the  other,  in  the  same  manner  as  th( 
sand  and  shingle,  which  now  crosses  the  mouth  of  the  Tay 
inland  ridges  of  sand  with  boulders,  which  Mr.  Lyell  not 
Sweden,  and  certainly  produced  under  the  sea,  confirmed 
this  view,  lliese  Swedish  ridges  are  from  fifty  to  several  1: 
yards  broad,  but  sometimes  so  narr6w  on  the  top  as  to  leai 
more  than  room  for  a  road ;  they  are  from  fifty  to  a  hundi 
high,  and  they  may  be  often  traced  in  unbroken  lines  foi 
leagues,  ranging  north  and  south.  In  his  account  of  these 
in  a  memoir  published  in  the  Philosophical  Transactions 
Lyell  states  his  belief  that  they  were  thrown  down  at  the  bo 
the  Gulf  of  Bothnia,  in  lines  parallel  to  the  ancient  coast,  and 
the  successive  rise  of  the  land.  They  usually  consist  of  si 
sand  and  gravel,  the  layers  being  often  at  high  indinatioi 
where  they  are  composed  of  boulders,  no  stratification  is  obs< 
After  a  long  search,  Mr.  Lyell  succeeded  in  finding  shells  in 
of  marl  belonging  to  a  ridge  in  the  suburbs  of  Upsala,  about 
feet  below  the  summit  of  the  ridge,  and  eighty  above  the  sea 
shells  consisted  of  Mytilua  edulis,  Cardium  edule,  Tellina  j 
Littorina  litiorea,  and  Turbo  ulva,  the  most  common  speciei 
Baltic,  and  they  constituted  the  greater  part  of  the  layer, 
summit  of  the  ridge,  at  a  short  distance,  he  noticed  angular 
of  gneiss  and  granite,  from  nine  to  sixteen  feet  long,  whi 
evidently  been  lodged  when  the  ridge  was  submarine. 

In  Forfarshire  Mr.  Lyell  never  succeeded,  as  in  the  above 
Sweden,  in  finding  marine  shells  in  the  ridges  of  sand ;  nor  ( 
remember  to  have  seen  in  Sweden  transverse  ridges  at  right 
to  the  north  and  south.     The  glacier  theory,  the  author 

•  1835,  pp.  16,  16. 
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appears  to  offer  a  happy  solution  of  the  problem  of  the  marl-loch 
graveb,  the  longitudinal  banks  being  regarded  as  lateral  and  medial 
moraines,  and  the  transverse  ridges  as  terminal.  The  chief  objec- 
tions are  the  stratification  of  the  upper  part  of  the  banks,  and  the 
necessity  of  assuming  a  glacier  thirty-four  miles  in  length,  with  a 
fall  of  only  300  or  400  feet  of  country. 

It  has  siways  appeared  to  Mr.  Lyell  and  Mr.  Blackadder  remark- 
able, that  the  marl-loch  gravels  at  Forfar  are  nearly  100  feet  above 
the  tract  of  till  which  separates  them  from  the  valley  of  South  £sk, 
in  Strathmore.  In  the  present  configuration  of  the  country,  water 
could  not  deposit  the  Forfar  gravels  without  extending  to  the  South 
£sk,  the  detritus  of  which  is  distinct,  and  separated  by  a  low  district 
of  till  without  gravel.  The  only  explanations  of  these  phsenomena 
Mr.  Lyell  considers  to  be  either  l^at  the  till  is  the  moraine  of  a 
glacier,  or  that  there  has  been  a  local  change  of  relative  levels  of 
lands,  by  which  the  gravel  of  Forfar  was  uplifted,  or  the  till  to  the 
northward  depressed. 

Another  line  of  stratified  detritus  ranges  at  a  higher  level  from 
the  Loch  of  Lundie,  along  the  Dichty  Water,  to  the  sea  at  Moray 
Firth,  a  distance  of  thirteen  miles ;  and  it  is  stated  that  many  others 
might  be  enumerated.  It  is  only  on  the  coast  to  the  east  and  west 
of  Dundee,  at  heights  varying  from  twenty  to  forty  feet,  that  strati* 
fied  clay  and  gravel  have  been  found  by  Mr.  Lyell  to  contain  marine 
shells,  all  belonging  to  known  existing  species,  except  a  Nucula, 
Although  these  remains  prove  a  certain  amount  of  upheaval  subse- 
quent to  the  deposition  of  the  till,  or  to  the  commencement  of  the 
facial  epoch,  including  an  equal  movement  in  the  interior,  still 
Mr.  Lyell  objects  to  a  general  submergence  of  that  part  of  Scotland, 
since  the  till  and  erratic  blocks  were  conveyed  to  their  present 
positious ;  as  the  stratified  gravel  is  too  partial  and  at  too  low  a 
level  to  support  such  a  theory ;  and  he  would  rather  account  for  the 
existence  of  the  stratified  deposits,  by  assuming  that  barriers  of 
i(«  produced  extensive  lakes,  the  waters  of  which  threw  down 
ridges  of  stratified  materials  on  the  tops  of  the  moraines.  With  re- 
spect to  the  geological  age  of  the  beds  containing  the  marine  shells, 
Mr.  Lyell  is  of  opinion  that  it  is  synchronous  with  that  of  the 
older  of  the  recent  formations  on  the  Clyde,  examined  by  Mr.  Smith 
of  Jordan  Hill,  and  Mr.  £.  Forbes ;  and  with  respect  to  the  age  of 
the  till  and  stratified  gravel  last  formed,  he  is  of  opinion  that  it  is 
very  modem,  because  these  accumulations  constitute  exclusively  the 
dams  of  certain  marl-lochs  to  the  very  bottom  of  the  sediment 
formed,  in  which  all  the  Testacea  and  skeletons  of  quadrupeds,  as 
weH  as  the  remains  of  plants  which  have  been  found,  are  of  existing 
species. 

The  third  district,  or  that  of  the  Sidlaw  Hills,  claimed  Mr.  Lyell's 
attention  more  particularly  on  account  of  the  Grampian  boulders 
with  which  it  abounds.  This  range,  whose  greatest  height  is  1500 
feet  above  the  sea,  is  composed  of  anticlinal  strata  of  grey  sandstone, 
belonging  to  the  old  red  sandstone,  with  associated  trap.  It  is  co- 
vered, as  well  as  the  whole  of  the  country  between  Strathmore  and 
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the  Tay,  with  the  impervious  till,  containing  Grampian  boold 
fragments  of  the  subjacent  grey  sandstone.  The  finest  inst 
erratics  observed  by  Mr.  Lyell  occur  on  Pitscanly  Hill,  700  fi 
the  adjacent  hill  of  Turin,  800  feet  above  the  level  of  the  sea. 
forty  feet  below  the  summit,  on  the  southern  side  of  the  fa 
a  block  of  mica- slate  thirteen  feet  long,  seven  broad,  and  i 
height  above  the  ground.  Four  smaller  and  equally  angular 
from  three  to  six  feet  in  diameter,  lie  close  to  its  north  end,  i 
veredfrom  it.  One  of  the  nearest  points  at  which  this  gneia 
in  9itu,  is  the  Craig  of  fialloch,  fifteen  miles  distant,  on  the  n 
extremity  of  the  Creigh  Hill,  and  between  these  points  int 
the  great  valley  of  Strathmore  and  the  hills  of  Finhaven. 
Grampian  boulders,  from  three  to  six  feet  in  diameter,  occui 
hills  between  Lumley  Den  and  Lundie,  at  the  height  of  10( 
and  Mr.  Blackadder  has  found  fragments  of  mica-schist  one 
diameter  on  the  summit  of  Craigowl,  the  highest  point  of  1 
law  Hills,  and  exceeding  1500  feet  above  the  level  of  the  se 

In  conclusion,  Mr.  Lyell  offers  some  remarks  on  the  coi 
under  which  glaciers  may  have  existed  in  Scotland,  and  thi 
cnces  between  them  and  those  of  the  glaciers  of  Switzerlao 
states  that  the  glaciers  of  the  latter  country  being  situs 
further  to  the  south,  they  can  present  but  an  imperfect  analo 
permanent  masses  of  ice  in  Forfarshire,  and  that  it  is  to 
Georgia,  Kerguelen's  Land  and  Sandwich  Land  that  we  must '. 
the  nearest  approach  to  that  state  of  things  which  must  have 
in  Scotland  during  the  glacial  epoch.  In  those  regions  of  th< 
em  hemisphere  the  ice  reaches  to  the  borders  of  the  sea,  i 
temperature  of  summer  and  winter  being  nearly  equalized,  1 
ciers  probably  remain  almost  stationary,  like  those  of  the 
winter,  and  can  be  diminished  by  only  the  first  two  of  th 
causes  which  tend  to  check  an  indefinite  accumulation  of  i 
Switzerland  ;  viz.  Ist,  evaporation  without  melting;  and  2m 
descent  of  glaciers  by  gravitation,  considered  by  M.  Agaas 
not  very  influential: — ^the  third  cause,  the  descent  of  gla^erfl 
from  alternate  liquefaction  and  freezing,  he  conceives  must  be 
suspended  in  these  regions. 

As  the  tertiary  strata  prove  that  a  warm  climate  certaii 
ceded  the  assumed  glacial  epoch  in  the  northern  hemisphere! 
a  mild  climate  has  since  prevailed,  Mr.  Lyell  sayB,  there  ar 
distinct  phases  of  action  to  be  considered  in  studying  the  si 
glaciers  of  Scotland :  1st,  the  coming  on  of  the  epoch ;  2nd, 
tinuance  in  full  intensity;  and  3rd,  its  graduid  retreat, 
commencement  of  the  first  condition,  only  the  higher  mo 
would  send  down  glaciers  to  be  melted  in  the  plains  below,  ae 
sent  in  Switzerland,  and  in  Chili  between  the  40th  and  50th 
of  latitude.  The  ice  would  therefore  thus  be  constantly  advanc 
retreating,  but  progressively,  century  by  century,  gaining  | 
in  consequence  of  diminishing  summer  heat;  and  pushing  its  t 
moraines  forward,  it  would  fill  up  lakes  and  otiier  inequalit 
it  finally  reached  the  sea.     During  the  second  condition,  wi 


Digitized 


by  Google 


Qladers  in  ScoUand  and  England^  Part  IL         587 

motion  of  tiie  ice  would  be  rery  small,  there  would  be»  Mr.  Lyell 
8tftt69«  Ta»t  accnmulatioiu  of  enow  filling  the  plains  and  valleys  to  a 
great  height,  and  leaving  bare  only  the  higher  peaks  and  precipices 
of  the  mountains.  From  these  points,  he  conceives  the  erratic 
blocks  were  detached  and  conveyed  almost  imperceptibly  along  the 
surfece  of  the  frozen  snow  to  great  distances.  Lastly,  at  the  break- 
ing up  and  gradual  retreat  of  the  glaciers  during  the  tliird  period*  he 
is  of  opinion,  the  boulders  were  deposited  in  &e  various  situations 
in  which  they  are  now  found,  and  that  moraines,  or  lateral  and  truiB* 
verse  mounds,  were  successively  deposited,  and  lakes  formed,by  which 
stratified  materials  were  accumulated  in  certain  positions. 

The  second  part  of  Dr.  Buckland's  Memoir  on  the  Evidence  of 
Olaciers  in  Scotland  and  the  North  of  England,  was  then  read. 

llie  first  part  of  the  Memoir  concluded  with  an  account  of  glacial 
phsnomena  in  the  neighbourhood  of  Edinburgh  (see  anth,  p.  569) ; 
and  the  line  of  country  more  particularly  described  in  this  portion 
extends  southward  from  Edinburgh  by  Berwick,  Newcastle,  the  Che* 
viots,  the  lake  districts  of  Cumberland  and  Westmoreland,  Kendal 
and  Lancaster,  to  Shap  Fell.  A  large  portion  of  the  low  lands  be- 
tween Edinburgh  and  Haddington  is  composed  of  till  or  unstratified 
glacier-mud  containing  pebbles.  In  the  valley  of  the  North  Tyne, 
about  one  mile  east  of  Haddington,  is  a  longitudinal  moraine  mid- 
way between,  and  parallel  to,  the  river  and  the  high  road;  and 
Dr.  fiuokland  directs  attention  to  the  trap-rocks  which  commence  a 
little  further  eastward,  and  are  intersected  by  the  T3rne  for  four  or 
five  miles  above  Linton,  as  likely  to  present  scored  and  striated  sur- 
faces, where  the  valley  is  most  contracted.  Four  miles  west  of 
Dunbar  another  long  and  lofty  ridge  of  gravel  stretches  along  the 
right  bank  of  the  river ;  and  for  three  miles  to  the  south-east  of  Dun- 
bar extends  a  series  of  terraces  or  modified  lateral  moraines.  In  the 
high  valleys  at  the  east  extremity  of  the  Lammermuir  hills,  between 
Cookbum's  Ptith  and  Ayton,  moraines  dispersed  in  terraces  are  also 
visible  at  various  heights  on  both  sides  of  the  river ;  and  on  the  left 
margin  of  the  estuary  of  the  Tweed,  three  miles  north  of  Berwick, 
round  tttmuU  and  oblong  mounds  of  gravel  are  lodged  on  the  slope 
of  a  hiU  300  or  400  feet  above  the  level  of  the  sea. 

MotinneM  in  Northumberland.^-^n  many  parts  of  the  coast  of 
Northumberland,  especially  near  Newcastle,  deposits  of  till  rest 
upon  the  carboniferous  rocks.  At  the  village  of  North  Charlton, 
between  Belford  and  Alnwick,  Mr.  C.  IVevelyan  pointed  out  to 
Dr.  Bttckland  in  1821|  a  tortuous  ridge  of  gravel  which  was  sup- 
posed to  be  an  inexplicable  work  of  art ;  but  which  he  became  con- 
vinced, after  an  examination  in  1838  of  the  upper  glacier  of  Grin- 
delwald  and  that  of  Rosenlaui^  is  a  lateral  moraine.  Dr.  Buokland 
was  prevented  from  examining  the  gorges  through  which  the  Bums 
descend  from  the  eastern  extremity  of  the  Cheviots,  but  he  directs 
attention  to  them  as  points  where  strie  and  other  proofs  of  glacial 
action  may  be  found.  Immediately  below  the  vomitories  of  the 
eastern  valleys  of  the  Cheviots,  enormous  moraines  are  stated  to 
cover  a  tract  bux  mUes  from  north  to  south,  and  two  firom  west  to 
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upper  ends  of  Windermere  and  Coniaton  lakes ;  and  they  contain  a 
large  admixture  of  clay,  in  consequence  of  the  slaty  nature  of  many 
of  the  mountains.  A  capping  of  till  and  gravel,  thirty  to  forty  feet 
thick*  overlies  the  great  vein  of  haematite  near  Ulverston.  The  nu- 
merous boulders  upon  the  Isle  of  Walney  abo  indicate  the  progress 
of  the  moraines  from  Windermere  and  Coniston  to  the  north-west 
extremity  of  Morecombe  Bay. 

Dr.  Buckland  was  prevented  from  personally  examining,  during  his 
late  tour,  the  south-west  and  west  frontiers  of  the  Cumberland 
mountains,  but  he  conceives  that  many  of  the  conical  hillocks  laid 
down  on  Fryer*s  large  map  of  Cumberland,  in  the  valley  of  the 
Duddon,  at  the  south  base  of  Harter  Fell,  are  moraines ;  that  some 
of  the  hillocks  in  the  same  map  on  the  right  of  the  Esk,  at  the  east 
and  west  extremities  of  Muncaster  Fell,  are  also  moraines  formed  by 
a  glacier  which  descended  tlie  west  side  of  Sea  Fell ;  and  that  many 
of  the  hillocks  near  the  village  of  Wastdale  were  formed  by  moraines 
descending  westward.  Dr.  Buckland  is  likewise  convinced  that 
moraines  exist  near  Church  in  the  Valley ;  also  between  Crummoch 
Water  and  Lorton,  in  the  valley  of  the  Cocker ;  and  near  Isle,  in 
the  valley  by  which  the  Derwent  descends  from  Bassenthwaite  lake 
towards  Cockermouth,  though  there  are  no  indications  of  them  on 
Fryer's  map. 

Near  the  centre  of  the  lake  district  are  extensive  medial  mo- 
raines on  the  shoulder  of  the  hill  called  the  Braw  Top,  and  formed 
by  glaciers  at  the  junction  of  the  valley  of  the  Greta  witL  that  of 
Derwent  Water. 

Dr.  Buckland  had  no  opportunity  of  seeking  for  polished  and  stri- 
ated surfaces  in  the  high  mountain  valleys  of  the  lake  district ;  but 
he  found  them  on  a  recently  exposed  surface  of  grey  wacke  in  Dr. 
Arnold's  garden  at  Fox  Howe  near  Ambleside ;  likewise  near  the 
slate  quarry  at  Rydal ;  and  on  newly  bared  rocks  by  the  side  of  the 
road  ascending  from  Grassmere  to  the  Pass  of  Wythburn ;  he  is  also 
of  opinion  that  many  of  the  round  and  mammiUated  rocks  at  the 
bottom  of  the  valley,  leading  from  Helvellyn  by  the  above  localities 
to  Windermere,  owe  their  form  to  glacial  action. 

The  remarkable  assemblage  of  boulders  of  Criffle  granite  at  Shalk- 
beck,  between  Carlisle  and  Cockermouth,  Dr.  Buckland  conceives 
may  have  been  transported  across  the  Solway  Frith  on  floating 
masses  of  ice,  in  the  same  manner  as  the  Scandinavian  blocks  are 
supposed  to  have  been  conveyed  across  the  Baltic  to  the  plains  of 
Northern  Germany. 

Dispersion  of  Shap  Fell  Granite  by  Ice, — ^The  difficulties  which 
had  long  attended  every  attempt  to  explain  the  phaenomena  of  the 
distribution  of  the  Shap  Fell  boulders,  Dr.  Buckland  considers,  are 
entirely  removed  by  the  application  of  the  glacial  theory.  One  of 
the  principal  of  these  difficulties  has  been  to  account  for  their  disper- 
sion by  the  action  of  water ;  northwards  along  the  valley,  descend- 
ing from  Shap  Fell  to  Shap  and  Penrith ;  southwards  in  the  direc- 
tion of  Kendal  and  Morecombe  Bay ;  and  eastward,  over  the  high 
table-land  of  Stainmoor  Forest,  into  the  valley  of  the  Tees,  as  mr 
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as  Dariington.  A  glacier  descending  northwards  from  tl 
would,  on  the  contrary,  carry  with  it.  Dr.  Buckland  says,  bl 
the  village  of  6hap,  and  strew  them  thiddy  over  the  space 
they  are  now  found;  another,  taking  a  southern  course, 
drop  the  boulders  on  die  hills  and  valleys  ova:  which  the  n 
scends  by  High  Borough  Bridge  to  Kendal ;  and  a  third  gic 
cier,  proceeding  eastwards  betwixt  Crosby,  Ravenaworth,  and 
would  cross  transversely  the  upper  part  of  the  valley  of  tiic 
near  Brough,  and  accumulate  piles  of  ice  against  the  opposite  < 
ment  until  they  overtopped  its  lowest  depression  in  Sta 
Forest,  and  disgorged  their  moraines  into  the  valleys  of  tbi 
and  the  Tees.  There  are  abundant  proofs.  Dr.  Bucjdand  st 
die  ezbtence  of  this  glacier  in  large  mud  and  boulder  mom 
the  ascent  of  the  gorge  between  Shap  Fell  and  Birbeek  Fell, 
the  furrows  and  stri«,  as  well  aa  die  mammillated  fonns 
rooks  at  the  portals  of  the  gorge,  particularly  on  the  norther 
In  the  physical  structure  of  this  neighbouriiood.  Dr.  Bi 
points  out  odier  conditions  which  would  have  ftcilitated  tb 
muladon  of  glaciers,  as  the  lofty  mountains  of  Yardale  Head 
overtop  Shap  Fell  on  the  north-west,  and  the  still  higher  moi 
to  the  west,  whose  snows  must  have  nourished  enormoiis  g] 
and  he  concludes  by  stating  that  Professor  Agassiz,  during^  a 
pendent  tour,  arrived  at  similar  conelusions  respecting  the  n 
which  the  Shap  boulders  were  distributed. 


ROYAL  ASTRONOMICAL  SOCIETY. 
[Continued  from  p,  156*] 

March  13, 1840, — ^The  following  communications  were  r# 

On  die  Regulator  of  the  ClockrW(»rk  for  effectiiig  nniform 
ment  of  Equatoreals.    By  G.  B.  Airy*  Esq*  Astronimi^  Royi 

The  subject  of  this  oommunication  is  a  mathematical  invesi 
of  a  mechanical  problem  of  great  importance  in  [nra^ical  aatr 
The  author  remarks,  that  dub  accuracy  given  to  a  most  delic 
valuable  species  of  observations,  by  the  use  of  clock-work  a 
to  equatoreals,  is  so  great,  and  the  importance  of  die  appUci 
evident,  that  any  investigation  which  assists  in  elucidating  tl 
eiples  on  which  such  apparatus  should  be  oonstrueted,  and  es] 
any  which  points  out  the  nature  of  one  important  defect  tc 
it  may  be  l&ble,  cannot  but  be  regarded  9»  interesting  to  th 
tical  astronomer  and  the  instrument-maker. 

After  adverting  to  the  different  methods  of  giving  modfl 
train  of  wbeel-work  to  the  polar  axis  of  the  equatornil*  whii 
been  adopted  in  the  principal  instouments  hidierto  erected, 
Dorpat  telescope,  the  Koenigsberg  beliometer,  the  CasB])pdgi 
torettl,  &c«,  the  author  proceeds  to  consider  the  various 
which  have  been  put  in  practice  f<nr  effecting  the  regulatic 
the  mountings  constructed  by  Fraunbofer,  die  axis  of  the  re 
is  vextical ;  it  carries  a  horizontal  croas^^ann,  to  the  ^UTeo) 
wbidi  aw  attadied  springs  nearly  tcansrenie  m  direatioa 
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croflB-ann,  carrying  at  the  ends  small  weights.  When  the  regulator 
is  made  to  revolre  with  a  certain  velocity,  the  centrifugal  force  of 
the  balls  bends  the  springs  till  the  balls  just  touch  the  inner  sur&ce 
of  a  drum  which  surrounds  the  regulator :  the  smallest  additional 
velocity  causes  the  balls  to  press  against  the  drum  and  create  a 
friction  which  immediately  reduces  the  velocity;  and  the  drum  is 
made  slightly  conical,  so  that  by  raising  or  depressing  it  tke  velocity 
may  be  altered  at  pleasure.  This  construction  not  only  partakes 
of  the  defects  common  to  all  the  others,  but  is  liable  besid^  to  this 
peculiar  objection,  that  the  determinate  rate  will  depend  most  es» 
sentially  on  the  strength  of  the  springs,  and  will  therefore  depend 
on  temperature  and  otixer  var3rilig  causes.  The  other  constructions 
(which  were  practically  introduced  by  Mr.  Sheepshanks)  depend 
upon  the  same  principle  as  that  of  the  governor  of  the  steam-en- 
gine. Two  balls  suspended  from  the  upper  part  of  a  vertical  axis, 
by  rods  of  a  certain  length,  are  made  to  expand  by  the  rotatory  ve- 
locity iji  the  axis ;  and  this  expansion,  when  it  reaches  a  certain 
extent,  is  made  to  press  a  lever  against  some  revolving  part,  and 
thereby  to  create  a  Mction  which  immediately  checks  the  velocity. 
In  some  cases  the  balls  are  suspended  by  rods  from  the  extremities 
of  a  horizontal  arm  carried  by  liie  vertical  axis.  This  construction, 
adopted  in  the  south  equatoreal  of  the  Royal  Observatory,  may  be 
considered  analogous  to  Fraunhofer's,  substituting  for  the  springs 
the  gravity  of  the  balls ;-— a  change  which  can  hardly  £ul  to  be  ad* 
vantageous. 

Now,  the  uniformity  of  rotatory  motion  of  the  spindle,  in  these 
various  constructions,  depends  entirely  on  this  assumption ;  that  if  j 
upon  the  whole,  the  retarding  forces  are  equal  to  the  accelerating 
forces,  the  revolving  balls  wUl  move  in  a  circle  and  in  no  other 
carve.  But  this  assumption  is  not  correct.  If,  for  instance*  we 
consider  the  case  of  baUs,  suspended  as  in  the  governor  of  the 
steam-engine ;  the  motion  of  CAch  of  the  balls  may  be  the  same 
(omitting  the  moments  of  inertia  of  the  various  parts  of  the  machine* 
which  are  trifling)  as  that  of  a  ball,  suspended  by  a  string,  and  put 
in  motion  by  an  arbitrary  impulse ;  and  a  ball  so  vaspeaded  may 
move  in  a  curve  differing  insensibly  from  an  ellipse.  Now  this 
elliptic  motion  actually  takes  place.  In  some  instances  observed 
by  the  author,  the  balls  of  the  regulator,  instead  of  revolving  in  a 
circle,  revolved  in  an  ellipse  of  considerable  excentricity,  and  the 
rotatory  motion  of  the  spindle  was  therefore  exceedingly  variable. 
The  effect  of  this  irregularity  on  the  motion  of  the  equatoreal, 
whether  the  inequalities  of  motion  are  followed  by  the  polar  axis» 
or  merely  communicate  a  general  tremor  to  the  frame,  must  be 
injurious. 

Tlie  inequality  now  mentioned  is  only  one  case  of  a  very  ex- 
tensive theorem,  which  may  be  thus  enunciated : — "  Whenever  the 
equilibrium  of  forces  requires  that  a  free  body  be  brought  to  a  de- 
terminate position,  either  absolute  or  relative  to  other  parts  of  tiie 
medumism  with  which  it  may  be  connected,  the  body  will  not  re- 
main steadily  in  that  position  of  equilibrium*  but  will  oseiliate  on 
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both  sides  of  that  position,  and  (so  far  as  the  action  of  those  forces 
affect  it>  will  have  no  tendency  to  settle  itself  in  the  position  of 
equilibrium."  This  theorem  supposes  that  some  cause  of  disturbance 
has  once  put  the  body  into  a  state  of  oscillation ;  and  renders  it 
necessary  to  take  account  of  such  oscillation  in  planning  any  me- 
chanism which  depends  upon  assuming  the  position  of  equilibrium 
to  be  nearly  preserved. 

If  we  examine  the  theory  of  the  regulator,  we  shall  see  that  the 
friction  which  checks  the  motion  takes  place  when  the  balls  are 
most  distant  from  the  axis,  and  (as  the  equable  description  of  areas 
is  nearly  observed)  this  occurs  when  the  angular  motion  is  least. 
The  whole  maintaining  force  acts  without  check  when  the  balls  are 
nearest  to  the  axis,  that  is,  when  the  angular  motion  is  greatest. 
Therefore,  when  the  angular  motion  is  least,  the  acting  forces  tend 
still  to  diminish  it ;  when  greatest,  they  tend  to  increase  it.  Hence 
the  inequalities  of  angular  motion  will  increase  till  some  new  forces 
come  into  play,  which  act  in  some  different  manner :  and  thus  is 
explained  tiie  obstinate  adherence  of  the  governor  balls  in  some 
cases  to  their  elliptic  motion. 

llie  author  next  proceeds  to  consider  the  ways  in  which  an  at- 
tempt may  be  made  to  counteract  the  injurious  effects  of  such  oscil- 
lations. These  appear  to  be  only  two ;  one,  to  make  the  oscilla- 
tions of  velocity  much  slower  (or  to  make  their  periodic  time 
longer)  ;  the  other,  to  make  the  oscillations  quicker  (or  to  make 
their  periodic  time  shorter).  The  first  of  these  methods  has  the 
effect  of  giving  greater  smoothness  to  the  motion  (an  object  of 
great  importance) ;  and  it  is  the  principle  which  was  adopted  with 
success  in  the  clock-work  of  the  Cambridge  equatoreal.  The  se- 
cond method  endangers  the  smoothness  of  the  motion ;  but,  as  the 
error  has  but  a  short  time  for  accumulation,  it  ensures  that  the  ob- 
ject shall  remain  steady  under  the  wire  of  the  telescope  for  more 
completely  than  the  first.  The  construction  attached  to  the  clock- 
work of  the  south  equatoreal  of  the  Royal  Observatory  is  on  this 
principle ;  and  it  appears  to  answer  extremely  well. 

The  mathematical  problem  proposed  by  the  author  in  the  present 
communication  is  an  investigation  into  the  motion  of  governor  balls, 
for  the  purpose  of  deducing  the  time  of  rotation  corresponding  to  a 
given  expansion  of  the  balls,  and  the  periodic  time  of  their  oscilla- 
tions, and  the  consequent  oscillations  in  the  angular  speed  of  the 
spindle ;  and  the  subject  is  discussed  on  four  different  suppositions, 
which,  with  their  several  principal  results,  are  as  follows  :  1.  When 
the  balls  are  supposed  to  be  acted  upon  by  no  force.  The  result 
is,  that  the  periodic  time  of  oscillation  is  somewhat  greater  than 
half  the  time  of  rotation.  2.  When  the  axis  which  carries  the  balls 
has  a  fly-wheel  attached  to  it.  In  this  case  the  periodic  time  of  the 
oscillations  cannot  be  less  than  half  the  time  of  rotation,  and  may 
be  in  any  proportion  greater.  3.  When  the  balls  are  suspended  by 
rods  from  a  horizontal  arm  carried  by  the  regulator-spindle.  The 
result  is,  that  the  periodic  time  of  the  oscillations  may  be  made 
small  in  any  proportion  to  the  time  of  rotation.    4.  On  an  assumed 
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iw  of  accelerating  force  and  retarding  friction.  The  result  is,  that 
[le  effect  of  these  forces  is  to  increase  continually  the  inequality 
f  motion. 

Note  on  an  Arabic  Globe  belonging  to  the  Society.  By  R.  W. 
Lothman,  Esq.  M.A.,  Foreign  Secretary. 

The  instrument  in  question  is  a  smsdl  bronze  globe,  about  six 
iches  in  diameter,  brought  some  time  ago  ^m  the  East,  having 
tie  positions  of  the  principal  stars  marked  by  silver  studs,  with 
iieir  Arabic  names  engraved ;  and  the  object  of  the  present  note  is 
3  point  out  the  differences  between  the  names  of  the  stars  as  found 
n  the  globe,  and  those  given  in  the  Catalogue  of  Ulugh  Beg,  with 
rhich,  in  general,  the  globe  agrees,  though  in  some  instances  the 
ifferences  are  worthy  of  notice.  From  the  position  of  the  colour, 
:c.  it  is  inferred  that  the  globe  is  not  of  ancient  date ;  but  it  bears 
o  mark  indicative  of  the  precise  period  of  its  construction. 

Elements  of  Galle's  Second  Comet ;  computed  by  M.  Petersen, 
ud  communicated  by  Professor  Schumacher. 

April  10. — ^The  following  communications  were  read  :— 

Observations  made  at  the  Cape  of  Good  Hope,  in  the  year  1838, 
ith  Bradley's  Zenith  Sector,  for  the  Verification  of  the  Abb6  De 
.acaille's  Arc  of  the  Meridian.  By  Thomas  Maclear,  Esq.  F.R.S. 
!ommunicated  by  the  Lords  Commissioners  of  the  Admiralty'*'. 

The  present  paper  is  the  second  which  has  been  received  from 
Ir.  Maclear  on  the  subject  of  the  important  and  interesting  opera- 
ons  now  going  on  at  the  Cape,  relative  to  the  measurement  of  an 
re  of  the  mericUan. 

In  the  former  communication,  an  account  of  which  is  given  in  the 
[onthly  Notice  for  April  1839  (Phil.  Mag.  Third  Series,  vol.  xiv. 
.  522),  Mr.  Maclear  detailed  his  proceedings  for  the  purpose  of 
lentifying  the  terminal  station  of  Lacaille's  arc ;  the  present  con- 
lins  the  sector  observations,  with  their  reduction,  and  the  deter- 
lination  of  the  amplitude  of  the  arc. 

The  sector  was  delivered  to  Mr.  Maclear  in  Table  Bay,  by  Cap- 
in  Maitland,  of  H.  M.  ship  Wellesley,  on  the  9th  of  December, 
537,  and*  was  conveyed  the  same  day  to  the  Royal  Observatory 
[ider  his  personal  superintendence ;  and  on  the  10th  the  instru- 
ent  was  put  together  and  erected  in  the  centre  room.  As  this 
K>m  was  originally  constructed  for  a  zenith- tube  of  limited  dimen- 
ons,  it  became  necessary  to  enlarge  the  apertures  by  sawing 
trough  a  portion  of  the  iron  bars  of  the  grating  forming  the  floor 
'  the  lantern,  and  of  the  rafters  above.  In  this  tedious  operation 
^arly  a  month  was  consumed  ;  but»  in  the  meanwhile,  a  tent  and 
tripod  for  the  support  of  the  sector  were  prepared,  a  list  of  stars 
lected,  and  a  variety  of  details  settied,  in  which  the  author  states 
ir  J.  Ilerschel  cordially  assisted  with  his  advice. 

The  site  of  Lacaille's  Observatory  in  Cape  Town  being  covered 
J  a  large  building,  erected  since  1752,  the  sector  could  not  be 
aced  exactiy  over  Lacaille's  station ;  it  was  accordingly  raised  in 
le  court-yard  of  the  house,  under  a  tent,  and  every  disposition 

«  [See  Phil.  Mag.  Third  Series,  vol.  xvi.  p.  594.] 
hU.  Mag.  S.3.  Vol.  18.  No.  120.  Suppl  July  1841.  2  Q 
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made,  vrhich  the  confined  locality  admitted  of,  to  secure  the  canvass 
against  the  effects  of  the  wind.  The  instrument  was  erected  and 
adjusted  on  the  29th  of  January,  and  the  observations  commenced 
the  same  evening.  They  were  carried  on  until  the  19th  of  Fe- 
bruary, but  under  very  disadvantageous  circumstances,  principally 
from  llie  violence  of  the  north-east  wind  acting  on  die  unsettled 
canvass,  and  the  showers  of  sand  carried  into  the  tent  from  the 
street.  This  series  of  observations  proved  to  be  unsatisfactory,  and 
was  not  used  for  the  determination  of  the  amplitude. 

As  one  of  the  objects  for  which  the  present  observations  were 
undertaken  was  to  determine  the  influence  of  Table  Mountain  on 
the  direction  of  the  plumb-line,  the  sector  was^  next  transferred  to 
a  station  close  up  towards  the  precipitous  front  of  the  mountain,  on 
its  north  side,  and  about  1000  feet  above  the  level  of  the  sea. 
Previous,  however,  to  the  commencement  of  the  observationa  at 
this  station,  Mr.  Maclear  removed  the  bisecting  wires,  which  had 
been  found  too  thick  for  several  of  the  stars  employed,  and  substi- 
tuted cobweb.  The  observations  began  on  the  24th  of  Fcbroary, 
and  were  continued  till  the  13th  of  March,  when  the  sector  was 
dismounted  and  carried,  as  before,  by  coolies  to  the  office  of  the 
Engineer  Department  in  Cape  Town. 

The  next  step  in  the  proceedings  was  to  transport  the  sector  to 
Klyp  Fonte]^!,  the  northern  extremity  of  the  arc.  The  party  ar- 
rived at  the  station  on  the  24th  of  March,  and  immediately  prepared 
to  erect  the  sector  on  the  corn-floor  described  in  the  former  Notice 
as  Jacobus  Cotsee's  foundation,  which  is  situated  at,  and  rather 
within,  the  south  extremity  of  the  ruin  supposed  by  Captain  Everest 
to  be  the  granary  of  LiacaUle.  Before  the  instrument  was  set  up, 
the  several  pieces  forming  the  bearing  and  upper  adjustments  of  the 
tube  were  separated,  and  carefully  cleared  from  sand  and  dust.  A 
tent  having  been  raised,  and  fixed  to  iron  pins  driven  into  die  floor, 
the  tube  was  placed  on  its  bearings,  and  the  two  barometers  sus- 
pended from  the  sector  tripod.  At  the  distance  of  twenty-one  feet 
exactly,  and  due  east  of  the  sector  axis,  a  nail  was  driven  into  the 
floor,  on  which  the  axis  of  the  repeating  circle  was  placed. 

The  observations  for  zenith  distances  began  on  the  28th  of 
March,  and  were  continued  to  the  2l8t  of  Apnl,  a  sufficient  num- 
ber having  then  been  made  for  settling  the  question  of  the  ampli- 
tude, fieifore  leaving  the  station  plans  were  made  of  the  place,  and 
of  the  foundations  which  had  been  discovered  by  Lieutenant  Williams 
and  the  sappers ;  a  base-line  was  measured,  and  the  nature  of  the 
country  to  the  north  of  the  station  examined.  It  was  on  the  6th  of 
April  that  the  foundation  was  discovered,  whose  dimenaions  cor- 
respond in  some  measure  to  the  description  given  by  Lacaille  in  his 
Journal  of  the  granary  he  had  occupied.  The  sector  having  been 
taken  down,  and  a  bottle  containing  an  inscription  deposited  in  a 
hollow  chiseled  into  the  solid  rock  about  three  feet  below  the 
surface,  to  mark  the  spot  over  which  it  had  been  erected,  the  party 
quitted  Klyp  Fonteyn  on  the  25th  of  April,  and  arrived  at  the  OIh 
servatory  on  the  1st  of  May. 
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A  cunory  comparison  of  the  observations  having  shown  that 
those  made  at  the  southern  station  did  not  deserve  the  confidence 
required  in  a  work  of  this  kind,  where  the  length  of  a  few  feet  is  a 
quantity  of  importance,  and  experience  having  proved  that  good  ob- 
servations could  not  be  obtained  under  a  tent  in  Mrs.  De  Witt's  yard, 
it  was  resolved  to  look  out  for  some  solid  building  close  to  the  sta- 
tion, where  the  sector  could  have  fair  play.  Mr.  Maclear  fixed  upon 
the  Raggebay  Guardhouse,  and  the  necessary  permission  having  been 
obtained,  a  hole  was  made  in  the  roof,  the  floor  taken  up  and  sunk 
to  the  requisite  depth,  and  the  sector  erected  on  the  7th  of  May, 
one  week  after  the  return  of  the  party  from  Klyp  Fonteyn. 

From  the  state  of  the  weather,  no  observations  could  be  obtained 
until  the  12th,  and  frequent  interruptions  afterwards  occurred  from 
the  same  cause ;  so  that  six  weeks  were  expended  on  a  a  work 
which,i  n  favourable  weather,  might  have  been  accomplished  in  two. 

The  sector  was  dismounted  on  the  dOth  of  June,  and  carried 
back  to  the  Observatory,  where  it  was  again  set  up  in  the  sector- 
room  on  the  2nd  of  July.  On  examination,  it  was  found  to  be  as 
perfect  as  when  first  received,  without  the  slightest  mark  of  injury. 

The  author  next  proceeds  to  give  the  reduction  of  the  observa- 
tions. The  barometers  employed  at  Klyp  Fonteyn  were  made  by 
Mr.  Thomas  Jones,  and  from  a  comparison  of  their  results  with  the 
Journal  kept  at  the  Royal  Observatory,  it  appears  that  the  station 
at  Klyp  Fonte3rn  is  485  feet  above  the  mean  level  of  the  sea*.  The 
station  in  the  Guardhouse  is  close  to  the  sea  beach ;  the  feet  of 
the  sector  tripod  could  not  be  more  than  two  or  three  feet  above 
higfa*water  mark.  The  chronometer  employed  at  both  stations 
was  by  Arnold,  and  beats  half-seconds.  Its  performance  at  Klyp 
Fonteyn  was  good ;  at  the  Gruardhouse,  the  reverse.  At  the  former 
place,  its  rate  was  actually  obtained  by  altitudes  near  the  prime 
vertical ;  in  Cape  Town,  by  means  of  journeymen  pocket-chrono- 
meters, carried  to  and  from  the  transit-clock  at  the  Observatory. 

The  collimation  of  the  middle  wire  was  deducted  from  the  suc- 
cessive transits  of  stars  in  the  alternate  position  of  the  limb,  east 
and  west. 

The  corrections  for  aberration,  precessions,  and  nutation  were 
calculated  by  means  of  the  constant  in  the  Royal  Astronomical 
Society's  Catalogue,  recomputed  for  1838. 

The  number  of  stars  observed  was  40 ;  of  which  20  were  to  the 
north,  and  20  to  the  south  of  the  zenith  at  the  Cape.  The  number 
of  observations  at  Klyp  Fonteyn  is  464,  and  at  the  Guardhouse  669 ; 
in  all,  1133.  It  may  therefore  be  supposed  that  errors  of  observa- 
tion are  reduced  to  nothing. 

The  final  results  are  deduced  as  follows : — ^The  amplitude  being 
found  from  the  mean  of  the  reduced  zenith  distances  of  each  star 
observed  at  both  stations,  and  each  result  having  a  weight  assigned 
to  it  equal  to  the  product  obtained  by  multiplying  the  least  number 

*  In  the  former  communication  the  height  of  the  station  \a  stated  to  be 
nearly  400  feet—Monthly  Notices*  vol.  iv.  p.  194.  [Phil.  Mag.  S.  3,  vol. 
»v.  p.  6«8.] 
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of  observations  of  the  star  in  question  at  one  station,  and  in  one 
position  of  the  sector,  into  the  least  number  for  the  same  star  at  the 
other  station,  the  resulting  mean  amplitude  from  the  stars  north  of 
the  zenith  is  1^  13'  1"-173,  and  from  the  stars  south  of  the  zenith, 
P13'14"-961. 

By  assigning  to  the  amplitude  found  from  each  star  a  weight 
equal  to  the  quotient  of  the  square  of  the  number  of  observations 
of  the  star  by  twice  the  sum  of  the  squares  of  the  errors  at  both 
stations,  the  group  to  the  north  of  the  zenith  gives  1°  IS'  14"*  173. 
and  the  group  to  the  south  1^  13'  14"-953.  The  results  of  the 
two  methods  of  computation  may  be  regarded  as  identical ;  and  the 
stars  north  of  the  zenith  give  the  amplitude  less  by  0''*78  than  the 
stars  south  of  the  zenith. 

It  is  not  easy  to  assign  the  cause  of  this  discrepancy.  Mr. 
Maclear  inclines  to  ascribe  it  to  the  probable  expansion  of  the  tube 
at  Klyp  Fonteyn  from  the  high  temperature.  While  the  observa* 
tions  were  made  the  thermometer  was  sometimes  as  high  as  93^, 
while  at  the  Guardhouse  the  range  was  between  57**  and  63°. 
Lacaille  {M^  deVAcad»  1752)  states  that  his  southern  group  of 
stars  gave  the  amplitude  greater  by  O'^'S  than  the  northern.  This 
near  coincidence  with  Mr.  Maclear's  result  is  remarkable. 

If  the  expansion  of  the  tube  be  the  cause  of  the  discrepancy,  the 
mean  between  the  north  and  south  groups  is  as  correct  as  if  no  ex- 
pansion took  place.  This  mean  is  1°  13'  14''*56,  with  a  probable 
error  not  exceeding  0"'03. 

The  axis  of  the  sector  on  the  corn-floor  at  Klyp  Fontejrn  was 
216  feet  (reduced  to  the  meridian)  south  of  the  centre  of  the  founda- 
tion discovered  on  the  6th  of  April,  and  supposed  to  be  Lacaille's 
sector  station.  The  axis  of  the  sector  in  the  Ghiardhouse  was  45 
feet  on  the  meridian  north  of  Lacaille's  sector  station  in  Mrs.  De 
Witt's  vard.  Now  261  feet  =  2"-56 ;  which  added  to  1^  13'  14^-oG 
gives  1°  13'  17"' 12  for  the  amplitude  of  Lacaille's  arc.  Lacaille's 
value  is  1^  13'  17"'33*. 

The  author  remarks,  in  conclusion,  "  that  although  this  work 
does  not  clear  up  the  anomaly  of  Lacaille's  arc,  it  redounds  to  the 
credit  of  that  justly  distinguished  asti'onomer,  that,  with  his  means, 
and  in  his  day,  his  result  from  15  stars  is  almost  identical  with 
that  from  1133  observations  on  40  stars,  made  with  a  powerful  and 
celebrated  instrument.  Our  field  of  inquiry  is  now  limited  to  the 
terrestrial  measure,  which  every  friend  to  science  must  wish  to  see 
undertaken  without  delay,  as  a  portion  of  a  greater  arc  to  extend  so 
far  as  to  neutralise  local  attractions,  and  leave  no  doubt  upon  the 
true  curvature  of  this  portion  of  the  southern  hemisphere." 

Tlie  Longitude  of  Madras,  computed  from  Moon-culminating 
Observations.     By  Edward  Riddle,  Esq. 

Mr.  Riddle  having  undertaken,  at  the  request  of  Mr.  Baily,  to 
compute  the  longitude  of  the  Madi*as  Observatory  from  a  mass  of 

•  In  the  Fundamenta  ylstronomia  (page  184),  Lacaille  states  that  the 
amplitude  deduced  from  the  observations  corrected  for  errors  subsequently 
discovered  in  the  divisions  of  the  sector,  and  recomputed,  is  1^  IS'  17"'5« 
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corresponding  moon-culminating  observations  made  there  and  at 
Greenwich,  Cambridge,  and  Edinburgh,  in  1834,  5,  6,  and  7 — ob- 
servations  which  have  not  before  been  used  for  the  purpose, — has 
availed  himself  of  the  occasion  to  enter  at  considerable  length  into 
the  practical  details  of  the  method  of  computing  the  longitude ;  and 
has  given  all  the  requisite  formulae,  with  examples  of  their  applica- 
tion from  the  observations  under  discussion. 

The  general  result  of  the  computations,  of  which  a  further  ac- 
count appears  in  the  Monthly  Notices  for  April,  is  that  the  longi- 
tude  of  Madras  from  Qreenwich  is, 

h     m     • 

5  20  54*9  by  54  observations  at  Greenwich  and  Madras 
58*9  . .  56     „         „  Cambridge  and  Madras 

58*0  ..  65     „         „  Edinburgh  and  Madras. 

Ephemeris  and  Elements  of  the  third  Comet  discovered  by  Galle. 
By  Mr.  Rumker,  Superintendent  of  the  Observatory  at  Hamburg. 
Communicated  by  Dr.  Lee. 

Approximate  elements  of  the  same  comet  have  been  received 
from  Professor  Schumacher. 

It  has  been  remarked  that  these  elements  resemble  those  of  a 
comet  observed  in  China  in  1097,  and  computed  by  Burckhardt ;  and 
of  one  which  appeared  in  1468,  of  which  observations  are  recorded 
by  Pingr^.  Supposing  the  three  appearances  to  have  been  of  the 
same  comet,  the  periodic  time  is  thus  about  371  years. 

On  the  Present  State  of  our  Knowledge  of  the  Paralla](  of  the 
Fixed  Stars.    By  the  Rev.  R.  Main. 

This  paper  was  in  part  read. 

May  8. — Among  the  presents  announced  at  this  meeting,  was 
a  7-feet  Newtonian  Reflecting  Telescope,  the  work  of  the  late  Sir 
^William  Herschel,  and  presented  by  him  to  his  sister.  Miss  Caroline 
Herschel ;  in  whose  name,  and  that  of  the  President,  it  was  now 
presented  J;o  the  Society. 

The  reading  of  Mr.  Main's  paper  on  the  Present  State  of  our 
Knowledge  of  the  Parallax  of  the  Fixed  Stars,  was  resumed  and 
concluded. 

Thb  memoir  was  read  to  the  CouncR  of  the  Society  at  their 
meeting  in  January  of  the  present  year ;  the  object  of  it  being  a 
review  of  the  parallax  of  the  Cygni,  recently  obtained  by  Professor 
Bessel.  In  presenting  it  as  a  memoir,  to  be  read  before  the  Society, 
the  author  determined  to  allow  it  to  remain  in  its  original  form  of 
a  report  addressed  to  the  Council ;  feeling  that,  if  it  were  given  in 
any  other  shape,  his  discussion  of  the  results  of  eminent  contem- 
poraneous astronomers  on  the  subject  of  annual  parallax  might 
seem  presumptuous.  He  recommends  to  the  notice  of  astronomers 
a  very  complete  historical  summary  of  astronomy,  as  connected 
^th  this  subject,  by  Fockins  (which  work  was  printed  at  Leyden 
in  1835),  entitled  Commentatio  Astronomica  de  Annuali  Stellarum 
Parallaxi,  which,  he  remarks,  very  materially  assisted  liim  in  the 
prosecution  of  the  historical  part  of  his  work.  The  author  proposes 
the  following  divisions  of  his  report : — 
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1 .  Abstracts  of  theoretical  papers  which  have  appeared  on  the 
subject  of  annual  parallax. 

2.  A  statement  of  the  results  of  observations  which  have  been 
made  since  the  time  of  Bradley  for  the  purpose  of  detecting  par- 
allax. 

3.  A  review  of  the  results  of  contemporaneous  astronomen  on 
this  subject. 

4.  A  discussion  of  Bessel's  observations  and  results. 

Under  the  first  division,  he  gives  abstracts  of  the  foUowing 
papers : — 

A  Memoir  by  Clairaut. — M6moires  de  T Academic,  1739,  p«  358. 

A  Memoir  by  Sir  W.  Herschel.— PhU.  Trans.  1782,  Ixxu.  P.  I. 
p.  82. 

A  Memoir  by  Schubert. — ^Berliner  Astronomisches  Jahrbuch, 
1796,  p.  113. 

A  Memoir  by  Sir  J.  Herschel  on  the  Detection  of  ParaUaic  bj 
the  Variation  of  the  Angle  of  Position  of  Double  Stars* — PhiL 
Trans,  1826,  P.  II.  p.  266  ;  and  1827,  P.  I.  p.  126. 

A  Memoir  by  Struve,  forming  one  of  the  introductory  chapten 
to  his  large  work  on  double  stars. 

A  discussion  by  Bessel  of  Bradley's  Observations  of  Right  Aacen* 
sions  of  Stars  differing  by  nearly  1 2^. — Fundamenta  Astronomic, 
Introduction. 

Under  the  second  head  he  gives,  briefly,  the  results  obtained  by 
Piazzi,  Calendrelli,  Brinkley,  Pond,  Bessel,  and  Struve,  referring  to 
the  following  works : 

For  Piazzi  and  Calendrelli : — 

Memoirs  of  the  Italian  Society,  vol.  xii. 

Calendrelli's  Opusculi  Astronomichi,  vol.  for  1806. 

Zach's  Monthly  Correspondence,  vols,  xviii.  and  xix. 

For  Brinkley  and  Pond  : — 

PhiL  Trans.,  vols,  for  1810;  1817;  1818,  P.  II.;  1821.  P.  II.; 
1823,  P.  I. ;  1824,  P.  I.  and  II. 

Memoirs  of  the  Astronomical  Society,  vol.  i.  P.  II. 

Transactions  of  the  Royal  Irish  Academy  for  1815,  vol.  xii. 

The  Introduction  to  the  Konigsberg  Observations  for  the  year 
1816. 

The  Dorpat  Observations,  vols,  i.,  ii.,  and  iil. 

Under  the  third  head,  the  following  memoirs  on  the  subject  are 
considered : — 

On  the  Parallax  of  a  Aquike,  by  Mr.  Henry  Taylor,  Astronomer 
to  the  East  India  Company  at  Madras. 

On  the  Parallax  of  a  Lyra,  by  the  Astronomer  Royal. — Mem. 
Ast.  Socie^,  vol.  x. 

On  the  Parallax  of  a^  and  a^  Centauri,  by  Professor  Henderson, 
Mem.  Ast.  Society,  vol.  xi. 

On  the  Parallatx  of  Sirius,  by  Professor  Henderson*.  Not  yet 
printed  in  the  Society's  Memoirs. 

[*  An  abstract  of  Prof.  Henderson's  paper  will  be  found  in  Phil.  M^ 
Third  Series,  vol.  xvi.  p.  148.] 


Digitized 


by  Google 


Present  State  ofKncniedge  of  the  Paraliax  of  the  Stars.  599 

Of  these  memoin*  it  is  sufficient  to  say  that  Mr.  Hendersod's 
parallax  of  a  Ceniauri  is  discussed  at  some  length ;  and  the  result 
is,  that  there  seems  a  strong  probability  of  a  sensible  parallax  in 
this  remarkable  star,  which  is  strongly  recommended  to  the  atten- 
tion of  southern  astronomers. 

lAstly,  in  discussing  Bessel's  parallax  of  61  Cygni,  the  author 
proceeds  as  follows  "^ : — 

That  the  indication  of  a  parallax  in  the  agreement  between  the 
fourth  and  fifth  columns  of  the  preceding  tables  may  be  rendered 
more  evident,  a  graphical  projection  of  them  is  added.  The  time 
being  set  off  by  proportional  spaces  on  the  line  of  the  abscissae,  in- 
clined lines  are  drawn  through  the  origin  (Jan.  1,  1838),  whose 
ordinates  represent  the  effects  of  Bessel's  correction  of  the  proper 
motion  with  contrary  signs.  From  these  lines  the  above  differences 
are  set  off  in  the  direction  of  ordinates  to  the  abscissa.  The  curve, 
therefore,  which  passes  through  the  extremities  of  these  ordinates, 
represents  the  periodical  effect  of  parallax;  and  accompanying 
curves  being  given,  exhibiting  the  true  effect  of  Bessel's  assumed 
value  of  the  constant,  the  agreement  between  the  two  is  shown  to 
be  most  complete.  In  the  case  of  measures  of  distance  from  star 
(a),  the  maximum  and  minimum  and  vanishing  ordinates  of  the 
curve  are  shown  with  almost  as  much  regularity  by  the  observed 
differences  as  by  the  assumed  parallax ;  and  in  the  second  case, 
though  the  agreement  is  not  so  close,  yet  the  general  law  of  the 
curve  of  sines  is  well  preserved. 

In  arguing  on  the  evidence  afforded  by  the  foregoing  tables  and 
graphical  illustrations,  the  author  concludes,  not  only  that  a  real 
parallax  has  been  detected,  bui  that  its  amount  is  very  approxi- 
mately given  in  Bessel's  investigation,  who  is  enabled,  by  repeating 
the  same  process,  to  diminish  at  pleasure  the  residual  errors  of  the 
determination.  This  feature  separates  completely  this  from  all 
former  attempts,  in  some  few  of  which  an  amount,  rather  greater 
than  the  limiting  probable  errors,  would  seem  to  announce  a  paral- 
lax, of  which  the  evidence  is  yet  so  slight  as  to  leave  the  mind  quite 
unsatisfied  of  its  existence ;  while  the  uncertainty  of  its  amount 
(supposing  its  existence  to  be  proved)  prevents  its  application  to 
ulterior  objects  in  sidereal  astronomy. 

To  the  memoir  are  annexed  two  appendices,  the  first  of  which 
contains  the  investigation  of  formulee  for  computing  the  coefficients 
of  the  constant  of  parallax  in  the  two  cases ;  and  also  for  finding 
the  variation  in  the  angle  of  position  of  two  stars  very  near  each 
other,  one  of  which  is  affected  by  parallax. 

The  second  contains  a  translation  of  the  most  important  parts 
of  Bessel's  description  of  his  Heliometer,  from  the  Astronamische 
Naehrichten,  vol.  viii.  No.  189. 

An  extract  was  read  from  a  letter  from  Professor  Bessel  to  the 
President,  stating  that  the  observation  on  61  Cygni  had  been  con- 

•  Bessel's  letter  is  contaioed  in  vol.  iv.  No.  l?*  of  the  Notices  of  the 
Astronomical  Society  [and  in  Phil.  Mag.,  Third  Qaiet,  vol.  xiv.  p.  68.]. 
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tinued  through  the  last  year  to  the  end  of  March  1840,  and  that 
the  most  probable  values  of  the  parallax  resulting  from  the  measured 
distances  of  the  double  star  from  each  of  the  two  stars  of  compari- 
son, (a)  and  (6),  are  as  follows  :•— 

188  obs.  61-fl 0"-3584-0"-0756it;  weight,  64-66 

214    ..    61  -  ft....  0  -3289-0  -0276  it;       ...      78-89 

(k  being  a  small  indeterminate  correction  depending  on  the  eflRects 
of  temperature  on  the  micrometer-screw). 

The  sums  of  the  squares  of  the  errors  cannot,  on  the  supposition 
of  a  vanishing  yearly  parallax,  be  made  less  than  — 

61 -a.'. .  12-7282-3-2445  A-f  0*6330  A:* 
61 -ft...  15-6507-1-6094  A+1-7029A«; 

but  on  assuming  the  annual  parallax  to  have  the  value  before  as- 
signed to  it,  they  become  — 

61 -a..  4-4245+0-2579*  0-2627ifc«=4-3614 +0-2637  (*+0-489)« 
61-ft..7-1171-0-1768*+l-6426*«=7-1123+l-6426(ife-O-O-54)« 

On  deducing  the  value  of  k  from  the  observations,  those  of  the 
first  star  give,  therefore,  k  =  —  0-489 ;  and  those  of  the  second 
k  =  0054.  M.  Bessel  shows  that  the  last  of  these  values  is  more 
deserving  of  confidence  than  the  first ;  nevertheless,  the  true  value 
of  the  correction  is  still  very  doubtful,  and  it  is  accordingly  left  in- 
determinate. 

Assuming  the  relative  parallax  of  (a)  and  (ft)  to  be  equal,  and 
having  due  regard  to  the  mean  error  of  both  results,  the  most  pro- 
bable value  of  the  annual  parallax  is  found 

0"-3483-0"-0533  k 
and  its  mean  error      +0  -0141. 

This  result  is  greater  by  0'''0d47  than  was  found  from  the  first 
series  of  observations. 

Assuming  A;=0,  it  results  from  this  determination,  that  the  distance 
of  the  star  61  Cygni  from  the  sun  is  592,200  times  the  mean  radius 
of  the  earth's  orbit — a  distance  which  light  would  require  9^  years 
to  pass  through. 

He  divides  the  two  sets  of  observations  of  the  distance  of  61  Cygni 
from  the  comparison  stars  (a)  and  (ft),  into  separate  groups,  monthly 
and  half-monthly,  and  takes  the  mean  of  the  measures  in  each 
group  as  corresponding  to  the  mean  of  the  days  in  that  group. 
These  means  are  compared  with  Bessel's  mean  distances,  which  he 
has  derived  from  the  solution  of  his  equations,  and  the  differences 
tabulated.  The  effect  of  Bessel's  assumed  parallax  is  then  com- 
puted for  each  mean  day,  and  the  resulting  numbers  placed  in  an 
adjacent  column.  The  agreement  between  the  computed  effect  of 
parallax  and  the  above-mentioned  differences  is  remarkably  close, 
especially  for  the  measures  of  distance  of  the  star  (a),  in  which  the 
solution  of  the  equations  shows  the  error  of  the  assumed  proper 
motion  to  be  very  small  indeed. 

The  following  are  the  tabulated  monthly  groups : — 


Digitized 


by  Google 


Present  Stale  ofKtKmletfge  of  the  Parallax  of  the  Stars.  601 
Results  from  the  Measures  of  Distances  of  61  Cygnifrom  Star  (a). 


Mean  day. 

MMaofeach 
group. 

Bessel's  mean 
distance. 

DiflbRnces. 

Eiftetofapar. 
allax  of  (yz-a®. 

1837. 
August. ...  23. 

461-406 

46i'-609 

+0-197 

+0.212 

September  14. 

•709 

-f  •lOO 

+  .J  00 

October  ..12. 

•649 

-f  -040 

-    057 

November  22. 

•395 

-  -214 

-  -258 

December  21. 

.287 

-    322 

-  -317 

1838. 

January  ..14. 

•233 

-  -376 

-  -318 

February      5. 

•386 

~  .223 

-  -264 

May 14. 

•854 

+  ^245 

+  -238 

June 19. 

•969 

+    360 

+  -332 

July 13. 

•825 

+  -216 

+  .332 

August....  19. 

•760 

4-  -151 

+  -227 

September  19. 

•649 

+0040 

+0-073 

Results  from  the  Measures 

of  Star  (b) 

. 

Mean  day. 

Mean  of  each 
group. 

BeMel'c  mean 
dUtanoea. 

DUIbrencet. 

Effbct  of  a  par. 
allax  of  (K-aSl. 

1837. 
August....  22. 

706'604 

706.291 

48-213 

+8-133 

September  15. 

•479 

+  -188 

+  ^196 

October..  12. 

•419 

+  -128 

+  .227 

November  22. 

•186 

—  -105 

+  -187 

December  20. 

•283 

-  ^008 

+  .100 

1838. 

January  ..11. 

•177 

-  -114 

+  -014 

February..  9. 

•084 

-  -207 

-  .100 

MaKh....l2. 

705900 

-  -391 

-  .196 

May: 13. 

706-206 

-  -985 

-  -209 

June 20. 

'414 

+  -123 

—  -102 

July 21. 

-446 

-  ^155 

+  -016 

August    ..22. 

•588 

+  -297 

+    133 

September   5. 

•498 

+  -207 

+  -175 

22. 

•712 

+0-421 

+  0-212 

June  12. — The  following  papers  were  read  ,-.— 

Continuation  of  the  Investigation  for  the  correction  of  the  Ele- 
ments of  the  Orbit  of  Venus.  By  Mr.  Glashier,  of  the  Royal  Ob- 
servatory, Grreenwich. 

This  paper  is  a  continuation  of  Mr.  Main's  investigations,  com- 
municated to  the  Society  in  June  1837  and  April  1838,  and  printed 
in  vols.  X.  and  xi.  of  the  Memoirs.  Mr.  Main  corrected  the  orbit 
from  Mr.  Airy's  observations  of  1833-36.  Mr.  Glashier  recom- 
puted the  observations  of  1 836  (for  errors  of  assumed  semi-diame- 
ter), and  computed  the  observations  of  1837  and  1838,  and  gives 
corrections  of  the  elements  of  the  orbit  for  all  the  years :  then, 
substituting  the  observations,  he  deduces  the  residual  errors  (as 
compared  with  lindenau's  tables),  which  he  finds  not  eo  small  as 
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might  have  been  expected  from  so  fine  a  series  of  observaidons. 
The  author,  however,  feels  confident  that  the  results  are  correctiy 
derived,  from  the  pains  taken  to  ensure  accuracy :  and  the  whde 
is  given  in  a  detailed  shape,  in  order  that  any  suspected  error  may 
be  more  readily  detected. 

An  Account  of  some  Experiments  made  with  an  Invariable  Pen- 
dulum, at  the  Cape  of  Gk)od  Hope.     By  T.  Maclear,  Bsq. 

When  Mr.  Maclear  was  appointed  Astronomer  at  the  Cape  of 
Good  Hope,  he  was  desirous  of  repeating  the  experiments  there 
with  an  invariable  pendulum ;  but  it  was  some  time  before  he  had 
sufficient  leisure  to  prosecute  this  measure.  The  pendulum  had 
been  previously  swung  in  London  by  Mr.  Baily,  and  also  after  its 
return  to  this  country.  The  method  of  proceeding  in  such  cases  is 
so  similar,  and  has  b^en  so  often  described,  that  it  is  unnecessary 
to  enter  further  on  that  part  of  the  subject.  The  result  of  these 
experiments  shows,  that,  on  the  assumption  that  the  pendulum 
made  86400  vibrations  in  London,  in  a  mean  solar  day,  at  the  tem- 
perature of  62^  in  vacuo,  and  at  the  mean  level  of  the  sea,  it  made 
only  86332*92  vibrations,  under  the  same  circumstances,  at  the 
Cape  of  Oood  Hope;  which  is  almost  identical  with  the  experi- 
ments of  Mr.  Fellows,  and  differing  very  little  from  the  experiments 
of  Captain  Foster  and  Freycinet.  A  new  pendulum,  consisting  of 
a  thick  brass  bar,  without  any  bob,  and  furnished  with  four  fcaife 
edges,  is  about  to  be  forwarded  to  Mr.  Maclear,  which  he  proposes 
to  swing  at  the  principal  stations  of  the  triangulation  that  is  now 
carrying  on  in  tiiat  colony. 

An  Account  of  some  Experiments  made  with  three  Invariable 
Pendulums,  by  Lieut.  Murphy,  R.E.,  during  the  late  Expedition 
down  the  Euphrates.     By  Mr.  Baily. 

When  Colonel  Chesney  undertook  the  expedition  down  the  Eu- 
phrates, three  invariable  pendulums  were  placed  under  his  care,  for 
the  purpose  of  their  being  swung  at  positions  more  inland  than  had 
been  hitherto  practised.  Two  of  these  pendulums  (iron  and  copper) 
belonged  to  this  Society,  and  the  other  (brass)  to  the  Admiralty ; 
and  they  are  the  same  tliat  were  taken  out  by  the  late  lamented 
Captain  Foster.  They  had  been  previously  swung  in  this  country, 
before  the  expedition  just  mentioned^  by  Mr.  Baily,  and  also  subse- 
quent thereto.  Only  two  places  presented  favourable  opportunities 
for  swinging  these  pendulums  during  the  expedition :  tiie  first,  at 
Port  William,  near  Bir,  on  the  Euphrates ;  and  the  other,  at  Busaora. 
The  experiments  were  made  by  Lieutenant  Murphy,  and  were  con- 
ducted with  his  usual  caution  and  ability :  the  details  are  recorded 
in  printed  skeleton  forms,  with  which  he  was  furnished  previous  to 
his  departure ;  but  none  of  the  computations  were  made  till  after 
Lieutenant  Murphy's  decease.  The  reductions  have  since  been 
made  by  Mr.  Baily,  on  the  same  data  as  those  already  mentioned  in 
the  seventeenth  volume  of  the  Memoirs  of  this  Society.  On  the  as- 
sumption that  each  of  these  pendulums  made  86400  vibrations  in  a 
mean  solar  day  in  London,  at  the  temperature  of  62^  in  vacuo,  and 
at  the  mean  level  of  the  sea,  it  is  found  that  they  respectively  i 
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the  following  number  of  vibrationfl  at  the  two  stations  above-men- 
tioned»  viz. 


Pendulums. 

Port  WUliam. 

Bussora. 

Brass 

Copper 

Iron •  • 

86340-66 
86341-30 
86338-96 

86318-98 
86317-26 
86317-66 

Mean  = 

86340*31 

86318-26 

The  Elements  of  the  Annular  Eclipse  of  the  Sun  that  will  happen 
on  October  8,  1847.     By  Mr.  G^rge  Innes. 

These  elements  have  been  deduced  from  Carlini's  "  Solar  Tables" 
(1832)»  and  Burckhardt's  <<  Lunar  TabW  (1812).  The  time  of 
apparent  conjunction  in  right  ascension  at  Greenwich  will  be  Oct. 
^  19^  28"  36**^93;  at  which  time  the  sun's  apparent  semidia- 
meter  will  be  16'  2"- 5 29,  and  the  moon's  augmented  semidiameter, 
14'43"-968; 


OrMQwich 
mean  time. 


SuD*c  right 


True  right 
•accniion. 


Declination 


Eouatkm 
of  time. 


18  faoun    

19  do 

20  do < 

21  do.     

21*  6»  37*^55. 
22houn  


195  19  31-390 
195  21  59-783 
195  24  28-183 
195  26  56-616 
195  27  13*036 
195  29  25-054 


194  6  41-844 
194  8  59-511 
194  U  17-180 
194  13  34-914 
194  13  40125 
194  15  52-614 


62  20(^3 
62  17-975 

64  15-247 

65  12*525 

65  18-861 

66  9-797 


12  29-507 
1230-245 
12  30^30 
12  31-697 
12  31-670 
12  32*271 


\h  2-512 
16  2524 
16  3-536 
16  2-546 
16  2-549 
16  2-566 


Green  wiGh 


Moon*B  true 
longitude. 


LODgttude 
north. 


Equatorial 
horlxontal 
parallax. 


Horiaontal 
lemidia. 


True  right 
aiceniion  in  arc. 


Declination 
louth. 


18  houra  ...... 

19  do 

20  do 

21  do 

21»»6"37'755, 

22  hours  .... 


1§3  54  36-843 
1942459-76825 

194  54  28-771 
1952357-79030 
19527  13-03631 

195  54  26-993 


2249-6415354-130 
32-8335354197 

28  16-44653  54*214 
59-75153  54-325 
17-610,53  54-326 

:i:i  42-861 53  54-409 


14  41-300  192  57  44323 
14  41-316193  26  45-339 
14  41-320,193  64  27-307 
1441-3511942250127 
1441-3511942555-127 
14  41-428  194  51  13-894 


i  47-322 
17  42*208 
26  35-565 
35  27-710 
40  34*132 
44  18-646 


Obliquity  of  the  Ecliptic 23  27  2*514 

Sun's  semi-diameter 16  2*529 

-'^-— horizontal  parallax   ...  8*5925 

■      latitude +  0-179 


On  the  Comparison  of  the  Neapolitan  Standard  Yard  with  the 
Standard  Yard  of  this  Society.     By  Mr.  Simms. 

The  Neapolitan  Government  having  directed  Mr.  Simms  to  con- 
struct a  new  standard  scale,  on  a  principle  similar  to  that  which 
was  made  for  this  Society,  the  object  of  the  present  communication 
was  to  place  on  record  the  residts  of  the  comparisons  that  were 
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made  with  the  centre  yards  of  each  scale.  It  appears  that  215 
comparisons  were  made  on  nine  several  days  by  three  different  per- 
sons ;  and  the  mean  of  the  whole  showed  that  the  centre  yaixl  of 
the  Neapolitan  scale  was  longer  than  the  standard  yard  of  the  So- 
ciety's scale,  by  '002680  of  an  inch :  the  greatest  differences  from 
the  mean  being  +*000520  and  ~ '000365  of  an  inch.  This  new 
scale  is  marked  No.  6 ;  it  being  the  sixth  scale  of  this  cons  traction 
that  has  been  made. 

On  the  Difference  of  Longitude  between  the  Observatories  of 
Madras  and  the  Cape  of  Good  Hope,  deduced  from  Moon-culmina- 
ting stars.     By  T.  Maclear,  Esq. 

The  observations  extend  from  February  19,  1834,  to  October  I0» 
1837,  both  inclusive,  and  contain  all  the  corresponding  observations 
within  that  period,  except  two  whiish  appear  to  be  erroneous ;  and 
amount  to  seventy  in  number.  Of  these,  only  three  were  of  the 
second  limb.  The  result  of  the  whole  shows  that  the  difference  of 
longitude  is  4**  7"*  1»*56,  with  a  probable  error  of  ±  0»*53. 


LXXXII.    Intelligence  and  Miscellaneous  Articles. 

ON  THE  LIMIT  TO  THE  ACTION  OF  CERTAIN  CHEMICAL  REAGEKTS. 

MP.  HARTING  having  examined  the  action  of  certain  chemi- 
•  cal  reagents,  has  given  the  following  statement  as  the  result. 
1.  The  sensibility  of  starch  as  a  reagent  for  iodipie. 
Iodide  of  potassium  slightly  acidulated  with  nitro-muriatic  acid, 
tested  by  a  diluted  solution  of  starch,  gave  the  following  results. 

1.  Containing  l-500dth  iodine  gave  a  black  precipitate,  the  upper 
surface  was  brownish  yellow. 

2.  Containing  1-lOOOdth  iodine  gave  nearly  the  same  colour. 

3.  Containing  l-2000dth  iodine  gave  the  precipitate  the  same 
colour,  but  the  solution  slightly  coloured. 

4.  Containing  l-3000dth  iodine,  precipitate  bluish  black,  the  so- 
lution nearly  clear. 

5  and  6.  Contaming  l-4000dth  to'  l-5000dth  iodine,  precipitate 
bluish  black,  the  solution  quite  clear. 

7  to  11.  Containing  1.10,000dth  to  1.40,000dth  iodine,  very  dark 
blue. 

12  and  13.  Containing  1.50,000dth  to  1.60,000dth  iodine,  blue 
with  a  shade  of  violet. 

14  and  15.  Containing  l-80,000dth  to  l-100,000dth  iodine,  the 
upper  stratum  violet  blue,  the  under  stratum  violet. 

16.  Containing  l-120,000dth  iodine,  the  upper  stratum  violet, 
the  under  stratum  rose-colour. 

17.  Containing  l-150,000dth  iodine,  the  whole  precipitate  rose- 
colour,  with  a  shade  of  violet. 

18  and  19.  Containing  1.200,000dth  to  l-250,000dth  iodine, 
rose-colour,  the  upper  surface  only  with  a  slight  shade  of  violet. 

20  to  22.  Containing  l-300,000dth  to  l-400,000dth  iodine,  the 
whole  precipitate  of  a  rose-colour. 
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23  to  25.  Containing  l-450,000dth  to  1.550,000dth  iodine,  the 
upper  stratum  of  the  precipitate  was  slightly  rose-colour,  the  under 
stratum  was  white. 

The  action  took  place  immediately  on  the  addition  of  the  starch 
as  far  as  No.  19.  The  following  numbers  required  some  period  to 
elapse  first:  it  required  some  hours  in  the  solution  of  l«500»000dth 
to  l-550,000dth  before  any  e£fect  was  produced. 

2.  The  sensibility  of  reagents  on  acids. 

For  sulphuric  acid,  specific  gravity  1*829,  containing  75*83  per 
cent,  real  acid. 

Syrup  of  violets  did  not  detect  less  than  1- 250th  sulphuric  acid 
of  the  above  specific  gravity,  or  1-3 10th  real  acid. 

Paper  stained  by  Brazil  wood  was  acted  upon  by  l-10,000dth, 
or  l-12,500dth  real  acid. 

Paper  stained  by  tincture  of  red  cabbage  was  reddened  by 
l-15,000dth,  or  l-18,750dth  real  acid. 

Paper  stained  by  logwood  was  changed  to  a  golden  yellow  colour 
by  l-50,000dth,  or  1.62,500th  real  acid. 

Paper  stained  by  litmus  was  immediately  reddened  by  l-20,000dth, 
or  1.25,000dthreal  acid,  and  after  some  hours  was  slightly  reddened 
by  l-50,000dth,  or  1.62,500dth  real  acid. 

Carbonate  of  potash  occasioned  a  slight  effervescence  with  1- 
250th,  or  l-310th  real  acid. 

For  phosphoric  acid,  —  Brazil  wood  paper  and  paper  stained 
with  red  cabbage  detected  l-10,000dth  of  anhydrous  phosphoric 
acid. 

Litmus  paper  was  immediately  reddened  by  l-10,000dth,  and 
after  some  hours  by  l-30,000dth  phosphoric  acid. 

Peculiar  reagents  for  various  acids. 

For  free  sulphuric  acid. — A  concentrated  solution  of  chloride  of 
calcium  occasioned  a  precipitate,  after  some  hours,  in  a  solution 
containing  1-3 10th  of  real  sulphuric  acid. 

A  solution  of  acetate  of  lead  gave  a  precipitate  with  l-50,000dth 
real  acid. 

A  solution  of  chloride  of  barium  gave  a  precipitate  with 
1.75,000dth. 

For  combined  sulphuric  acid, — Acetate  of  lead  produced  a  pre- 
cipitate in  a  solution  of  sulphate  of  soda  containing  l-36,000dth 
acid. 

Chloride  of  barium  in  a  solution  of  the  same  salt  containing 
l-45,000dth  acid. 

For  nitric  acid, — By  means  of  hydrochloric  and  gold  leaf  1 -240th 
of  nitric  acid,  spec.  grav.  1*32  was  detected  :  the  gold  leaf  was  dis- 
solved in  24  hours. 

For  phosphoric  acirf.^Acetate  of  lead  produced  an  immediate 
precipitate  with  1.10,000dth  anhydrous  acid,  and  with  l-20,000dth, 
after  remaining  for  half  an  hour. 

Lime  water  produced  exactly  the  same  effect. 

Chloride  of  barium  did  not  occasion  a  precipitate  in  less  than 
1.10,000dth. 
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For  arsenious  acid. — Lime  water  in  excess  produced  a  precipitate 
in  a  solution  containing  l-4000dth  of  this  acid. 

Ammoniacal  solution  of  oxide  of  copper  detected  l«8000dth. 

Sulphate  of  copper  and  ammonia  detected  l-12,000dth. 

The  two  last  reagents  occasioned  precipitates  in  still  more  diluted 
solutions,  but  the  precipitates  did  not  possess  their  characteristic 
green  colour. 

Hydrosulphuric  acid  produced  a  precipitate  in  l-30,000dth. 

Ammonia  nitrate  of  silver  formed  a  yellow  precipitate  with 
l-dO,OOOdth ;  with  a  more  diluted  solution  the  colour  of  tliis  preci- 
pitate was  not  sufficiently  apparent. 

3.  The  sensibility  of  reagents /or  metals  and  their  oxides. 

For  free  alkalies  in  generaL'^Turmerio  paper  detected  the  pre- 
sence of  l-3000dth  caustic  alkali. 

Paper  stained  with  red  cabbage  detected  the  presence  of 
l-7500dth  caustic  alkali. 

Brazil  wood  paper  was  coloured  slightly  violet  with  l-20,00Odth. 

Litmus  paper  reddened  by  acetic  add  was  distinctly  rend^ed  blue 
by  l-80,000dth. 

Hydrate  of  potash  contains  16  per  cent,  of  water,  therefore  the 
quantity  of  real  potash  detected  by  the  above  reagents  was 
1.3600dth.  l-9000dth,  1.24,000dth.  and  l-95,000dth. 

For  potash, — An  alcoholic  solution  of  chloride  of  platinum  ooca-* 
sioned  a  precipitate  in  a  solution  of  nitrate  of  potash  containing 
l-205th  of  this  base;  a  solution  containing  l-200dth  was  not  pre- 
cipitated by  it. 

A  very  concentrated  solution  of  tartaric  acid  produced  a  precipi- 
tate with  1.220th.  but  none  with  1 -230th.  The  sensibility  of  these 
reagents  was  tried  at  a  temperature  of  59°  F. 

For  lime, — Oxalate  of  ammonia  produced  a  cloudiness  after  a  few 
minutes  in  a  solution  of  chloride  of  lime  containing  l-400,000dtfa 
of  lime. 

For  baryta, — Fluo-silicic  acid  produced  a  slight  precipitate  in  a 
solution  of  chloride  of  barium  containing  l-3800dth  of  baryta. 

A  solution  of  sulphate  of  soda  produced  in  half  an  hour  a  cloudi- 
ness in  a  solution  containing  l-71,000dth. 

For  magnesia. — ^A  solution  of  phosphate  of  soda  indicated  in  24 
hours  the  presence  of  l-200,000dth  of  magnesia  in  a  solution  of  sul- 
phate of  magnesia.  This  reagent  must  be  very  concentrated,  and 
a  quantity  equal  to  the  solution  examined,  must  be  added.  These 
conditions  are  absolutely  necessary,  as  otherwise  this  reagent  will 
not  indicate  the  presence  of  even  1-lOOOdth  magnesia  in  solution. 
This  IB  probably  the  reason  that  M.  Roth  fixes  Uie  delicacy  of  this 
reagent  at  1  -4()00dth  of  magnesia. 

A  solution  of  ammonia  produced  after  some  minutes  a  slight  pre- 
cipitate in  a  solution  containing  l-6000dth  of  magnesia. 

For  protoxide  of  iron. — ^Tincture  of  galls  and  a  solution  of  fmo- 
prussiate  of  potash,  acidulated  with  a  few  drops  of  hydrochloric  add, 
indicated  alter  some  minutes  the  presence  of  protoxide  of  iron  in  a 
solution  containing  l-440,000dth  of  crystallized  sulphate  of  iron* 
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For  peroxide  of  iron, — ^Tincture  of  galls  indicated  the  presence  of 
l-300,000dth  of  peroxide  of  iron  in  a  solution  of  sulphate  of  per- 
oxide of  iron  by  rendering  it  of  a  slight  violet  colour. 

A  solution  of  ferroprussiate  of  potash  indicated  the  presence  of 
1.420,000dth  of  the  same  salt. 

For  copper.'^A  solution  of  ammonia  gave  after  several  hours  a 
alight  blue  colour  to  a  solution  of  sulphate  of  copper  containing 
l-9400dth  of  oxide  of  copper. 

A  solution  of  prussiate  of  potash  rendered  the  presence  of 
1.78,0O0dth  of  the  same  salt  visible. 

Polished  iron  showed  the  presence  of  l-125,000dth  of  oxide  of 
copper,  or  l-156,000dth  of  metallic  copper,  if  the,  solution  was 
acidulated  by  a  drop  of  nitric  acid. 

For  lead. — A  piece  of  zinc  precipitated  lead  from  a  solution  of  the 
nitrate  when  l-3000dth  of  oxide  was  present. 

An  excess  of  sulphuric  acid  occasioned  a  precipitate  in  a  solution 
of  the  same  salt  containing  l-20,000dth  oxide. 

A  solution  of  chromate  of  potash  occasioned  a  cloudiness  in  a  so- 
lution containing  l-70,000dth  of  the  same  oxide. 

A  solution  of  hydrosulphuric  acid  blackened  a  solution  containing 
l-350,000dth. 

For  silver. — Chromate  of  lead  produced  a  slight  red  precipitate  in 
a  solution  of  nitrate  of  silver  containing  l-10,000dth  of  oxide. 
No  reaction  took  place  in  a  solution  containing  above  l-20,000dth. 

Arsenite  of  potash  produced  a  decided  yellow  precipitate  with 
1.6000dth  oxide  in  solution,  but  none  with  1.20,000dth. 

Iodide  of  potassium  indioated  the  presence  of  l-4000dth  oxide, 
but  produced  no  action  with  l-30,000dth. 

A  solution  of  hydrosulphuric  acid  precipitated  a  solution  contain- 
ing l-35,000dth  of  oxide. 

Chloride  of  sodium  produces  a  cloudiness  in  a  solution  which  con- 
tained only  U^40,00Odth.-^Estracted  by  E.  F.  Teschemacher from 
the  Joumal/Ur  Praktische  Chemie,  No.  1,  1841. 

ANILIN. 

The  following  are  the  additional  particulars  relative  to  anilin,  re- 
ferred to  in  p.  281 . 

Anilin  is  a  base  which  with  acids  readily  yields  fine  crystaUized 
salts.  When  exposed  to  atmospheric  air,  it  soon  becomes  yellow  and 
eventually  brown,  and  the  same  resinous  body  is  formed  which  is 
separated  from  it  by  distillation.  It  must  therefore  be  preserved 
out  of  the  contact  of  air,  and  to  prevent  its  action  should  be  quickly 
distilled.  Anilin  may  contain  a  little  water,  from  which  it  is  freed 
by  distillation,  takiog  care,  when  a  third  of  it  has  been  distilled,  to 
change  the  receiver ;  by  this  method  only  it  is  obtained  perfectly 
anhydrous.  Boiling  anilin  dissolves  sulphur  and  iodine  in  large 
quantity,  and  deposits  them  on  cooling,  in  crystals.  Nitric  acid, 
under  certain  circumstances,  eonverts  anilin  into  a  blue  or  green 
body,  which  does  not  appear  to  be  indigo  ;  this  substance  has,  how- 
ever, been  hitherto  obtained  only  uncertainly  and  in  small  quantity, 
as  it  undergoes  fresh  decomposition  by  the  nitric  acid.    Chromic 
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acid  produces  in  solutions  of  anilin  a  precipitate  which  is  sometimes 
of  a  deep  green  colour,  and  at  others  of  a  blackish  blue :  this  acid 
appears  to  be  a  good  reagent  for  anilin,  since  it  is  readily  produced 
even  in  weak  solutions ;  when  the  precipitate  is  obtained  from  con- 
centrated solutions  it  leaves  a  considerable  quantity  of  oxide  of 
chromium  when  calcined.  Oxymanganate  of  potash  and  the  salts  of 
anilin  suffer  mutual  decomposition,  brown  oxide  of  manganese  being 
deposited.     Anilin  yielded  by  analysis. 

Hydrogen 7'64 

Carbon 78-21 

Azote 14'83 

Hydrochlorate  of  anilin  is  obtained  by  direct  combination  and 
crystallization  ;  it  is  very  soluble  in  water.     It  consists  of 

Hydrochloric  acid 27-81 

Anilin 72-19 lOO'OO. 

Oxalate  of  anilin  is  obtained  by  mixing  a  spirituous  solution  of 
anilin  with  oxalic  acid.  This  salt  is  a  white  powder,  which  is  to 
be  washed  with  alcohol  and  then  dissolved  in  hot  water ;  on  cooling 
fine  crystals  of  the  salt  are  obtained  of  several  lines  in  length.  This 
salt  appeared  to  consist  of 

Oxalic  acid    2fi-92 

Anilin    67*64 

Water    644 lOO-OO. 

L'Institut,  No.  356. 

Notice  by  Prpf.  Dove  respecting  the  Error  in  his  Letter  on  the 
Law  ofStormsy  pointed  out  by  Sir  David  Brewster  atp.5\  4. 
By  some  inadvertence  I  have  confounded  the  notice  of  Reid's 
work  in  the  Edinburgh  Review,  1839,  p.  406,  with  that  in  the 
Foreign  Quarterly  Review,  1839,  p.  1.  The  paragraph  men- 
tioned by  me  occurs  in  the  latter  work,  at  p.  2.  Those  who  have 
read  my  memoir  <'On  Barometric  Minima,"  which  appeared  in 
PoggendoriTs  Annalen^  vol.  xiii.  p.  596,  will  be  best  able  to 
judge  of  the  share  which  I  have  had  in  the  explanation  of  the 
phaenoniena  of  storms.  As  this  memoir  appears  to  be  known 
only  in  Germany,  I  may  observe  that  the  still  important  em- 
pirical data  contained  in  it,  have  been  combined  in  my  recent 
article  on  the  law  of  storms  (PoggendorfTs  Annalen,  1840,  Jan., 

SI),  with  those  for  which  we  are  indebted  to  Messrs.  Reid  and 
edfield.  Which  of  the  theoretical  derivations,  whether  that 
given  by  Mr.  Redfield,  at  p.  33  on  the  storms  of  the  American 
coast,  or  that  published  by  me  (analogous  to  the  circular  pola- 
rization of  light),  agrees  best  with  the  totality  of  the  phseno- 
mena,— or  whether  the  connexion  suspected  bv  Messrs.  Reid 
and  Piddington,  with  the  magnetism  or  the  eartn,  be  more  pro- 
bable,— I  leave  to  the  opinion  of  those  who  may  be  inclined  to 
test  these  views  collectively.  W  D  ve 
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iVCIDS:— sericic,102;  stearic,  lU,  191, 
293 ;  oleic,  1 14,293 ;  nuurgaric,  1 15, 293 ; 
suberic,  116,  422;  elaidic,  117,  293; 
tebacic,  117:  palmitic,  187;  chloro- 
Ta]erosic,205;  chlorovalerisfc,  t6. ;  chlo- 
rindopten,  208  ;  bromindoptenic,  209 ; 
uric,  210;  anhydrous  camphoric,  238, 
441;  thiomelaiiic,278;  proteinchlorous, 
279;  xanthoprotemic,  ib.;  benioenitric 
and  cinnamonitric,  367 ;  ferric,  369 ;  ni- 
tric, 41 7, 605  ;  cenanthylic,  418 ;  cenan- 
thic,  421;  Hpinic,  422;  anhydrous 
sulphuric,  441 ;  sensibility  of  a  reagent 
on  sulphuric,  605;  phosphoric,  ib,; 
free  sulphuric,  ib, ;  combined  sulphuric, 
ib. ;  arsenious,  606. 

Others : — ^liydrotelluric,  78 ;  formic,  209; 
aconitic,  286 ;  itaconlc,  287 ;  veratric, 
44 1 ;  action  of  chlorine  on  oxalic,  544 ; 
chloroxalic,  ib, 

JRthylt  preparation  of  the  telluret  of,  210. 

Agassis  (Prof.)  on  the  polished  surfaces 
of  the  rocks  forming  the  beds  of  gla- 
ciers in  the  Alps,  565  ;  on  glaciers,  and 
evidence  of  their  having  existed  in 
Scotland,  Ireland  and  England,  569. 

Air,  condensed,  electrical  phienomena 
attending  the  efflux  of,  133,  328. 

Airy  (G.  B.)  on  the  diffraction  of  an  an- 
nular aperture,  1 ;  on  an  apparent  new 
polarity  in  light,  139 ;  on  the  resistance 
of  the  atmosphere  to  an  oscillating 
sphere,  321 ;  on  the  regulator  of  the 
clock-work  for  effecting  uniform  move- 
ment of  equatoreals,  590. 

Alcohol,  voltaic  decomposition  of,  47, 241, 
353;  action  of  potassa  on,  203. 

Alkarsin,  researches  on  the  bodies  de- 
rived 5-om,  370. 

Allenheads,  meteorological  journal  kept 
at,  for  1840,  556. 

Alpharesin,  440. 

Alps,  glaciers  in  the,  polished  surfaces  of 
the  rocks  forming  the  beds  of,  565. 

Amilen,  439 ;  acetate  of,  ib. 

Anhydrite,  analysis  of,  120. 

Anilin,  280,  607  ;  hydrochlorate  of,  608 ; 
oxalate  of,  ib. 

Animal  substances,  action  of  chlorine  on, 
278. 

Antarctic  expedition,  notice  respecting 
the,  58. 
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Antimony  and  arsenic,  testing  for,  442. 

Ante,  artificial  oil  of,  122. 

Arabic  globe,  593. 

Armstrong  (W.  G.)  on  the  electricity  of 
effluent  steam,  50,  328 ;  on  the  elec- 
tricity of  expanding  air,  1 33. 

Arsenic  and  antimony,  testing  for,  442. 

Astronomical  Society: — annual  meeting, 
141;  'address  of  the  president,  150, 
proceedings  of  the,  590. 

Atmosphere,  resistance  of  the,  to  an  oscil- 
lating sphere,  321. 

Atomic  volume  and  crystalline  condition 
of  bodies,  255. 

Attractions,  calculation  of,  550. 

Austen  (R.  A.  C.)  on  the  bone  caverns  of 
Devonshire,  228. 

Baily  (Mr.)  on  some  experimente  made 
with  three  invariable  pendulums,  602. 

Barometer,  cycle  of  eighteen  years  in  the 
mean  annual  height  of  the,  in  the  cli- 
mate of  London,  552 ;  remarkable  de- 
pression of  the,  in  November  1840,  553 ; 
irregularity  in  the  height  of  the,  555. 

Barry  (M.)  on  the  physiology  of  cells, 
308 ;  on  the  chorda  dorsalis,  309 ;  on 
the  corpuscles  of  the  blood,  310. 

Baryta,  cenanthylate  of,  420 ;  sensibility 
of  a  reagent  for,  606. 

Barytes,  on  the  preparation  of  the  chlo- ' 
rate  of,  210. 

Battery,  acid,  construction  of  a  constant, 
520. 

Benioin,  resins  of,  439. 

Berseliit,  description  and  analysis  of,  157. 

Berselius,  Baron  von,  on  Gros's  platina 
salts,  284 ;  on  double  carbonate  of  lead 
and  soda,  285 ;  on  the  views  of  Liebig 
and  Dumas  relative  to  the  constitution 
of  organic  acids,  290. 

Betaresin,  440. 

Binary  systems  of  algebraic  equations, 
425. 

Blake  (James)  on  the  action  of  inorganic 
compounds  when  introduced  into  the 
blood,  547. 

Blood,  action  of  inorganic  compounds 
when  introduced  into  the,  547  ;  on  the 
corpuscles  of  the,  310. 

Blumenbach  (J.  F.),  notice  of  the  late,  7Q. 

Books: — A  system  of  Crystallography, 
302;    Elements  of   Chemistry,   304; 
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Sdentilie  Memoira,  319;  collection  of 
Letten  illustrative  of  the  progress  of 
Science,  412. 

Bowerbank  (J.  S.)  on  the  siKceous  bodies 
of  the  chalk,  sreensand  and  oolite,  220. 

Bowman  (J.  E.}  on  the  characters  of  fos- 
sil trees,  and  on  the  formation  of  coal, 
212;  on  supposed  moraines  of  ancient 
glaciers  in  Scotland,  337. 

Bowman  (W.)on  the  contraction  of  Tolun- 
fary  musdes  in  the  living  body,  560. 

Brewster,  (Sir  D.)  correction  of  an  error 
in  Prof.  Dove's  letter  on  the  law  of 
storms,  314;  on  a  remarkable  property 
of  the  diamond,  552;  on  the  phae- 
nomena  of  thin  plates  of  solid  and  fluid 
substances  exposed  to  polarized  light, 
561. 

Buckland  (Prof.)  on  the  evidences  of  gla- 
ciers in  Scotland  and  the  north  of  En- 
gland, 574,  587. 

Buddie  (J.)  on  the  great  fault  in  the 
forest  of  Dean  coal-field,  229. 

Bunsen  (Di.)  on  the  bodies  derived  from 
alkatsin,  370. 

Butler  (Dr.  S.),  notice  of  the  Iate»  64. 

Cacodyl,  protochloride  of>  436;  proto- 
iodide  of,  ib, 

Cahours  and  Gerhardt  on  sethereal  oils, 
282,  415. 

Calcareous-sheUed  Polythalamia,  list  of, 
453. 

Calvert  (Dr.  R.)  on  a  bed  of  lignite  near 
Messina,  566. 

Cambridge  Philosophical  Society,  318, 
520. 

Camphoric  acid*  anhydrous,  action  of  an- 
hydrous phosphoric  acid  on,  238. 

Cantraine  (Prof.)  on  electric  currents  in 
warm-blooded  animals,  271. 

Capaun  (C.  F.)  on  the  preparation  of  hy- 
posulphite of  soda,  211. 

Carlisle  (Sir  A.),  notice  of  the  late,  65. 

Cells,  on  the  physiology* of,  308. 

Chalk,  on  the  organic  composition  of,  220, 
383. 

Challis  (Rev.  J.)  on  the  motion  of  a  small 
sphere  in  a  resisting  medium,  130, 321 ; 
on  the  principles  of  the  application  of 
analysts  to  the  motion  of  fluids,  477 ; 
on  the  motion  of  a  small  sphere  sub- 
mitted to  the  dynamical  action  of  the 
vibrations  of  an  elastic  medium,  521. 

Chelidonin,  on  the  composition  of,  32. 

Chemical  Society  of  London,  410,  515. 

Cl^iemical  reagents,  limit  to  the  action  of 
certain,  604. 

Chemistry : — new  compound  of  chlorioe 
and  cyanogen,  29;  composition  of 
chelidonin  and  jervin,  32 ;  combina- 
tion of  hydrated  sulphuric  acid  with 


nitric  oxide,  81 ;  new  method  of  i 
lysing  ores  of  iron,  90  ;  new  acid  frosn 
the  butter  of  nutmegs,  102;  consdte- 
tion  of  fatty  substances,  113;  artificial 
oil  of  ants,  122;  analysis  of  chyle  and 
lymph,  156;  oils  of  elemi  and  ollba- 
num,  184;  palm  oil  and  cacao  batter, 
186;  chemical  types,  203;  action  of 
potassa  on  alcohols,  204,  296;  oil  from 
Rtttu  graveokfUf.  ib, ;  action  of  «hl»> 
rine  and  bromine  on  indigo,  297 ;  fonnic 
sether,  209;  telluxet  of  sethyl,  210; 
uric  acid  in  snails,  t6. ;  brudn,  t&; 
new  method  of  analysing  metallic  snl- 
phurets,  211 ;  preparation  of  chlorate 
of  barytes,  210;  of  hyposulphite  of 
soda,  211 ;  dioxide  of  copper,  218 ;  fba- 
sil  wax  of  Gallicia,  235 ;  minium,  237  ; 
action  of  anhydrous  phosphoric  a^d  on 
anhydrous  camphoric  acid,  238;  toI- 
taic  decomposition  of  aqueous  and  alco- 
holic solutions,  241 ;  atomic  volume 
and  crystalline  condition  of  bodies,  255  ; 
black  substance  ftom  sulphuric  Mdd  and 
alcohol,  276;  action  of  chlorine  on 
animal  substances,  278 ;  action  of  pot- 
ash and  soda  on  indigo,  280  ;  palmitic 
add,  281 ;  sethereal  oils,  ib, ;  guaranin, 
283 ;  action  of  chlorine  on  marsh  gas, 
284 ;  Gros's  salts  of  platina,  284,  293  ; 
Prussian  blue,  284;  double  carbonate 
of  lead  and  soda,  285 ;  acid  products 
of  citric  acid  at  high  temperatures,  ih. ; 
milk  of  the  cow-tree,  291 ;  croconate 
of  copper,  292 ;  sUte  of  the  haloid  salts 
in  solution,  357 ;  bensoenitric  and  cin> 
namonitric  acids,  367 ;  ferric  acid,  369 ; 
researches  on  the  cacodyl  series,  370 ; 
isomorphism  of  oxamethane  and  chlo- 
roxamethane,  872;  cnmyle,  415;  ac- 
tion of  nitric  acid  oa  castor  ml,  417; 
cenanthylic  sether  and  oenanthylic  add, 
418 ;  cenanthylate  of  silver,  419  ;  of  ba- 
ryta, 420 ;  of  potash,  42 1 ;  of  strootian, 
ilK ;  oenanthic  acid,  ib, ;  suberic  add, 
116,  422;  lipiaic  acid,  •&.;  on  bleadi- 
ing  salts,  ib, ;  on  the  bleaching  salts  of 
chlorine,  ib. ;  protochloride  of  cacodyl, 
436 ;  protoxide  oi;  ib, ;  oil  of  sabine, 
43S ;  of  esdragon,  ib. ;  of  potatoe  spirit, 
439 ;  acetate  of  amilen,  t6. ;  on  the 
resins  of  bensoin,  ib. ;  betaresin,  alpha- 
resin,  gammaresin,  440  ;  action  of  an- 
hydrous sulphuric  acid  on  anhydrous 
camphoric  acid,  441;  manulactore  of 
platinum,  442 ;  on  testing  for  arsenic 
and  antimony  by  Hume's  process,  442  ; 
preparation  and  formation  of  yellow 
prussiate  of  potash,  515 ;  formation  of 
mellon,  518;  appearance  of  flashes  of 
light  during  the  crystallisatioB  of  ni- 
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irate  of  itrontmn  in  the  dark,  516 ;  ac- 
tion of  nitric  acid  on  castor  oil,  ib,; 
bleaching  salts,  ib.;  preparation  of 
chlorate  of  potash,  ih. ;  action  of  chlo- 
rine on  oxalic  aether,  544 ;  chlorozalic 
aether,  t5.;  state  of  urine  in  urea,  545  ; 
limit  to  the  action  of  certain  chemical 
reagents,  604. 

Chinese,  the  scholar's  lute  among  the, 
557. 

Chlorindatmit  and  cfalorindopten,  prepa- 
ration of;  207. 

Chlorine,  on  a  new  compound  of,  with 
cyanogen,  29 1  action  of,  on  animal  sub- 
atances,  278 ;  action  of,  on  marsh  gas, 
284 ;  bleaching  salu  of,  422 ;  action 4»f, 
on  oxalic  aether,  544. 

Chlorisatinic  acid,  208. 

Chlorospinelle,  analysis  of;  122. 

ChloroYalerasic  and  ohiorovalerisic  adds, 
205. 

Chloroxalic  sether,  544;  compounds  de* 
rired  from,  545. 

Chloroxamethaae,  isomorphism  of  oxame- 
thane  wkh,  872. 

Circuiti  of  ainc  and  iron,  an  the  intensity 
of  currents  of,  42. 

Citric  acid,  on  the  prodncts  of,  at  high 
temperatures,  285;  crystallisation  of 
water  of;  269. 

Clock,  description  of  the  electro*  magnetic, 
139. 

Coals,  on  the  formation  of,  211;  self- 
combustion  of,  t6. 

Connell  (A.)  on  the  ▼oltaSc  decomposition 
ofalcohol,47,  241,  358. 

Copper,  dioxide  of,  212 ;  native  phosphate 
o^  236  {  creconate  of  292;  sensibility 
of  a  reagent  for,  606. 

Corals,  researches  on,  375. 

Cow-tree,  on  the  millLof  the,  291. 

Crasso  (O.  L.)  on  the  acid  products  of 
citric  acid  at  high  temperatures,  285. 

Crease  (Mr.)  on  the  structure  of  the 
Royal  George,  and  an  tlie  condition  of 
the  timber,  iron,  &c.,  231. 

Crooonate  of  copper,  292. 

Crofk  and  Francis's  notices  of  the  inveati- 
gations  of  continental  chemists,  202, 
276,  367,  436, 4i44;  remarlcs  on,  296; 
errata  in,  546. 

Crystals,  hiaxal,  conical  refraction  in, 
343. 

Cnrayle  and  oil  of  cumin,  researches  on, 
415. 

Daguerreotype  pictures,  on  the  cause  of 
the  production  of,  301. 

Davy  (Dr.  J.),  miscellaneous  observations 
on  the  torpedo,  552. 

De  la  Rive's  theory  of  electricity,  obser- 
vations on,  193;  Pro£  Marianini's  ex- 


amination of  an  experiment  adduced  by 
Prof.  Faraday  in  support  of,  529, 

Detmer  (M.)  on  bleaching  salts,  422. 

Diamond  mines  of  Golconda.  present 
state  of  the,  308. 

Diamond,  remarkable  property  of  the,  552. 

Diffhictionof  an  annular  aperture,  on  the, 
1. 

Dove's  (Prof.)  letter  on  the  law  of  storms, 
correction  of  an  error  in,  by  Sir  D. 
Brewster,  514;  notice  respecting  the 
error,  608. 

Drach  (S.  M.)  on  some  new  and  carious 
numerical  relations  of  the  solar  system, 
37. 

Duflos  (M.)  an  the  preparation  of  the 
chlorate  of  barytes,  210. 

Dumas  and  Stas  an  diemlcal  tjrpes,  203. 

Earth,  figure  of  the,  550. 

Ehrenberg  (Prof!)  on  the  coralliaie  tribea, 
375;  on  the  organic  composition  of 
chalk  and  chalk  marl,  383, 

Electrical  phsenomena  attending  the  efflux 
of  steam,  50,  93,  95,  100,  265,  328;  of 
condensed  air,  133,  328. 

Electrical  Society  of  London,  520. 

Electric  currents  in  warm-blooded  aai*^ 
mals,  271. 

Electricity,  on  steam  considered  as  a  con- 
ductor of,  14 ;  observations  on  De  la 
Rive's  theory  of,  193;  production  of 
heat  by  voltaic,  308. 

Electricity  and  magnetism.  Prof.  Henry's 
contributions  to,  482. 

Electro-dynamic  induction,  462;  on  ap- 
parently two  kinds  of,  492. 

Electro-magnetic  clock,  description  of  the» 
139. 

Electro-nitrogurets,  on  some,  548. 

Electrotype  manipulation,  526L 

Elemi  and  olibanum,  analysis  af  the  e&a 
ot,  184. 

Epps  (J.),  notice  of  the  late,  146. 

Equations,  algebraic,  linear  method  of 
eliminating  between  double,  treble,  and 
other  systems  of,  425 ;  binary  systems 
of,  425;  ternary  systems  of,  427 ;  new 
method  of  solring  numerical,  559. 

Equatoreals,  regulator  of  the  clock-work 
for  effecting  uniform  movement  of,  590. 

Erdmann  (Prof.)  on  the  action  of  chlorine 
and  bromine  on  indigo,  247;  on  the 
black  substance  from  sulphuric  acid  and 
alcohol,  276 ;  on  anilin,  280« 

Esdragon,  oil  of,  438. 

Faraday  (Prof.),  second  letter  to,  from 
Dr.  Hare,  465 ;  Prof.  Marianini  on  an 
experiment  adduced  by,  in  support  of 
ProC  De  la  Rive's  theory  of  electricity, 
529. 

Farquliarsou  (J«)  on  ground-gru,  or  ice 
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fbrnied,  under  peculiar  circumitancet, 
at  the  bottom  cf  running  water,  555  ; 
on  the  localities  affected  by  hoar  frosty 
the  peculiar  currents  of  air  excited  by 
it,  and  the  temperature  during  its  oc- 
currence at  high  and  low  stations,  554. 

Fatty  substances,  researches  on  the,  11 3. 

FaTio  (Dr.)  on  electric  currents  in  warm- 
blooded animals,  271. 

Fibroferrite,  analysis  of,  39T. 

Fluids,  principles  of  the  application  of 
analysis  to  the  motion  of,  477. 

Foraminifers  of  the  white  chalk  ot  the 
Paris  basin,  456. 

Forfarshire,  existence  of  glaciers  in,  579. 

Formic  sther,  preparation  of,  209. 

Fossil  remains  from  the  chalk,  316. 

Fremy  (M.)  on  palmitic  add,  281;  on 
ferric  acid,  369. 

Francis  and  Croft's  notices  of  the  invest!^ 
gations  of  continental  chemists,  202, 
276,  367,436,  544;  erraU  in,  546. 

Fuchs  (Prof.)  on  a  new  method  of  ana* 
lysing  the  ores  of  iron,  90. 

Fuss  (Dr.)  on  brudn,  210. 

Gammaresin,  440. 

Geological  Society,  212,  311,  398,  522, 
561. 

Geology :— ^n  the  characters  of  fossil  trees 
found  near  Manchester,  and  on  the 
formation  of  coal,  212 ;  on  the  beds  of 
clay  below  the  coal  seams  of  South 
Wales,  217;  on  the  rocks  which  form 
the  left  shore  of  the  bay  of  Loch  Ryan, 
219 ;  on  the  siliceous  bodies  of  the  chalk, 
220 ;  on  the  age  of  the  limestone  of 
South  Devon,  223 ;  on  the  bono  caves 
of  Devonshire,  228 ;  on  the  great  fiuilt 
in  the  forest  of  Dean  coal-field,  229  ; 
on  the  subsidence  of  the  coast  near 
Puiiuoli,  232 ;  on  part  of  Borneo  Pro- 
per, ib.\  on  some  geological  spedmens 
from  Syria,  233 ;  geological  features  of 
Ionia,  Caria  and  Rhodes,  311;  remaina 
of  a  bird,  tortoise,  and  Lacertian  sau- 
rian from  the  chalk,  3 1 6 ;  on  the  organic 
composition  of  the  chalk  and  chalk 
marts,  383,  443;  classification  and 
distribution  of  the  older  rocks  of 
North  Germany,  398 ;  living  poly- 
thalamia  on  the  African  and  Asiatic 
coasts  of  the  Mediterranean,  443; 
on  M.  Alcide  d'Orbigny's  view  of  the 
white  chalk  of  the  Paris  basin,  456  ; 
list  of  foraminifers  found  in  the  Paris 
basin,  461 ;  on  a  mass  of  trap  in  the 
mountain  limestone  in  the  Bleadon 
hill,  522 ;  on  the  coloured  sections  of 
the  cuttings  on  the  Birmingham  and 
Gloucester  railway,  523;  on  a  coral 
reef  in  the  island  of  the  Mauritius,  ^26 ; 


on  a  portion  of  the  lower  jaw  of  sn 
iguanodon  and  other  saurian  renaios 
found  in  Tilgate  forest,  551 ;  grolegi- 
cal  remarks  on  Kerguelcn's  Land,  558 ; 
on  the  mineral  veins  of  the  Sierra  Al- 
magrera,  561 ;  on  the  Siena  de  Gsdor 
and  its  lead  mines,  663;  on  the  polished 
surfaces  of  the  rocks  forming  the  Na- 
ders in  the  Alps,  565 ;  on  a  bed  of  lig- 
nite near  Messina,  566 ;  on  the  chalk 
and  the  subjacent  fbrmadons  to  the  Par- 
beck  stone  indusive  in  the  north  of 
Germany,  ib* ;  on  a  large  saurian  dis- 
covered near  Hythe,  568 ;  eridenoe  of 
glaciers  having  existed  in  Scotland,  ire- 
land,  and  England,  569 ;  in  Scotland 
and  the  north  of  England,  574, 687 ; 
in  Forfarshire,  579  ;  dkperaon  of  Shap 
Fell  granite  by  ice,  589. 

Gerfaardt  and  Cahoura  on  Ktheieal  oik, 
282,  415. 

Gilbert  (D.),  notice  of  the  late,  62, 141 

Glaciers : — on  supposed  moraines  c(,  io 
Scotland,  337 ;  polished  surfaces  of  the 
rocks  forming  the  beds  of,  in  the  Alps, 
565 ;  eridence  of  thrir  having  existed 
in  Scothmd,  Ireland,  and  England,  569; 
former  existence  of,  in  Forfanhiie,  572, 
579 ;  in  Scotland  and  the  north  of  Eo- 
gland,  574;  eridences  of,  on  Schie- 
hallion,  576 ;  in  and  near  Stnlh  Esm, 
t6. ;  near  Comrie,  577 ;  near  Loch 
Earn,  15. ;  prooft  of  gladal  action  at 
Stirling  and  Edinburgh,  578 ;  io  the 
mounUins  of  Cumberland  and  West- 
moreland, 588. 

Glashier  (Mr.)  on  the  correction  of  the 
elemenU  of  the  orbit  of  Venus,  601. 

Gmelin  (L.)  on  Prussian  blue,  284;  oa 
the  croconate  of  copper,  292. 

Graham  (Prof.)  on  the  prepantioo  of 
chlorate  of  potash,  518. 

Griffin's  (J.  J.)  System  of  Crystellognphj, 
reriewed,  302. 

Ground-gru,  or  ice  formed  at  the  bottom 
of  running  water,  555. 

Grove  ( W.  R.)  on  a  powerful  voltaic  com- 
bination, 234;  on  some  electro-nitrsso- 
reU,  548. 

Halliwell  (J.  O.)  on  the  Boetian  system 
of  numerical  contractions,  and  tbeAla- 
baldine  notation,  13. 

Hamilton  (W.  J.)  on  the  geology  of  Ionia, 
Caria,  and  Rhodes,  311. 

Hare's  (Dr.  R.)  second  letter  to  rn>r. 
Faraday,  461. 

Hargreave  (C.  J.)  on  the  calculation  of 
attractions,  and  the  figure  of  the  earth, 
550. 

Harris  (W.  S.)  on  lightning  oondactor* 
for  ships,  172. 
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Hwting  (M.  P.)  on  the  limit  to  the  ac- 
tion of  certain  chemical  reagents,  604. 

Heat,  on  the  change  of  crystalline  form 
by,  255 ;  on  the  production  of,  by  vol- 
taic electricity,  308. 

Henry  (Prof.  J.),  contributions  to  electri- 
city and  magnetism.  No.  lY.  on  electro- 
dynamic  induction,  482;  theoretical 
considerations  relating  to  the  phssno- 
mena  described  in  this  and  the  prece- 
ding communications,  498. 

Herschei  (Sir  J.  F.  W.),  anniversary  ad- 
dress at  the  Astronomical  Society,  150. 

Hils  conglomerate,  567 ;  clay,  ib, 

Howard  (Luke)  on  a  cycle  of  eighteen 
years  in  the  mean  annual  height  of  the 
barometer  in  the  climate  of  London, 
552 ;  on  a  remarkable  depression  of  the 
barometer  in  November  1840,  553 ;  on 
the  prevailing  winds,  mean  tempera- 
ture, and  depth  of  rain  in  the  climate 
of  London,  559. 

Hullmandel  (C.)  on  the  subsidence  of  the 
coast  near  Puacuoli,  232. 

Hume's  process,  on  testing  for  arsenic  and 
antimony  by,  442. 

Hunt  (R.)  on  a  remarkable  solar  bow,  158. 

Hydrotelluric  sether,  formation  and  ana- 
lyse of,  78. 

Hylmnauras,  551. 

Hyposulphite  of  soda,  new  method  of  pre- 
paring the,  21 1, 

Ice,  dispersion  of  Shap  Fell  granite  by, 5  89. 

Iguanodon,  portion  of  the  lower  jaw  of  an, 
551. 

Indigo,  action  of  chlorine  and  bromine 
on,  207  s  action  of  potash  and  soda 
on,  280. 

Indopten,  chloride  of,  207. 

Induction,  electro-dynamic,  482;  pro- 
duced at  the  moment  of  the  beginning 
of  a  galvanic  current,  &c,  483  s  on  ap- 
parently two  kinds  of,  492. 

Infusoria,  siliceous-shelled,  list  of,  453. 

Innes  (George),  elements  of  the  annular 
eclipse  of  the  sun  that  will  happen  on 
October  8,  1847,  603. 

Inorganic  compounds,  action  of,  when  in- 
troduced into  the  blood,  547. 

Iodine,  sensibility  of  starch  as  a  reagent 
for,  604. 

Iron,  notice  of  an  undescribed  subsulphate 
of,  397  s  sensibility  of  a  reagent  for 
protoxide  of,  606 ;  for  peroxide  of,  ib. 

Iron  ores,  new  method  of  analysing,  90. 

iervin,  on  the  composition  of,  35. 

Joule  (/.  P.)  on  the  production  of  heat  by 
voltaic  electricity,  308. 

Kane  (R.)  on  the  true  constitution  of 
Gros's  platina  salts,  293 ;  Elements  of 
Chemistry,  reviewed,  304. 


Kemp  (W.)  on  supposed  moraines  of  an- 
cient glaciers  in  Scotland,  337. 

Kerguelen's  Land,  on  the  birds  of,  558 ; 
geological  remarks  on,  ib. 

Kersten  (M.)'on  a  new  method  of  analy- 
sing metallic  sulphurets,  211. 

Kopp  (H.)  on  the  atomic  volume  and 
crystalline  condition  of  bodies,  and  on 
the  change  of  crystalline  forgi  by  means 
of  heat,  255. 

Kiihn  (M.),  analysis  of  berzeliit,  157 ; 
of  a  native  phosphate  of  copper,  236. 

Lambert  (J.)  on  the  mineral  veins  of  the 
Sierra  Almagrera,  561 ;  on  the  Sierra 
de  Gador  and  its  lead  mines,  563. 

Latham  (R.  0.)  on  the  science  of  phone- 
tics, 124. 

Laurent  (M.)  on  the  oil  of  esdragon,  438. 

Lay(G.  T.)  on  part  of  Borneo  Proper,  232. 

Lay  ( — ))  the  scholar's  lute  among  the 
Chinese,  557. 

Lead,  sensibility  of  a  reagent  for,  607. 

Lepidomelane,  analysis  of,  77. 

Levol  (M.)  on  minium,  237. 

Liebig  (Prof.)  on  the  preparation  and  for- 
mation of  yellow  prussiate  of  pota8h,5 15. 

Light,  apparent  new  polarity  in,  139. 

Lightning,  experiments  relating  to  the 
defence  of  shipping  from,  172. 

Lignite  near  Messina,  on  a  bed  of,  566. 

Lime,  sensibility  of  a  reagent  for,  606. 

Lipinic  acid,  422. 

Lloyd's  (Capt.)  letter  to  Mr.  Murchison 
on  a  coral  reef  in  the  island  of  Mauri- 
tius, 526. 

Logan  (W.  E.)  on  the  beds  of  clay  lying 
beneath  the  coal  seams  of  S.  Wales,  217. 

London  Electrical  Society,  409,  520. 

London  Institution,  234. 

Lonsdale  (W.)  on  the  age  of  the  lime- 
stone of  S.  Devon,  223. 

Lubbock  (Sir  J.  W.)  on  a  theorem  of  Fer- 
mat,  552  s  on  an  irregularity  in  the 
height  of  the  barometer,  555. 

Lyell  (Chas.)  on  the  geological  evidence, 
of  the  former  existence  of  glaciers  in 
Forfarshire,  579. 

M.  (W.  A.),  remarks  on  Messrs.  Francis 
and  Croft's  abstracts,  206;  note  on,  300. 

Mackeson  (H.  B.)  on  a  large  saurian  dis- 
covered near  Hythe,  568. 

Maclear  (T.)  on  the  difference  of  longitude 
between  the  observations  of  Madras  and 
the  Cape  of  Good  Hope,  deduced  from 
moon-culminating  stars,  604 ;  observa- 
tions made  at  the  Cape  of  Good  Hope, 
in  the  year  1838,  with  Bradley's  zenith 
sector,  for  the  verification  of  the  Abbi 
de  Lacaille's  arc  of  the  meridian,  593 ; 
on  some  experiments  made  with  an  in> 
variable  pendulum, 602. 
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Madras,  longitude  of,  computed  from 
moon-culminating  observations,  596. 

Magnesia,  sensibility  of  a  reagent  for,  606. 

Magnetic  and  meteorological  observa- 
tions : — at  Constantinople,  553  ;  at 
Prague,  553,  554 ;  at  Kerguelen's 
Land,  553 ;  on  H.M.S.  Erebtu,  ib. ; 
H.M.S.  Terror,  ib. ;  at  Milan,  555,  558 ; 
at  Sl  Helena,  555 ;  at  Toronto,  ib, ;  at 
Hobart  Town,  557 ;  at  Van  Diemen's 
Land,  557,  558. 

Magnetism  and  electricity,  Prof.  Henry*s 
contributions  to,  482. 

Magnetism,  terrestrial,  contributions  to, 
549. 

Main  (Rev.  R.)  on  the  present  state  of 
our  knowledge  of  the  parallax  of  the 
fixed  sUrs,  597. 

Manipulation,  electrotype,  520. 

Mantell  (G.A.)  on  a  portion  of  the  lower 
Jaw  of  an  iguanodon,  and  other  saurian 
remains  in  Tilgate  forest,  551. 

Marchand  (Dr.)  on  the  dioxide  of  copper, 
212;  on  aconitic  and  itaconic  ethers, 
286;  on  the  milk  of  the  cow-tree,  291. 

Marianini  (Pro£)  on  an  experiment  ad- 
duced by  Pro£  Faraday  in  support  of 
Prof.  De  la  Rive's  theory  of  electricity, 
193,  529. 

Marsh  (J.)  on  testing  for  arsenic  and  an* 
timony  by  Hume's  process,  442. 

Mauritius,  coral  reef  in  the  island  of,  526. 

McCormick  (R.)  geological  remarks  on 
Kerguelen's  Land,  558 ;  on  the  birds  of 
Kerguelen's  Land,  ib, 

Megalosaurus,  552. 

Mellon,  formation  of,  518. 

Messina,  bed  of  lignite  near,  566. 

Meteorological  observations  and  table,  79, 
159,  240,  320,  416,  527. 

Miller  (ProC)  on  supernumerary  rain- 
bows, 520. 

Millon  (M.)  on  the  bleaching  salts  of 
chlorine,  422. 

Mineralogy: — lepidomeUne,  77;  antigo- 
rite,  120;  pennine,  121 ;  chlorospinelle, 
ib,;  xanthophyllite,  122;  pikrophylle, 
ib, ;  Beneliit,  157 ;  phosphate  of  cop- 
per, 236 ;  fibroferrite,  897  ;  phosphate 
ofyttria,519. 

Minium,  constitudon  of,  237. 

Mitscherlich  (Prof.)  on  cinnamonitric 
and  benioenitriG  adds,  367. 

Molecules,  on  the  symmetrical  arrange- 
ment of,  161. 

Moore  (J*C.)  on  the  rocks  which  form  thte 
west  shore  of  the  bay  of  Loch  Ryan, 
219. 

Moraines  of  ancient  glaciers  in  Scotland, 
337;  near  Dumfries,  575;  in  Forfor- 
sbjifc,  ib,;  in  Aberdeenshire,  ib,;  at 


Taymouth,  575 ;  in  Glen  Cofleld,  ib,  ( 
near  Callender,  577 1  in  Northumber* 
land,  587. 

Morgan  (Prof.  A.  de)  on  a  method  of  com- 
puting life  contingencies,  268. 

Mulder  (M.)  on  the  action  of  chlorine  on 
animal  substances,  278;  on  cinnamo- 
nitric and  bensoenitric  adds,  367. 

Murchtson  (R.  L)  on  the  classification  and 
distribution  of  the  older  rocks  of  the 
north  of  Germany,  398 ;  letter  to,  by 
CapL  Lloyd,  on  a  coral  reef  in  the  island 
of  Mauritius,  526* 

Musdes,  voluntary,  contraction  of,  in  the 
living  body,  560. 

My  lias  (M.)  on  the  occurrence  of  uric 
add  in  snails,  210. 

Nttutibu  Orbieiaus,  446. 

Newton  (Sir  Isaac)  presentation  of  the 
portrait  of,  to  the  Royal  Sodety,  by  C. 
VignoUes,  556. 

Newtonian  reflecting  telescope,  seven  feet, 
presentation  of,  to  the  Astronomical 
Sodety,  597. 

Nitric  add,  products  of  the  action  o^  on 
castor  oil,  417. 

Nitric  oxide,  combination  of,  with  sul- 
phuric add,  81. 

Northampton,  Marquis  of,  anniversary 
address  by  the,  at  the  Royal  Sodety,  57. 

Northumberland,  moraines  in,  587. 

Nutmegs,  on  a  new  fat  add  in  the  butter 
of,  102. 

(Enanthic  add,  421. 

CBnanthylateofsilver,419;  of  baryta*  420; 
of  potash,  421 ;  of  strontian,  ib, 

(Enanthylic  add,  418;  sether,  ib. 

Oils  :««ielemi  and  olibanum,  184;  palm, 
186 ;  from  Buta  graveolent,  207  ;  cas- 
carilhi  and  carraway,  281 ;  of  potatoe 
spirit,  28 1 ,  439 ;  of  anise  and  of  fennel, 
282 ;  of  bergamot,  283 ;  products  of  the 
action  of  nitric  acid  on  castor,  417 ;  of 
esdragon,  438;  of  sabine,  ib. 

Olbers  (Dr.),  notice  of  the  late,  72. 

Optics,  physical,  on  the  applicatioo  of 
Huyghens's  prindple  in,  11. 

Orbigny's  (M.  Aldde  d')  view  of  the 
white  chalk  of  the  Paris  badn,  456 ;  on 
the  foraminifers  of  the  white  chalk  of 
the  Paris  basin,  ib, 

Owen  (R.)  on  the  fossil  remains  of  a  bird, 
tortoise,  and  saurian  from  the  chalk, 
318. 

Oxalic  ether,  action  of  chlorine  on,  544 ; 
compounds  derived  from,  545. 

Oxamethane,  isomorplUsm  of,  with  chlo- 
roxamethane,  372. 

Parallax  of  the  fixed  stars,  present  state 
of  our  knowledge  of  the,  597. 

Paris  basin,  Mr.  Weaver  on  M.  Aldde 
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d'Orblgny's  view  of  the  white  chalk  of 
the,  456;  on  the  fonminifers  of  the 
white  chalk  of  the,  ib. ;  list  of  forami- 
nifers  foand  in  the,  461. 
Peltier  (M.)  on  the  phanomena  of  the 

electricity  of  steam,  100. 
Pendulums,  invariable,  experiments  made 
with,  602. 

Peneropiit  pkmaius,  444. 

Pennine,  analysis  of,  121. 

Phonetics,  facts  and  observations  relating 
to  the  science  of,  124,  363. 

Phosphoric  acid,  anhydrous,  action  of,  on 
camphoric  acid,  238. 

Pikrophylle,  analysis  of,  122. 

Plana  (M.),  award  of  the  astronomical 
medal  to,  153. 

Platinum,  on  Magnus  and  Gros's  salts  of, 
284,  893 ;  manufitcture  of,  442. 

Phiyfair  (L.)  on  a  new  fat  add  from  the 
butter  of  nutmegs,  102. 

Plesiosaurus,  552. 

Poggendorff  (Prof.)  on  the  surprising  in- 
tensity of  currents  of  the  linc  iron  cir- 
cuit, 42. 

Poisson  (D.),  notice  of  the  late,  74. 

Polythalamia,  living,  geological  distribu- 
tion of,  on  the  African  and  Asiatic  coasts 
of  the  Mediterranean,  443 ;  remarks  on, 
444;  calcareous-shelled,  453. 

Potash,  cenanthylate  of,  421 ;  preparation 
and  formation  of  yellow  prussiate  of, 
515;  preparation  of  chlorate  of,  518; 
sensibility  of  a  reagent  for,  606. 

Potatoe  spirit,  oil  of,  439. 

Potter  (R.)  on  the  application  of  Huy- 
ghens*s  principle  in  physical  optics,  1 1 ; 
on  conical  refraction  in  biazal  crystals, 
343. 

Powell  (Rev.  B.)  on  certain  points  in  the 
theory  of  undulations,  161,  270. 

Prideauz  (J.)  on  an  undescribed  subsul- 
phate  of  iron,  397. 

Prinsep  (i.),  notice  of  the  late,  64. 

Protochloride  of  caoodyl,  436. 

Provostaye  (M.  de  la)  on  the  isomorphism 
of  oxamethane  and  chloroxamethane, 
372. 

Pterodactylus,  552. 

Rainbows,  supernumerary,  520. 

Redfield  (W.  C.)  on  the  direction  of  the 
wind  as  observed  in  the  storm  of  Dec. 
15,  1839,  17;  on  the  tornado  which 
risited  New  Brunswick,  June  19,  1835, 
20. 

Reet  (6.  O.)  on  chyle  and  lymph,  156. 

Refraction,  conical,  in  biaxal  crysUls,  343. 

Resins  from  the  milk  of  the  cow-tree,  29 1 . 

Riddle  (B.),  on  the  longitude  of  Madras, 
computed  from  moon-culminating  ob- 
servations, 596. 


Rigaud  (Prof.),  notice  of  the  late,  144. 

Roberts  (M.  J.)  on  the  cause  of  the  pro- 
duction of  daguerreotype  6gures,  301. 

Roemer  (M.)  on  the  chalk  and  the  sub- 
jacent formations  to  the  Purbeck  stone 
inclusive  in  the  north  of  Germany,  566. 

Rose  (A.)  on  the  combination  of  sulphuric 
acid  with  nitric  oxide,  81. 

Rose  (H.),  analysis  of  chlorospuielle,  122. 

Roialia  Beccarii,  444. 

Rothman  (R.  W.)  on  an  Arabic  globe  be- 
longing to  the  Astronomical  Society  ,593. 

Royal  Society,  proceedings  of  the,  57, 139, 
307,  547. 

Rumker  (Mr.)  ephemeris  and  elements 
of  the  third  comet  discovered  by  Galle, 
597. 

Ruta  grtmeolerUf  oil  obtained  from,  207. 

Rutherford  (W.)  on  a  new  and  simple  se- 
ries, by  which  the  ratio  of  the  diameter 
of  a  circle  to  its  circumference  may 
easily  be  computed  to  any  required 
degree  of  accuracy,  561. 

Sabine,  oil  of,  438. 

Sabine  (Mijor  Edward)  on  terrestrial 
magnetism.  No.  2.,  549. 

Salts,  haloid,  on  the  state  in  which  they 
are  dissolved  by  water  and  alcohol, 
357  ;  bleaching  salts,  422. 

Schafhaeutl  (Dr.C.)  on  the  circumstances 
under  which  steam  developes  positive 
electricity,  95 ;  on  steam  considered  as 
a  conductor  of  electricity,  14,  265. 

Schweizer  (M.),  analysis  of  antigorite  and 
Pennine,  120. 

Science,  letters  on  the  progress  of,  in  fin- 
gland,  reriewed,  412. 

Sea,  on  the  mean  level  of  the,  183. 

Sedgwick  (Prof.)  on  the  classification  and 
distribution  of  the  older  rocks  of  north 
Germany,  398* 

Sierra  Almagrera,  mineral  veins  of  the, 
561. 

Sierra  de  Gador,  and  its  lead  mines,  563. 

Siliceous-shelled  infusoria,  list  of,  453. 

Silver,  cenanthylate  of,  419;  sensibility 
of  a  reagent  for,  607. 

Simms's  (Mr.)  comparison  of  the  Neapo- 
litan standard  yard  with  that  of  the 
Astronomical  Society,  603. 

Smith  (A.)  on  Irish  tin  ore,  134. 

Snails,  occurrence  of  uric  acid  in,  210. 

Soda,  hyposulphite  of,  mode  of  preparing 
the»211. 

Sorites  OrbicuUu,  444. 

Soubeiran  (M.)  on  the  oil  of  bergamot, 
383. 

Sounds,  on  the  natural  arrangement  of 
consonantal,  363. 

Starch,  sensibility  of,  as  a  reagent  for  io- 
dine, 604. 
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Stars,  fixed,  present  state  of  our  know- 
ledge Qfjthe  parallax  of  the,  597. 

Steam,  conitiered  as  a  conductor  of  elec- 
tricity, 14 ;  on  the  electricity  of  effluent, 
50,  93,  9d,  100,  32S. 

Steneosaunit  552. 

Stenhouse  (J.)  on  a  new  compound  of 
chlorine  and  cyanogen,  29;  on  artificial 
oil  of  ants,  122 ;  on  the  oils  of  elemi  and 
olibanum,  184  ;  on  palm  oil,  and  cacao 
butter,  186. 

Storms,  papers  relating  to  the  law  of,  17, 
20 ;  correction  of  an  error  in  Prof. 
Dove's  letter  on  the  law  of,  514 ;  notice 
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PLATE. 

I.  Illustrative  of  Dr.  Dbafeb's  Paper  on  some  Analogies  between  the 
Phaenomena  of  the  Chemical  Rays^  and  those  of  Radiant  Heat. 


Errata. 

Page  261,  line  20,  for  an  atomic  element  read  a  chemical  equiyaleot 

Page  265,  line  10,/or  =  9  Y  read  =  ^  ». 

Page  271f  line  9,/or  twenty-four  inch,  read  20  four-inch. 

Page  273,  line  2,  dele  Fig.  6. 

Page  320,  line  2  from  the  bottom,  for  mde  read  yol.  iii. 

P^  327,.  line  13,  for  24"  read  54". 


The  notices  of  papers  read  before  the  Royal  Society  referred  to  in 
vol.  xviii.  p.  547  note,  will  be  found  in  the  present  volume,  p.  240. 
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I.  On  the  Spontaneous  Evolution  of  Sulphuretted  Hydrogen 
in  the  Waters  of  the  Western  Coast  of  Africa^  and  of  other 
Localities.  By  J.  Frederic  Daniell,  Fon  Sec.  /?.&, 
Prof  Chem.  in  King's  ColLj  London,  cj-c* 

1^1  Y  attention  was  first  directed  to  the  subject,  which  I 
^^-^  shall  have  the  honour  of  submitting  to  your  notice  this 
evening,  by  the  Lords  of  the  Admiralty,  in  April  1840,  who 
sent  me  eight  specimens,  and  afterwards  two  additional  spe- 
cimens, of  water  from  the  mouths  of  the  rivers  on  the  western 
coast  of  Africa,  with  directions  to  analyze  them,  for  the  pur- 
pose of -discovering,  if  possible,  the  cause  of  the  rapid  decay 
of  the  copper-sheathing  of  ships  employed  upon  those  stations. 

Of  the  comparative  duration  of  the  metal  in  the  vessels  of 
the  Royal  Navy  I  have  not  been  informed ;  but  the  evil  com- 
plained of  is  well  known  also  in  the  merchant  service;  and 
upon  inquiry  of  one  of  the  largest  copper-smelters  in  South 
Wales,  he  assures  me,  that  "  the  experience  of  between  thirty 
and  forty  years  has  led  his  mind  to  the  conclusion  that  sheath- 
ing copper  will  be  as  much  or  more  injured  on  a  nine  months' 
voyage  to  and  along  the  coast  of  Africa,  as  by  the  wear  of  from 
three  to  four  years  on  any  other  trade." 

The  first  water  which  I  examined  was  from  the  river  at 
Sierra  Leone,  taken  at  three  miles  from  the  mouth.  Upon 
drawing  the  cork  of  the  bottle  it  was  found  to  smell  very 
strongly  of  sulphuretted  hydrogen. 

*  Communicated  by  the  Author;  being  the  substance  of  a  Lecture  de- 
livered to  the  Members  of  the  Royal  Institution  on  the  21st  May,  1841. 
i^hil.  Mag.  S.  3.  Vol.  19.  No.  121.  July  1841.  B 
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2  Prof.  Daniell  ofi  Sulphuretted  Hydrogen 

The  first  idea  which  occurred  to  me  was  that  which  seems 
generally  to  have  prevailed  upon  similar  occasions,  viz.  that 
this  gas  was  generated  from  some  change  which  had  taken 
place  in  the  water  after  it  had  been  bottled,  from  the  decom- 
position of  some  animal  or  vegetable  substance;  but  a  little 
consideration  showed  that  this  explanation  was  ouite  inadmis- 
sible, inasmuch  as  the  sediment  from  the  whole  oottle  did  not 
exceed  half  a  grain,  the  water  being  perfectly  bright,  and  the 
salts  upon  evaporation  stK/aywAite;  and  the  water  became  per- 
fectly sweet  a  very  short  time  after  it  had  been  exposed  to  the 
air. 

Indeed  the  common  prejudice  regarding  the  unlimited  quan- 
tity of  sulphuretted  hydrogen  generated  by  putrescence  is  per- 
fectly untenable  and  is  founoed  solely  upon  its  disagreeable 
odour.  The  fact  is,  that  the  quantity  of  sulphur  in  animal 
matter  is  very  small,  and  the  nauseous  smell  is  by  no  means 
an  infallible  criterion  of  the  existence  of  the  gas. 

As  a  natural  product,  sulphuretted  hydrogen  has  hitherto 
been  known  chiefly  as  an  ingredient  in  certain  mineral  waters, 
such  as  those  of  Harrowgate  and  Aix  la  Cha]3elle ;  the  former 
of  which  contains,  per  gallon,  18*4  cub.  in.,  the  latter  4>4*0. 
The  comparatively  small  springs  which  ^ield  these  waters  are 
most  carefully  preserved  by  their  proprietors,  on  account  of 
their  medicinal  virtues,  and  the  profits  which  are  derived  from 
their  use. 

The  generation  of  the  gas  with  which  such  waters  are  im- 
pregnated, has  been  usually  attributed  to  some  unknown  action 
upon  pyrites  and  other  sufphurets  of  the  metals  in  the  interior 
of  the  earth,  and  it  is  pretty  generally  ascribed  to  volcanic 
action.  It  has  also  been  generally  known  that  sulphuretted 
hydrogen  is  produced  by  processes  of  decay  or  fermentation,  in 
which  large  quantities  of  animal  matters  are  concerned. 

To  the  natural  sources  of  this  ^s  must  now  be  added  the 
estuaries  of  many  large  rivers  and  immense  tracts  of  the  Ocean 
in  their  immediate  vicinity. 

The  results  of  the  analysis  of  the  African  waters,  sent  to  me 
from  the  Admiralty,  embracing  an  extent  of  fifteen  or  sixteen 
degrees  of  latitude,  are  as  follows : — 

Each  bottle  was  properly  corked  and  sealed,  and  contained 
about  three  imperial  pints;  the  water  in  all  was  perfectly 
bright,  and  had  deposited  very  little  sediment. 

The  first  which  1  examined  was  labelled,  **  Water  from  the 
river  at  Sierra  Leone,  taken  at  three  miles  from  the  mouth, 
by  Her  Majesty's  brigantine  Dolphin^  at  low  water,  spring 
tides,  on  the  ^4th  day  of  September,  1839,  during  the  rainy 
season.         (Signed)    "  Edward  Holland,  LAeui^^Comr  * 
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Upon  drawing  the  cork  of  this  bottle,  it  was  found  to  smell 
▼ery  strongly  of  sulphuretted  hydrogen.  The  sediment  in 
the  bottle  only  amounted  to  0*5  gram  of  vegetable  matter. 
Specific  gravity  to  1018*5.  The  results  of  the  analysis,  cal- 
culated for  the  imperial  gallon : 

Sulphuretted  hydrogen  •      6*18  cub.  in. 

ChlcM'ine 943*14  grs. 

Sulphuric  acid    .     .     .  82*70 

Lime 19*14 

Magnesia 27*68 

Ma^esium    ....  82*71 

Sodmm      .....  568*33 

1668*70 

There  was  also  a  trace  of  potassa  in  this  water. 

The  actual  amount  of  dry  salts  obtained  by  evaporation, 
was  1696*0  grains.  The  difference  between  this  and  the  re- 
sults of  the  analysis  is  not  more  than  usual  in  similar  cases, 
and  arises  from  the  impossibility  of  determining  the  exact 
mode  in  which  the  several  acids  and  bases  are  combined  in 
the  water,  and  from  the  difficulty  of  drying  the  salts  without 
the  decomposition  of  a  portion,  at  least,  of  some  of  them. 

2.  "  Water  from  the  river  Volja,  taken  [at  sea]  twenty-eight 
miles  from  the  mouth,  bearing  W.N.W.,  by  Her  Majesty's 
schooner  Fair  Rosamondf  latitude  5^  37' north,  longitude  1°  10' 
east,  on  the  4th  of  September,  1839;  season  not  rainv." 

This  water  also  smelt  very  strongly  of  sulphuretted  hydro- 
gen ;  the  sediment  in  the  bottle  aid  not  exceed  0*3  grain  of 
vegetable  matter.     It  contained,  per  gallon,^ 

Sulphuretted  hydrogen    .     •    •    •    •         6*99  cub.  in. 

Chlorine. 1411*68  grs. 

Sulphuric  acid 92*47 

Lime 14*75 

Magnesia 35*70 

MMuesium 12*46 

Sodium 916*20 

Potaasium a  trace 


2483-26 


Specific  gravity,  1025*4 
Amount  of  salts  from  evaporation      .     2480*0 
S.  *^  Water  from  the  river  Bonny,  taken  at  anchor  off  the 
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town  in  the  river,  by  Her  Majesty's  schooner  Pair  Itosamond^ 
on  the  9th  of  October,  1889,  about  the  conclusion  of  the  rainy 
season/' 

This  water  smelt  slightly  of  sulphuretted  hydrogen,  and 
the  sediment  in  the  bottle  weighed  only  0*4  grains,  and  con- 
sisted of  vegetable  matter.  The  results  of  the  analysis  were, 
per  gallon, 

Sulphuretted  hydrogen l-Slcub.in. 

Chlorine 970*92  grs. 

Sulphuric  acid 92*10 

Lime 17*36 

Magnesia 38*65 

Magnesium 47*11 

Sodium 55306 

Potassium •    •  a  trace 


1714*20 


Amount  of  salts  from  evaporation  •  1718 
Specific  gravity,  1019*0. 
4.  "  Water  from  tne  river  Mooney,  which,  empties  itself  in 
the  north-east  part  of  Corisco  Bay,  taken  from  about  a  mile 
inside  the  mouth,  by  Her  Majesty's  brig  NatUilusj  September 
4lh,  1839.  Rain  had  fallen,  but  the  rainy  season  cannot  be 
considered  to  have  set  in." 

This  water  did  not  smell  of  sulphuretted  hydrogen,  nor  did 
it  afford  any  trace  of  that  gas  upon  analysis ;  the  total  amount 
of  sediment  in  the  bottle  did  not  exceed  0*1  grain.  It  con- 
tained, per  gallon. 

Chlorine 1184*11  grs. 

Sulphuric  acid 109*80 

Lime 14*17 

Magnesia 44*78 

Magnesium •      28*54 

Sodium 732-82 

Potassium a  trace 


2113*72 


Amount  of  salts  from  evaporation      .        2104 

Specific  gravity,  1022'5« 
5.  "  Water  from  the  river  Gaboon,  taken  at  four  miles 
above  Parrot  and  Konicky  Island  [eight  miles  up  the  river], 
by  Her  Majesty's  brig  Nautilus^  September  10th,  1839.   Rain 
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had  fallen,  but  the  rainy  season  was  not  considered  to  have 
set  in.     Latitude  0°  15'  north,  longitude  9"^  33'  east.'' 

This  water  afforded  no  traces  of  sulphuretted  hydrogen. 
The  sediment  in  the  bottle  weighed  0*2  grain. 

Chlorine 1130*75  grs. 

Sulphuric  acid 12008 

Lime 23*05 

Magnesia 43*58 

Magnesium ,     •     •     •  35*41 

Sodium 683*00 

Potassium a  trace 


2035*87 


Amount  of  salts  from  evaporation      .     2060*0 

Specific  gravity,  1023. 
6.  "  Water  from  Cape  Lopez  Bay,  taken  by  Her  Majesty's 
brig  NautiltiSy  September  28th^  1839,  when  the  Cape  bore 
W.  by  N.  about  ten  miles.     The  rainy  season  had  com-- 
raenced." 

This  water  smelt  very  strongly  of  sulphuretted  hydrogen. 
The  sediment  in  the  bottle  weighed  onlv  0*1  grain,  and  con- 
sisted of  vegetable  matter.     It  contained,  per  gallon, 

Sulphuretted  hydrogen ll-69cub.in. 

Chlorine 1467*37  grs. 

Sulphuric  acid 115*20 

Lime 23*21 

Magnesia 41*02 

Magnesium 28*44 

Sodium 921*60 

Potassium a  trace 

Iodine .a  trace 


2596-84 


Amount  of  salts  from  evaporation      .  2576*00 
Specific  gravity,  1026. 
7.  "  River  Congo, — water  taken  off  Shark's  Point,  at  the 
entrance  of  the  river,  by  Her  Majesty's  sloop  Wolverine^  on  the 
1 1th  of  November,  1 839,  four  days  before  the  customary  rains, 
but  light  rains  having  already  taken  place." 

This  water  smelt  very  slightly  of  sulphuretted  hydrogen. 
The  sediment  in  the  bottle  weighed  0*4  grain,  and  consisted 
of  vegetable  matter.     It  contained,  per  gallon, 
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Sulphuretted  hydrogen 0*67cuban. 

Chlorine 106*11  grs. 

Sulphuric  acid 2*30 

Sodium 70*00 


178-41 


And  small  quantities  of  other  bases. 

Amount  of  salts  from  evaporation      .  188 

Specific  gravity,  1002-0. 

This  is  the  only  case  in  which  the  salts  were  discoloured 
by  vegetable  extractive  matter. 

8.  **  River  Congo,— -water  taken  about  thirty-five  miles  up 
that  river,  by  Her  Majesty's  sloop  Wolverine^  on  the  11th  of 
November,  18S9,  four  days  before  the  customary  rains,  but 
light  rains  having  already  taken  place." 

This  water  contained  no  sulpnuretted  hydrogen,  and  the 
sediment  in  the  bottle  was  only  O'i  grain. 

The  amount  of  saline  matter  was  only  eight  grains  per  gal- 
lon, and  consisted  of  the  chlorides  of  sodium,  and  magnesium, 
and  sulphate  of  soda,  chiefly. 

Specific  gravity  1000*3. 

"  Water  from  the  river  Bango,  taken  [at  sea]  at  forty  miles 
distance  from  the  mouth,  by  Her  Majesty's  schooner  Fair 
Hosamond,  on  the  26th  of  December,  1839,  in  latitude  8^  33' 
south,  and  longitude  12°  41'  east"  The  water  emitted  a  very 
strong  smell  ofsulphuretted  hydrogen.  It  was  tolerably  clear, 
but  contained  a  little  gelatinous  matter  which  resembled  spawn 
of  fish.  The  sediment  of  the  whole  •  bottle,  however,  when 
dried,  only  weighed  fifteen  hundredths  of  a  grain. 

The  results  of  the  analysis,  calculated  for  the  imperial  gal- 
lon, were  as  follows : — 

Specific  gravity,  1026*4. 
Sulphuretted  hydrogen,  4*35  cub.  in. 
Drv  salts,  2736  grs. 

Consisting  of  chlorine  1513,  sulphuric  acid  128,  neutralized 
by  bases,  which  have  not  yet  been  quantitatively  determined, 
but  consisting  of  sodium,  magnesium,  calcium,  &c. 

"  Water  taken  by  Her  Majesty's  schooner  Fair  Rosamond^ 
off  the  Bango  and  Dande  rivers,  latitude  8°  29^  south,  longi- 
tude 12°  33' east,  on  the  29th  of  December,  1839." 

Results  of  analysis, — specific  gravity,  1026*7. 

There  was  no  odour  of  sulphuretted  hydrogen  in  this  water, 
neither  was  anv  detected  by  tests.  The  quantity  of  dry  saline 
matter,  per  gallon,  2624  grains,  consisting  of  chlorine  1430^ 
sulphuric  acid  125*4,  neutralized  by  the  same  bases. 
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It  is  difficult  to  conceive  how  such  a  striking  and  important 
fact  as  the  impregnation  of  the  waters  of  the  Ucean,  upon  such 
a  long  line  of  coast,  with  this  deleterious  gas,  should  so  long 
have  escaped  observation. 

Upon  searching  for  evidence  of  a  similar  phaenomedon 
having  been  observed  before,  I  have  found  in  the  Phil.  Trans. 
for  1819,  a  memoir  by  the  late  Dr.  Marcet,  "  On  the  Specific 
Gravity  and  Temperature  of  Sea  Waters  in  difi*erent  parts  of 
the  Ocean,  and  in  particular  Seas,  with  some  account  of  their 
saline  contents."  Out  of  sixteen  specimens  which  he  exa- 
mined he  found  one  which  was  brought  by  Capt.  Basil  Hall 
from  the  Yellow  Sea  in  the  Chinese  Ocean,  which,  from  the 
account  which  he  has  given,  must  probably  have  been  as 
highly  charged  with  sulpnuretted  hydrogen  as  those  from  the 
coast  of  Africa;  and  he  observes,  "  there  is  something  in  the 
development  of  sulphur  in  sea  water  which  is  by  no  means 
well  understood." 

He  also  noticed  that  a  specimen  obtained  by  Mr.  Schmidt- 
meyer,  going  to  South  America,  from  lat.  10°  5(/  N.,  long. 
34°  26'  W.,  had  an  hepatic  smell,  and  had  blackened  the  bot- 
tle in  which  it  was  contained. 

Since  the  report,  which  I  had  the  honour  to  make  to  the 
Admiralty,  Sir  William  Burnett  has  been  kind  enough  to 
furnish  me  with  the  analysis,  by  Mr.  Garden,  of  some  bottles 
of  water,  collected  by  Dr.  Mc  William,  of  Her  Majesty's  ship 
Scouif  in  March  1839,  in  the  river  Bonny,  of  which  the  fol- 
lowing are  the  particulars : — 

1.  Water  from  the  river  Bonny,  taken  half  a  mile  inside 
the  mouth,  on  the  12th  of  March,  1839,  just  before  the  com- 
mencement of  the  rainy  season. 

Each  imperial  pint  of  this  water  contained  245  grains  of 
saline  matter,  consisting  of  the  following  ingredients: — 
Sulphate  of  Magnesia 
Do.  of  Lime 
Muriate  of  Magnesia 
Do.  of  Soda 
Sulphuretted  hydrogen,  *680  cub.  in.  (5*44  cub.  in.  per  gall.) 

2.  Water  from  the  mouth  of  the  river  Lagos,  lat  6°  20'  N., 
long.  8°  8(y  E.  nearly. 

Each  pint  yielded  240  grains  of  saline  matter,  consisting  of 
the  same  ingredients  as  those  above  mentioned ;  also 
Sulphuretted  hydrogen,  1*844 cub.  in.  (14-752 cub.  in.  per  gall.) 

3.  Water  from  the  river  Bonny,  taken  oflF  Ju-ju  Point,  on  the 
12th  of  March,  1839,  about  one  mile  and  a  half  within  the  mouth. 

One  pint  yielded  200  grains  of  saline  substances,  as  above,  and 
Sulphuretted  hydrogen,  *505  cub.  in.  (4*04  cub.  in.  per  gall.) 
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4.  Water  from  off  Grand  Bonny,  about  three  miles  inside 
the  mouth  of  the  river. 

One  pint  yielded  208  grains  of  the  same  salts  as  above,  and 
Sulphuretted  hydrogen,  S*500cub.  in.  (28*0cub.  in.  per  gall.) 

These  results  appear  to  have  attracted  no  particular  atten- 
tion  at  the  time  when  they  were  obtained.  The  old  hypotliesis 
of  the  corruption  of  the  specimens  probably  sufficed  for  their 
explanation  upon  this  as  upon  other  occasions. 

Thus  there  can  be  no  doubt  of  the  important  fact  of  the  im- 
pregnation of  the  waters,  upon  the  western  coast  of  Africa, 
with  sulphuretted  hydrogen,  to  an  amount,  in  some  places, 
exceeding  that  of  some  of  the  most  celebrated  sulphur  springs 
in  the  world;  and  of  the  injurious  effect  of  such  impregnation 
upon  the  copper  sheathing  of  ships,  you  will  be  convinced  by 
the  experiments  upon  the  table. 

Were  any  further  evidence  wanting,  it  would  be  found  in 
the  state  of  the  copper  of  the  Botietta^  which  lately  returned 
from  the  coast  of  Africa,  and  three  sheets  of  which  were  sent 
to  me  from  the  Admiralty  for  examination. 

Nos.  1  and  2  were  pretty  uniformly  covered  on  the  outside 
with  a  green  crust ;  and  on  the  inside,  as  evenly,  with  a  black 
crust  of  equal  thickness.  They  were  very  thin  in  parts,  and 
here  and  there  eaten  into  holes. 

No.  3  was  in  a  much  worse  state,  very  thin,  and  eaten  into 
large  holes.  In  most  parts  it  was  easily  broken  by  the  fingers ; 
one  of  the  holes,  of  an  irregular  shape,  measured  eighteen  inches 
in  length  by  four  inches  and  a  half  in  width.  This  sheet  was 
covered  with  green  crust  chiefly,  on  both  sides;  but  there  were 
evident  traces  of  the  black  crust  on  the  inner  side. 

Upon  analysis  the  black  crust  was  found  to  consist  of  sul- 
phuret  of  copper,  and  the  green  of  oxy-chloride  of  copper. 

There  can  be  no  doubt  that  the  injury  to  the  copper  arose, 
primarily,  from  the  sulphuretted  hydrogen.  The  gas  appears 
to  have  penetrated  to  the  inner  siae  of  the  copper,  where  in 
Nos.  J  and  2  it  has  been  protected  from  the  further  action  of 
the  sea  water;  by  which,  on  the  outside,  the  sulphuret  was 
converted  into  chloride  of  copper.  This  conversion  appears 
to  have  taken  place  on  both  sides  in  No.  3,  from  the  sea  water 
having  penetrated  to  the  under  side  in  consequence  of  its  greater 
corrosion. 

That  the  establishment  of  this  fact  is  of  some  importatice  in 
a  mercantile  point  of  view,  I  think  I  shall  be  able  to  convince 
you  by  two  anecdotes  which  I  will  now  narrate. 

Not  many  years  ago  a  new  copper  company  set  up  a  smelt- 
ing establishment  and  brought  their  copper  to  market:  some 
merchants  purchased  sheathing  of  them,  coppered  their  ship, 
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and  sent  her  to  the  coast  of  Africa.  Not  many  months 
after  she  returned  to  this  country  with  the  copper  in  the  same 
state  as  that  of  the  Bonetla.  The  merchants  said — the  copper- 
smelters  were  inexperienced  hands — they  did  not  know  their 
business — the  sheathing  was  improperly  made;  and  they 
brought  an  action  against  the  Company,  who  defended  it. 

Upon  the  trial  some  of  the  most  eminent  scientific  men  of 
the  day  gave  evidence  that  there  was  nothing  in  sea  water 
which  could  produce  such  rapid  decay  of  the  copper,  and  the 
jury,  in  consequence,  brought  in  a  verdict  for  the  plaintiffs. 

Now  contrast  this  with  what  has  happened  to  me  within  the 
last  two  months.  An  eminent  copper  manufacturer  of  South 
Wales,  who  had  heard  nothing  of  the  investigations  in  which 
I  had  been  engaged,  came  to  me  with  two  samples  of  copper 
vi^hich  he  wished  me  to  analyze.  The  one  was  of  new  metal, 
and  the  other  part  of  the  sheathing  of  a  ship  which  had  just 
returned  from  Africa,  after  a  voyage  of  a  few  months,  the 
copper  being  in  a  state  of  utter  decay.  He  stated  that  the 
merchants  to  whom  the  vessel  belonged  had  brought  an  action 
against  him  on  the  plea  that  the  copper  was  imperfect,  and  he 
wished  for  my  evidence  upon  the  subject,  as  he  well  knew  that 
the  copper  was  perfectly  good.  Instead  of  entering  upon  the 
analysis  I  gave  him  a  copy  of  my  report  upon  the  waters  of 
the  western  coast  of  Africa,  which  he  sent  to  the  merchants, 
and  nothing  further  has  been  heard  of  the  action. 

But  it  may  perhaps  be  said  that  little  good  will  arise  from 
pointing  out  the  evil,  unless  we  are  prepared  to  propose  some 
remedy  for  it ;  not  that  I  agree  to  this,  for  the  existence  of  the 
sulphuretted  hydrogen  is  so  readily  tested,  even  by  the  rough- 
est hands,  that  notning  can  be  easier  than  to  ascertain  and 
avoid  the  localities  in  which  it  prevails;  motives  for  which 
course  I  shall  presently  mention,  of  greater  weight  even  than 
the  preservation  of  the  copper. 

But  I  think  that  the  remedy  is  certainly  within  our  com- 
mand. The  principle  of  protection  proposed  by  Sir  H.  Davy 
is  quite  applicable  to  it,  with  some  additional  precautions  sug- 
gested by  this  newly-discovered  destructive  agent,  which  had 
escaped  his  notice. 

It  is  well  known  that  his  experiments  were  conducted  chiefly 
with  zinc  and  iron,  as  the  active  elements  of  protection ;  and 
he  was  led  ultimately  to  the  adoption  of  cast  iron,  *<  as  the 
substance  which  is  cheapest,  most  easily  procured,  and  like- 
wise most  fitted  for  the  protection  of  the  copper*." 

But  this  is  not  the  case  with  regard  to  sulphuretted  hydro- 

*  Phil.  Trans.,  June  1824,  p.  243;  [or  Phil.  Mag.  First  Series,  vol.  Ixv., 
p.  204.] 
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Sin ;  for  as  you  will  see  by  reference  to  the  experiments  upon 
e  table,  copper  is  much  more  acted  upon  by  this  substance 
than  iron,  the  latter  being  protected  by  the  former ;  and  the 
fact  is,  that  a  piece  of  iron  attached  to  copper  increases  the 
corrosion  of  the  latter. 

Zinc,  on  the  contrary,  protects  the  copper  not  only  from 
the  action  of  the  chlorides  in  sea  water,  but  also  from  the  sul- 
phuretted hydrogen.  This  I  have  ascertained  by  the  experi- 
ments before  you,  and  you  will  find  that  the  results  are  in 
perfect  accordance  with  the  electric  order  of  these  two  metak 
in  solutions  of  the  hydrosulphurets,  as  given  by  Dr.  Faraday 
in  his  last  beautiful  number  of  Experimental  Researches  in 
Electricity. 

In  the  table  which  he  gives,  iron  stands  far  above  copper 
in  electro-negative  order,  and  zinc  below  it;  lead  is  also  above 
zinc ;  while  in  the  usual  acid  solutions  both  zinc  and  iron  stand 
below  that  metal*. 

Now  I  have  long  been  of  opinion  that  the  experiment  of 
voltaic  protection  in  the  Navy  was  much  too  lightly  abandoned 
upon  the  first  appearance  of  an  unforeseen  difficulty,  and  that 
under  circumstances  otherwise  the  most  encouraging. 

This  abandonment,  you  are  aware,  arose  from  what  might 
be  called  over-protection,  by  which  the  attachment  of  weeds 
and  zoophytes  to  the  ships'  bottoms  was  found  to  be  encou- 
raged. Earthy  deposits  were  formed,  and  to  these  the  weeds 
and  shell-fish  attached  themselves. 

The  remedy  for  this  appears  to  me  to  be  obvious:  instead 
of  keeping  the  protectors  always  in  contact  with  the  copper, 
let  them  be  insulated,  and  let  them  only  be  brought  into  me- 
tallic contact  when  occasion  may  require.  This  might  i^adily 
be  done  by  means  of  a  bolt  or  bar,  forming  in  one  position  a 
continuous  conductor  between  the  two  metals,  and  in  another 
breaking  the  connexion :  this  might  always  be  at  the  com- 
mand of  the  proper  officer  of  the  ship.  Nothing  could  then 
be  easier  than  to  throw  off  the  protection  when  the  ship  is  in 
harbour,  or  in  situations  particularly  liable  to  deposits ;  or  to 
restore  it  upon  going  to  sea,  or  arriving  in  latitudes  where 
sulphuretted  hydrogen  might  be  found  to  exist. 

But  the  protectors  should  invariably  be  of  zinc,  which 
would  preserve  the  copper  not  only  from  the  effects  of  sea 
water  generally,  but  from  the  more  destructive  agency  of 
sulphuretted  hydrogen,  which  I  shall  presently  give  you  my 
reasons  for  concluding  not  only  prevails  upon  the  western 
coast  of  Africa,  .but  in  other  situations  where  it  has  never  yet 
been  suspected.  Indeed  I  incline  to  believe  that  it  would 
♦PhU.Trans.,  1840,  p.  113. 
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only  be  found  necessary  to  use  protection  in  sulphuretted 
waters*  and  that  the  action  of  the  chlorides  alone  mieht  not 
be  more  than  sufficient  to  preserve  the  copper  from  deposits. 

Another  motive  for  this  change  may  be  round  in  an  observa* 
tion  of  Sir  H.  Davy,  viz.  that  a  <<  common  cause  of  the  adhe- 
sion of  weeds  or  sheiUfish  is  the  oxide  of  iron  formed  and 
deposited  round  the  protector.  In  the  only  experiment  in 
which  zinc  has  been  employed  for  this  purpose  in  actual  ser- 
vice, the  ship  returned,  after  two  voyages  to  the  West  Indies 
and  one  to  Quebec,  perfectly  clean.  The  rudder,  which  was 
not  protected,  was  corroded  in  the  usual  way*/' 

But  it  is  impossible  not  to  speculate  upon  the  origin  of  the 
deleterious  gas  which  has  thus  been  found  to  contaminate  the 
sea  upon  the  western  coast  of  Africa,  in  such  enormous  quan-> 
tities  through  an  extent  of  more  than  sixteen  degrees  of  lati- 
tude, and  reaching  in  places  forty  miles  seawards,  making 
altogether  an  area  of  40,000  square  miles  in  extent. 

^^Icanic  action  seems  naturally  to  suggest  itself,  but  is 
negatived  by  the  absence  of  any  other  indications  of  such  ao* 
tion  along  this  line  of  coast;  and  I  think  that  I  shall  be  able 
to  convince  you,  by  the  evidence  of  experiment,  that  the  real 
cause  may  be  found  in  the  mutual  reaction  of  the  immense 
quantities  of  vegetable  matters,  which  must  be  brought  down 
by  the  intertropical  rivers,  and  the  sulphates  of  the  sea 
water. 

The  idea  was  suggested  to  me  by  a  memoir  of  my  friend 
Dr.  Malcolmson,  in  the  Greological  Transactions,  who  specu- 
lates upon  the  origin  of  sulphuretted  hydrogen  in  the  saline 
lakes  of  different  parts  of  the  world,  being  ^^  the  decomposi- 
tion of  the  sulphates  in  the  water  by  the  carbonaceous  matter 
of  vegetables."  I  tested  this  hypothesis  by  experiments  in 
the  following  way  :— 

On  the  Snd  of  November,  1840,  I  placed  a  quantity  of 
newly-fallen  leaves  in  three  glass  jars  capable  of  holding  about 
a  gallon  and  a  half  of  water. 

No.  1.  Upon  the  first  1  poured  about  a  gallon  of  New 
River  water. 

No.  2.  Upon  the  second  I  poured  about  the  same  quantity 
of  the  same  water,  in  which  three  ounces  of  common  salt  had 
been  dissolved. 

No.  8.  Upon  the  third,  the  same  quantity  of  water,  in  which 
three  ounces  of  crystallized  sulphate  of  soda  had  been  dis- 
solved. 

The  three  jars  were  then  placed  in  a  warm  chamber,  the 

*  Phil.  TrsQi.  1896,  p.  ^S^)  [or  PhU.  Mi«.  Second  Senes»  vol.  i.,  p.  198.] 
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temperature  of  which  varied  from  about  70^  to  110%  and  the 
water  was  filled  up  from  time  to  time,  as  it  evaporated,  and 
the  mixture  well  stirred. 

Upon  examining  them  on  the  5th  of  February,  1841  (three 
months),  the  following  was  found  to  be  the  state  of  the  jars : — 

No.  1  had  a  very  disagreeable  odour,  but  produced  no 
change  whatever  upon  paper  soaked  in  acetate  of  lead. 

No.  2  was  perfectly  sweet,  and  possessed,  indeed,  a  rather 
agreeable  odour.  It  produced  no  effect,  of  course,  upon  the 
test  paper. 

No.  3  liad  a  most  insupportable  sickening  odour,  much 
worse  than  that  of  pure  sulphuretted  hydrogen,  and  instantly 
blackened  paper  soaked  in  acetate  oi  lead,  throwing  down 
sulphuret  of  lead  with  a  metallic  lustre. 

You  will  have  an  opportunity  of  observing,  by  the  speci* 
men  upon  the  table,  that  the  evolution  of  the  gas  is  at  this 
moment  proceeding  with  increased  energy. 

Now,  the  analysis  of  sea  waters  generally,  and  these  analyses 
in  particular,  show  that  a  large  proportion  of  sulphates  is  al- 
ways present  in  them,  and  there  is  no  doubt  that  extensive 
mud-banks  must  be  formed  at  the  mouths  of  the  African 
rivers,  within  the  tropics,  consisting  chiefly  of  vegetable  de- 
tritus, in  the  exact  state  which  is  most  favourable  to  this 
action. 

Since  my  report  to  the  Admiralty  upon  this  subject,  I  have 
seen  a  paper  in  the  Anfiales  de  Chimie  for  July  1840,  by 
Dr.  Amed^e  Fontan,  upon  the  Mineral  Waters  of  Germany, 
Belgium,  Switzerland,  and  Savoy,  in  which  he  suggests  that 
the  presence  of  sulphuretted  hydrogen  in  those  waters  may 
be  owing  to  the  decomposition  of  the  sulphates  which  they 
contain  by  vegetable  matters,  remarking  that  many  of  them 
which  contain  little  of  that  gas  at  their  sources,  acquire  more 
of  it  by  their  flow  through  the  soil.  There  can  be  little 
doubt  of  the  correctness  of  this  opinion. 

A  curious  fact  has  also  been  brought  to  my  recollection  by 
my  friend  Mr.  Fownes,  with  regard  to  a  spontaneous  change 
which  a  solution  of  litmus  undergoes  when  excluded  from  the 
air.  It  becomes  of  a  brown  colour,  but  still  it  is  not  spoiled, 
for  the  colour  is  restored  by  exposure  to  air. 

M.  Vogel  (Ed.  Journ.  31, 1.57),  who  inquired  into  this  curi- 
ous fact,  found  that  the  solution  always  contains  sulphate  of 
potassa,  which  becomes  gradually  decomposed  with  the  gene- 
ration of  sulphuretted  hydrogen,  to  the  deoxidating  )>ower 
of  which  the  effect  is  owing.  A  few  drops  of  sulphuretted 
hydrogen  solution  produces  the  same  effect  in  a  few  days ;  the 
solution  becomes  brown,  but  speedily  recovers  its  colour  upon 
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Contact  with  air.  This  case  is  the  more  interesting,  inas- 
much as  the  gas  never  exists  in  sufficient  proportion  to  be 
discoverable  by  the  usual  tests;  nevertheless  it  acts  in  these 
minute  quantities  with  great  energy. 

But  now  a  much  more  important  and  interesting  question 
than  that  of  the  preservation  of  the  copper  sheathing  of  ships 
forces  itself  upon  our  attention,  and  that  is,  whether  the  ex- 
btence  of  this  deleterious  gas  in  the  atmosphere,  which  must 
necessarilv  accompany  its  solution  in  the  waters,  may  not  be 
connectect  with  that  awful  miasma  which  has  hitherto  proved 
so  fatal  to  the  explorers  and  settlers  of  the  deadly  shores  of 
Africa;  and  whether,  if  so,  science  may  not  suggest  something 
to  palliate  an  evil  which  is  so  dreadfully  opposed  to  the  pro* 
gress  of  civilization  in  those  parts. 

When  this  matter  was  first  brought  under  my  considera- 
tion, I  was  surprised  that  the  nauseous  smell  which  must 
necessarily  be  evolved  from  water  impregnated  with  this  gas, 
at  so  high  a  temperature  as  that  of  the  equinoctial  regions, 
had  not  been  noticed.  I  have  in  consequence  turned  to  some 
of  the  accounts  of  ihe  late  travels  in  Africa,  to  seek  for  evi- 
dence upon  the  subject;  and  in  the  narrative  of  an  expedition 
into  the  interior  of  Africa,  by  the  river  Niger,  by  Macgregor 
Laird  and  R.  A.  B.  Oldfield,  I  found  the  following  important 
observations: — 

"The  principal  predisposing  causes  of  the  awful  mortality, 
were  in  my  opinion  the  sudden  change  from  the  open  sea  to 
a  narrow  and  winding  river,  the  want  of  the  sea  breeze,  and 
the  prevalence  of  the  deadly  miasma,  to  which  we  were  nightly 
exposed  from  the  surrounding  swamps.  2'he  horrid  sicken- 
ing stench  of  this  miasma  must  be  experienced  to  be  conceived : 
no  description  of  it  can  convey  to  the  mind  the  wretched  sen- 
sation that  is  felt  for  some  time  before  and  after  daybreak. 
In  those  accursed  swamps^  one  is  oppressed  not  only  bodily 
but  mentally  with  an  indescribable  feeling  of  heaviness,  lan- 
guor, nausea,  and  disgust,  which  requires  a  considerable  effort 
to  shake  off." 

Now,  these  observations  were  made  in  the  very  locality 
from  which  some  of  the  first  waters  which  I  examined  were 
taken,  and  nothing  more  is  wanting  to  identify  the  cause  of 
the  rapid  decay  ol  the  ship's  copper  with  that  of  the  mortality 
of  the  climate. 

It  has  been  experimentally  found,  that  so  small  a  mixture 
as  a  fifteen  hundredth  part  of  sulphuretted  hydrogen  in  the 
atmosphere,  acts  as  a  direct  poison  upon  small  animals,  and 
the  sensations  of  languor  and  nausea,  described  by  Mr.  Laird, 
are  exactly  those  which  have  been  experienced  by  persons 
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who  have  been  exposed  to  the  deleterious  influence  in  small 
quantities. 

The  symptoms,  in  cases  where  this  gas  is  breathed  in  a 
state  of  concentration,  well  known  to  medical  men,  are  sud- 
den weakness,  and  all  the  signs  of  asphyxia :  the  individual 
becomes  suddenly  weak  and  insensible ;  falls  down,  and  almost 
immediately  expires.  When  the  exposure  has  been  loo 
slight  to  cause  serious  mischief*  the  individual  is  affected  with 
sickness,  colic,  imperfectly  defined  pains  in  the  chest,  and 
lethargy* 

Now,  can  it  be  deemed  at  all  improbable,  that  an  aj^nt 
which  is  capable  of  acting  with  this  severity  as  a  direct  poison, 
when  mixed  in  no  very  high  proportion  with  the  atmosphere^ 
should  in  still  less  Quantities  greatlv  aggravate  symptoms  of 
morbific  action,  whicn  may  possibly  have  their  origin  in  other 
causes  ? 

In  the  very  expedition,  from  the  account  of  which  I  have 
already  quoted  an  extract,  a  circumstance  occurred  which  is 
almost  an  experimental  confirmation  of  these  views.  The 
first  sickness  and  death  in  that  expedition  began  at  Cape 
Coast  Castle ;  three  died  before  entering  the  river,  and  the 
great  mortality  took  place  before  they  reached  Damuggoo  at 
the  extreme  upper  end  of  the  Delta,  where  they  only  arrived 
after  a  voyage  of  thirty-six  days,  from  the  11th  of  October  to 
the  16th  of  November,  or  twenty-seven  from  their  entrance 
of  the  river  N6n. 

Now  it  is  worthy  of  remark,  that  just  before  entering  the 
river,  in  ^<  breaking  out"  the  hold  to  lighten  the  vessel,  it  was 
discovered  that  the  cause  of  a  **  disagreeable  vapour,  from 
which  they  had  long  suffered,  was,  that  the  bags  containing 
the  cocoa  had  rotted,  and  the  cocoa  had  fallen  into  the  salt 
bilge-water  and  there  become  putrid."  Here,  then,  were  the 
very  ingredients  for  generating  sulphuretted  hydrogen  to  a 
great  extent;  the  lamentable  consequence  has  been  before 
alluded  to,  namely,  three  deaths  before  reaching  the  river. 
There  can  indeed  be  no  doubt  that  the  disagreeable  effluvium 
of  bilge-water,  which  has  been  carelessly  Im  undisturbed  for 
a  long  time,  is  owing  to  similar  decomposition. 

It  is  doubtless  the  same  circumstance  which  renders  Man- 
grove swamp  so  notoriously  pestilential  in  all  parts  of  the 
torrid  zone.  The  tree  only  thrives  in  salt  water,  and  its  |de- 
cayed  foliage  is  admirably  adapted  to  act  upon  the  sulphates; 
and  it  accounts  for  the  observation,  that  malarious  fevers  di- 
minish as  we  recede  from  the  coast,  although  swamp  and  rank 
vegetation  may  still  prevail. 

The  close  investigation  which  I  have  since  given  to  the 
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subject,  more  and  more  convince  me  that  the  worst  cases  of 
malaria  are  generally  connected  with  the  presence  of  sulphu* 
retted  hydrogen. 

There  is  a  paper  in  the  twenty-ninth  volume  of  the  Annates 
de  Chimie^  p.  225,  by  Signor  Gaetano  Giorgini,  which  offers 
the  strongest  possible  confirmation  of  mv  opinion. 

**  The  observation  of  Signor  Giorgini  has  been  drawn  to 
the  state  of  the  atmosphere  in  the  neighbourhood  of  certain 
marshes  on  the  borders  of  the  Mediterranean ;  and  by  refer- 
ence to  historical  data,  and  various  documents,  be  has  proved 
the  great  importance  which  attaches  to  the  circumstance  of 
their  being,  at  times,  in  communication  with  the  sea,  so  as  to 
have  a  mixture  formed  between  their  waters  and  that  of  the 
sea.  Both  ancient  and  modern  authors  have  announced  the 
fatal  effects  produced  in  the  neighbourhood  of  marshes  by 
such  mixture,  and  a  local  belief  of  the  same  thing  is  very 
common  and  strong. 

<<On  Uie  south  of  the  Ligurian  Apennines  is  a  marshy 
shore,  bounded  on  the  west  for  twelve  miles  by  the  Mediter* 
ranean,  on  the  south  by  the  river  Serchio,  and  on  the  north 
by  the  river  Frigido,  a  torrent  commencing  at  the  foot  of  the 
Apennines,  in  the  state  of  Massa  di  Carrara,  running  three 
or  four  miles  over  the  land,  and  then  falling  into  the  sea. 
The  plain  is  from  two  to  four  miles  wide,  and  is  traversed  by 
a  few  short  torrents  or  streams ;  among  these  are  the  rivers 
Camajore  and  Pietra  Santa,  which  divide  the  plain  into  three 
separate  basins.  The  rain  and  spring  waters  which  flow  into 
the  three  basins  mentioned,  are  slowly  discharged  into  the  sea 
by  natural  or  artificial  canals,  penetrating  the  sand-bank, 
which  exist  on  the  sea-side. 

*^  The  level  of  these  stagnant  waters  is  between  that  of  high 
and  low  water  in  the  neighbouring  sea ;  there  being  but  little 
difference  between  these  two  points  in  this  part  of  the  Medi- 
terranean. In  this  state  of  things,  formerly,  when  the  waters 
of  the  sea  arose  from  any  circumstance  (unless  the  waters  of 
the  marshes  were  very  high),  they  used  to  return  up  the 
ditches,  fill  the  basins,  and  inundate  the  country  to  the  foot 
of  the  mountilins ;  and  with  a  north-west  wind,  the  waves  used 
to  penetrate  with  force  to  the  interior.  The  mixture  of  fresh 
and  salt  water  thus  formed,  and  which,  in  summer,  was  rarely 
changed,  became  corrupt,  and  spread  infection  over  the  neigh- 
bourhood of  the  most  destructive  kind. 

<<  In  this  way  the  effects  of  the  malaria  were  reproduced 
annually  in  the  neighbouring  country,  with  all  their  peculiar 
horrors:  the  population,  though  small,  presented  feeble  infants 
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and  diseased  men,  old  age  being  unknown  there.  All  attenipts 
to  avoid  the  scourge,  by  living  on  the  hills,  or  in  the  interior, 
and  frequenting  the  plain  when  the  business  of  cultivation 
essentially  required  it,  were  vain ;  they  fell  victims  to  the  ex- 
tensive influence,  and  such  being  the  effects  upon  the  inhabit- 
ants of  the  country,  much  more  rapidly  did  a  stranger  suffer 
from  the  deleterious  atmosphere;  one  single  night,  in  the 
months  of  August  and  September,  causing  inevitable  death  to 
the  incautious  traveller  who  should  stay  so  long  in  this  in- 
fested country. 

"  Such  was  the  state  of  things  until  1741.  Previous  to  that 
time,  Gemignano  Rondelli,  Eustachio  Manfredi,  and  Bernar- 
dino Zendroni  had  successively  insisted  upon  the  necessity  of 
excluding  the  sea  from  these  marshes;  and,  in  1740-41,  a 
sluice,  with  folding  doors,  competent  to  give  emission  to  the 
waters  of  the  marsh,  but  prevent  the  sea  from  entering,  was 
constructed  at  the  mouth  ot  the  Burlamacca.    The  most  com- 

Elete  and  unexpected  success  immediately  followed  upon,  and 
as  continued  with,  this  work.  The  year  after  its  completion 
there  were  no  appearances  of  the  terrible  maladies  which  pre- 
viously appeared  every  year.  The  inhabitants  soon  recovered 
health,  and  the  land  being  very  fertile,  the  population  rapidly 
increased,  and  is  increasing  at  this  moment  Viareggio  has 
become  a  considerable  town,  and  so  completely  has  all  sus- 
picion of  its  insalubrity  disappeared,  that  the  first  families  of 
the  city  of  Lucca  have  for  years  built  their  summer  seats 
there.  Notwithstanding  the  success  of  the  precautions  taken 
at  this  part  of  the  coast,  the  neighbouring  parts  were  long  left 
a  prey  to  the  destroying  influence  of  the  mixed  marsh-waters ; 
and  the  inhabitants  around  the  basins  of  M otrone  and  Perotto 
were  not  considered  until  the  year  1804.  In  the  years  1809, 
1810,  1811,  similar  means  were  taken,  with  the  best  effects 
to  the  inhabitants  of  Montignosso  and  the  vicinity ;  and,  in 
1812,  a  sluice  was  constructed  on  the  Cinquale,  which  per- 
fected the  arrangements  in  this  part,  and  made  a  large  portion 
of  country  equally  healthy  with  Viareggio.  To  complete  the 
arrangement,  it  was  now  only  required  to  guard  the  ditches 
of  Motrone  and  Tonfalo  with  sluices ;  the  former  was  finished 
in  1819,  and  the  latter  in  1821.  Since  that  time  the  diseases 
of  malaria  have  ceased  so  entirely  at  all  points,  that  no  other 
dangers  are  now  incurred  regarding  the  insalubrity  of  the 
atmosphere  than  such  as  may  arise  from  neglect  of  these 
sluices,  which  the  inhabitants  of  the  country  should  regard  as 
their  palladium." 

I  should  weary  you  were  I  to  multiply  examples  of  the 
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existence  of  the  worst  forms  of  malaria  in  places  which  we 
now  know  combine  all  the  necessary  circumstances  for  the 
generation  of  sulphuretted  hydrogen. 

In  Mr,  Darwin's  interesting  Journal  of  the  Voyage  of  the 
Adventure  and  Beagle,  he  speaks  of  several  such  places,  espe- 
cially in  Peru,  in  connexion  with  the  well-known  effects 
of  miasma,  but  not  with  any  suspicion  of  the  real  origin  of  the 
evil.  He  mentions  repeatedly  the  efflorescence  of  the  sul- 
phates of  magnesia  and  soda  upon  the  soil,  and  that  the  mud 
of  the  saline  lakes  is  <<  black,  and  had  a  foetid  odour.''  The 
inhabitants  suffer  in  such  situations  from  the  worst  attacks  of 
ague.  He  remarks,  p.  447,  ^'  The  attacks  of  illness  which 
arise  from  miasma  never  fail  to  appear  most  mysterious.  The 
miasma  is  not  always  produced  by  a  luxuriant  vegetation  with 
an  ardent  climate;  for  many  parts  of  Brazil,  even  where  there 
are  marshes  and  a  rank  vegetation,  are  much  more  healthy 
than  this  sterile  coast  of  Peru." 

<<  So  difficult  is  it  to  judge  from  the  aspect  of  a  country 
whether  or  not  it  is  healthy,  that  if  a  person  had  been  told  to 
choose  within  the  tropics  a  situation  appearing  favourable  for 
health,  verv  probably  he  would  have  named  this  coast." 

Its  peculiarity  consists  in  the  saline  efflorescence  upon  its 
soil,  of  which  the  sulphates  of  magnesia  and  soda  constitute  a 
very  great  proportion. 

May  not  the  jungle  fever  in  India  depend  for  much  of  its 
malignity  upon  the  same  cause?  The  soil  in  many  parts 
abounds  not  only  with  the  nitrates  of  potassa  and  soda,  but 
the  sulphates  of  soda  and  magnesia;  these  become  washed 
down  by  the  periodical  rains,  and  mingling  with  the  decaying 
leaves,  the  mutual  reaction  takes  place. 

Is  it  not  worthy  again  of  the  most  exact  inquiry,  whether 
the  fevers  which  periodically  afflict  the  cities  of  New  York 
and  Charlestown,  in  America,  may  not  be  connected  with  the 
mixture  of  animal  and  vegetable  substances  with  the  sea  water 
in  their  lower  districts,  where  they  usually  originate;  and 
whether  an  attentive  examination  will  not  prove,  that  the  same 
impregnation  of  sulphuretted  hydrogen,  which  we  have  esta- 
blished upon  the  African  coast,  exists  at  the  mouth  of  the  vast 
rivers  of  the  American  continent?  Indeed  I  have  been  in- 
formed by  an  officer  high  in  the  naval  service,  that  during 
the  war  instances  of  the  rapid  decay  of  ships'  copper,  similar 
to  that  upon  the  African,  were  noticed  upon  the  West-Indian 
station. 

To  bring  the  matter  nearer  home.  Is  it  impossible  that 
the  minor  insalubrity  of  parts  of  our  own  coast,  such  as  that 
of  Essex,  may  have  some  reference  to  the  same  causes  acting 
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in  minor  degrees.  The  mud  of  the  river  Thames  may  surely 
produce  the  same  decompositions  of  the  sulphates  in  the  sea 
water  as  that  which  we  have  traced  in  other  places.  I  find 
that  there  is  a  prevalent  idea,  which  deserves  investigation, 
that  the  ships  in  the  Medway  are  liable  to  greater  waste  of 
their  copper  than  those  at  Woolwich,  or  other  places  on  the 
Thames. 

Within  the  past  week  I  have  seen  in  the  number  of  Lie  big's 
Annalen  for  January  last,  that  Dr.  Clemm  examined  some 
water  taken  up  in  December  1839,  in  the  open  sea  off  Bar* 
mouth,  North  Wales;  also  from  Aberystwyth  and  Tenby  in 
South  Wales ;  and  he  observes,  '^  In  some  of  the  bottles  from 
the  English  coast  the  large  proportion  of  sulphuretted  hydro- 
gen was  very  striking :  both  in  smell  and  taste  it  was  con- 
verted into  a  strong  sulphurous  water."  He  seems  to  think 
that  the  accidental  presence  of  some  of  the  sealing*wax  with 
which  the  bottles  were  closed,  may  have  had  something  to  do 
with  the  generation  of  the  gas. 

By  the  kindnessof  Sir  Isambard  Brunei,  I  have  been  favoured 
with  the  particulars  of  a  very  remarkable  phaenomenon  of  this 
kind,  which  attended  the  progress  of  the  Thames  Tunnel,  and 
which  proved  of  great  annoyance,  and  was  the  cause  of  great 
suffering  to  some  of  the  workmen.  This  was  the  evolution  of 
great  Quantities  of  carburetted  hydrogen  mixed  with  sulphu- 
retted nydrogen  gases.  In  1837  the  smell  was  extremely  fostid. 
^^  It  frequently  rushed  out  from  between  the  small  boards  of 
the  shield,  used  to  scour  the  ground  with  great  force,  bursting 
into  a  flame,  which  sometimes  extended  over  some  feet,  and 
was  generally  accompanied  by  a  loud  roaring  or  hissing  noise.'' 

In  1838,  the  sulphuretted  hydrogen  was  unaccompanied  by 

the  great  quantity  of  carburetted  hydrogen  with  which  it  had 

been  previously  mixed,  but  its  effects  upon  the  men  were  very 

'  severe,  producing  sickness,  giddiness  and  fainting,  pains   in 

the  head,  and  in  one  case  delirium. 

The  source  of  this  enormous  production  of  gas  may  proba- 
bly have  been  the  deposits  of  animal  and  vegetable  matters  in 
the  mud  of  the  river,  acting  however  by  the  sulphates,  which 
are  contained  in  the  former,  in  a  manner  perfectly  similar  to 
that  which  we  have  traced  to  the  sulphates  in  the  sea  water. 

And  here  again  it  may  be  asked,  as  with  regard  to  the  in- 
jurious  effects  of  sulphuretted  hydrogen  upon  the  copper  of 
ships,  can  science  indicate  a  remedy,  as  well  as  point  to  the 
cause  of  the  disease?  And  again  I  would  reply,  that  by  fur- 
nishing an  easy  method  of  detecting  the  evil,  she  furnishes 
you  with  timely  warning  to  fly  from  the  infected  regions.  No 
vessel  should  be  allowed  to  cast  anchor  or  linger  m  sulphu* 
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retted  waters.  But  if  paramount  duty  should  oppose  itself  to 
such  a  course,  we  have  a  certain  remedy  to  propose.  You 
have  seen  how  instantly  chlorine  destroys  the  gas.  Chlorine 
and  sulphuretted  hydrogen  cannot  coexist  togeUier.  Plentiful 
fumigations  of  chlorine  would  therefore  infallibly  prevent  the 
deleterious  effects ;  and  the  antidote  is  at  once  cheap,  and  in- 
capable, under  proper  management,  of  producing  any  injuri- 
ous effects  to  counterbalance  its  advantages. 

The  Lords  of  the  Admiralty  have  received  these  sugges- 
tions with  indulgence,  and  have  given  instructions  to  their 
cruisers  upon  the  African  coast  to  test  the  waters  at  regular 
intervals.  They  have  also  abundantly  supplied  the  African 
expedition  with  the  means  of  chlorine  fumigation ;  and  I  have 
the  gratification  of  knowing  that  the  views  which  I  have  now 
had  the  honour  of  submitting  to  you,  have  tended  to  give  con- 
fidence not  only  to  the  gallant  band  who  have  devoted  them- 
selves to  one  of  the  most  disinterested  enterprises  which  ever 
emanated  from  pure  Christian  charity,  but  to  the  numerous 
friends  who  wait  the  result  with  anxiety. 

II.  Abstract  of  recent  Researches  on  the  quantity  of  Heat 
evolved  in  Chemical  Combination^  particularly  those  qfi/lM. 
Dulong  and  Hess. 

I^ARADAY  having  established  the  law  of  definite  electro- 
-^  lytic  action,  and  thus  conneUed  together  the  two  princi- 
ples under  which  scientific  chemistry  at  the  present  day  is 
organized,  the  abstract  and  the  numerical,  the  electro-chemical 
theory  and  the  law  of  equivalents,  it  became  an  interesting 
point  to  examine  whether  affinity  possessed  the  same  definite- 
ness  of  character  in  relation  to  other  physical  agents,  and 
especially  to  heat,  the  influence  of  which  on  aflSnity  is  even 
more  remarkable  than  that  of  electricity,  and  with  whose 
operations  indeed  chemistry  itself,  until  a  comparatively  recent 
date,  was  identified. 

Investigations  tending  to  this  end  had  been  long  since 
entered  on.  The  measurement  of  the  Quantity  of  heat  evolved 
in  combustion  was,  independent  of  all  relations  to  scientific 
theory,  a  problem  of  such  technical  importance,  that  it  has 
occupied  from  time  to  time  all  those  philosophers  who  de- 
voteu  themselves  to  that  branch  of  science.  Their  results, 
frequently  discordant,  but  still  often  useful,  have  been  con- 
sidered, especially  those  of  Despretz,  as  indicating  that  the 
heat  evolved  was  proportional  to  the  quantity  of  oxygen  which 
entered  into  combination. 

For  some  time  before  his  death,  M.  Dulong  had  been  occu- 
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pied  with  researches  of  this  kind,  and  the  attention  of  the 
Academy  of  Sciences  having  been  directed  thereto  by  M.  Hess, 
who  had  had  conversations  with  Diilong  on  the  subject,  the 
manuscripts  which  he  left  behind  were  examined  by  Arago, 
and  the  following  results  obtained.  Dulong  had  made  an 
extensive  series  of  experiments  on  the  quantity  of  heat  evolved 
in  combustion,  but  did  not  write  out  any  full  description  of 
his  apparatus  or  methods;  M.  Cabart,  however,  who  bad 
been  working  in  Dulong's  laboratory,  was  able  to  describe  the 
form  of  calorimeter  which  had  been  used.  A  rectangular  box 
in  red  copper,  of  25  centimetres  in  depth,  7*5  in  breadth,  and 
10  in  length,  is  the  space  in  which  the  combustion  is  carried 
on ;  the  oxygen  or  other  gas  supporting  tlie  combustion  is 
introduced  by  a  tube,  and  the  products  of  combustion  carried 
off  by  another.  For  the  precise  arrangement  of  these  tubes, 
which  are  complicated  in  their  form,  for  the  purpose  of  recei- 
ving the  thermometers  by  which  the  temperatures  are  read  off, 
we  must  refer  to  the  original.  This  box  is  immersed  in  a 
vessel  holding  eleven  quarts  of  water.  In  this  box  gases 
were  burned  dv  means  of  jets,  of  various  sizes,  according  to 
the  combustibility  of  the  cases.  The  liquids  were  burned  by 
means  of  a  few  cotton  threads  in  a  glass  tube  closed  at  one 
end:  it  is  not  known  how  they  were  set  on  fire.  The' solid 
bodies  (except  iron,  which  was  used  in  coils  of  fine  wire)  were 
in  the  state  of  powder,  and  were  set  on  fire  by  a  bit  of  amadou. 
The  following  tables  give  the  most  important  results  ob- 
tained by  Dulong;  the  unity  of  calorific  effect  employed 
being  the  quantity  of  heat  necessary  to  raise  the  temperature 
of  a  gramme  of  water  one  centigrade  degree  at  ordinary 
temperatures. 

Substances  and  quantities  Quantity  of  heat  evolved  in 

employed.  combustion. 

Max.  Hin.  Mean. 

One  litre  of  hydrogen,  five! 

experiments f 

One  litre  of  pond  gas,  fourl 

experiments J  ' 

One  litre  of  olefiant  gas,  1 

five  experiments J 

One  litreof  carbonic  oxidcl        g.^^^  3069  31S0 

three  experiments  •  •  •  •  J 
Carbon,  equivalent  to  one  | 

litre  in    gaseous   state,  >       8040  7540  7858 

four  experiments J 

Alcohol,  one  litre  in  va-1      j^^^,  j^^^^  ^ 

pour,  two  expenments.  J 
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Substances  and  Quantities  Quantity  of  heat  evolved  in 

employed.  combustion. 

Oil  of  turpentine,  one  litre"!        *^-  ^*"-  ^^' 

in  vapour,  one  experi-  >     70607 

''E;^^)iS:^T^^^^     ««^««  327S8  S8.5. 

OneIitreofcyanogen,three1  ^    ^  ,2269 

experiments f 

^t£''^Zi^[nt!^^'"'\       2719  2452  .2602 

tliree  experiments  .  •  •  .  j 

The  following  simple  bodies  evolved  by  combustion  in  oxy- 
gen for  every  litre  of  oxygen  used,  the  following  proportional 
quantities  of  heat: — 

Bodies.  No.  ofExps.    Max.  Min.  Mean. 

Iron 2  6281         6152         6216 

Tin    S  6790         6825         6508 

Protoxide  of  tin  •  .  •         3  6611         6262         6405 

Copper 3  3742         3503         3578 

Suboxide  of  copper.         1  3130 

Antimony 5  5875         5348         5552 

Zinc    3  7753         7378         7577 

Cobalt 1  5721 

Nickel 1  5333 

These  results  want  probably  the  great  accuracy  which  Du- 
long  would  have  given  to  them  had  he  been  longer  spared  to 
science;  but  they  probably  fluctuate  round  the  true  numbers. 
We  cannot  judge  of  what  general  conclusions  he  would  have 
deduced  from  them ;  but  one  important  consequence  appears 
to  follow  naturally  from  the  numbers  now  given,  since  it  ap- 
pears that  the  same  quantity  of  oxygen  does  not  evolve  the 
same  quantity  of  heat  in  combining  with  various  bodies.  Thus 
if  we  aeduce  from  the  first  table  the  quantity  of  heat  evolved 
by  each  substance  in  perfect  combustion  with  a  litre  of  oxygen, 
we  obtain  the  following  numbers: — 

Hydrogen 6204 

Carbon 7858 

Pond  gas 4793 

defiant  gas 5113 

Alcohol 4792 

Carbonic  oxide 6260 

Oil  of  turpentine 5043 

^ther 5542 

Cyanogen 6135 

Sulphur 3744 

Amongst  tiie  metals  similar  deviations  occur. 
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Hess  states,  in  his  letter  to  Arago,  that  he  had  taken  notes 
immediatelv  after  a  conversation  with  Dulong,  in  which  the 
latter  said  he  had  arrived  at  tlie  following  general  laws  :— 

1st,  That  the  quantities  of  heat  evolved  are  (nearly)  the 
same  for  the  same  substance,  no  matter  at  what  temperature 
it  burns. 

2nd.  Equal  volumes  of  all  gases,  in  combining  with  oxygen, 
evolve  the  same  quantity  of  heat. 

3rd.  The  same  quantitv  of  heat  is  disengaged  with  the  same 
quantity  of  oxygen,  whetner  it  forms  a  compound  R  +  O,  or 

Rh-  20. 

4th.  The  quantity  of  heat  disengaged  by  difierent  substances 
is  very  different. 

These  conclusions,  however,  are  by  no  means  completely 
borne  out  by  the  experimental  results,  so  far  as  they  have 
been  recovered,  except  the  third,  which  is  certainly  supported 
by  the  results  with  tin,  protoxide  of  tin,  carbon  and  carbonic 
oxide. 

In  commenting  on  these  numbers,  Berzelius  has  pointed  out 
a  remarkable  consequence  deducible  from  them ;  that  is,  that 
the  heat  evolved  in  the  combustion  of  a  compound  gas  is  the 
same  as  that  evolved  in  the  combustion  of  its  constituents. 
Thus, 

One  volume  of  pond  gas  consists  of  two  volumes  of  hydro* 
gen  and  half  a  volume  of  carbon  (vapour).         Meao. 
Two  volumes  of  hydrc^en  produce  heat  =  6204 

Half  a  volume  of  carbon  (vapour) =  3929 

lOlSS 

The  highest  experimental  number  is    .  .  •  =s  9948 
One  volume  of  olefiant  gas  consists  of  two  volumes  of  hy- 
drogen and  one  of  carbon  (vapour).  Mean. 
Two  volumes  of  hydrogen  evolve  heat  .  •  =  6204 

One  volume  of  carbon  (vapour) =  7858 

14062 

The  mean  experimental  result  is =  15338 

One  volume  of  oil  of  turpentine  vapour  consists  of  eight 
volumes  of  hydrogen  and  five  of  carbon  (vapour). 

Mean. 
Eight  volumes  of  hj'drogen  evolve  heat  •  =  24816 

Five  volumes  of  carbon  (vapour) =  39290 

64106 

The  experimental  number  is =  70607 

The  differences  here  found  are  not  probably  greater  than 
the  limits  of  experimental  error;  their  direction  also  is  not 
constant. 
The  laws  of  phaenomena  are  very  frequently  more  easily 
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examined  and  established  when  attention  is  directed  to  those 
cases  in  which  they  act  with  but  moderate  activity;  the  results, 
being  less  sudden  and  turbulent,  become  more  easily  subjected 
to  accurate  measurement  and  observation.  It  has  been  re- 
markably so  with  electricity ;  and  this  it  is  which  gives  pecu- 
liar value  to  the  thermo-cbemical  researches  recently  entered 
upon  by  Hess  and  Andrews*  tn  PoggendoriTs  Annalen  in 
1839,  Hess  communicated  some  results  on  the  admixture  of 
oil  of  vitriol  and  water,  and  announced  that  when  tvoo  sub^ 
stances  unite  in  many  propartionsy  the  quantities  of  heat  evolved 
in  these  acts  of  combination  are  multiple  proportions  of  each 
other.  To  the  further  development  of  this  law  he  has  since 
devoted  himself,  and  obtained  a  great  number  of  important 
results,  which  we  will  now  proceed  briefly  to  describe. 

The  instances  which  first  conducted  M.  Hess  to  the  de- 
tection of  this  law,  were  found  in  the  quantity  of  heat  evolved 
by  the  combination  of  oil  of  vitriol  with  water.  The  method 
first  pursued  was  as  follows : — The  strength  of  the  dilute  sul- 
phuric acid  being  determined,  which  did  not  evolve  heat  by 
any  fiirther  addition  of  water,  and  quantities  of  oil  of  vitriol 
being  diluted  with  water  so  as  to  bring  them  to  various  atomic 
constitutions,  these  were  added  to  the  quantities  of  water 
necessary  to  bring  them  to  the  standard  first  described,  and 
the  rise  of  temperature  consequent  on  the  mixture  accurately 
determined.  The  two  liquids  (the  water  and  atomically  di- 
luted oil  of  vitriol)  had  accurately  the  same  temperature  before 
mixture,  and  the  weights  were  accurately  known. 

In  order  to  compare  the  results  given  by  a  series  of  experi- 
ments, some  arbitrary  unit  should  be  taken,  and  for  this  was 
selected  one  part  of  sulphuric  acid  considered  as  anhydrous ; 
for  instance,  if  the  experiment  was  made  with  S  Og  +  3  H  O. 
Since  the  quantity  of  this  last  was  known,  the  quantity  of  dry 
sulphuric  acid  therein  contained  was  also  known,  and  let  it  be 
marked  4.  Then  the  heat  evolved  in  the  experiment,  divided 
by  4,  gives  the  quantity  of  water  which  should  have  been 
raised  one  degree  of  temperature  by  one  part  of  anhydrous 
acid.  In  this  way  the  results  which  follow,  and  which  were 
announced  by  M.  Hess  in  1839,  were  obtained. 

Corrected 
Acids.  Units  of  Heat.   Multiples. 

S  Og  -h  6  H  O  43'B 

S  Og  -h  4  H  O  67-2 

S  Og  +  3  H  O  93-5 

S08  +  2HO  132-6 

S  Og  +     HO  227-5 

The  fourth  column  contains  the  number  of  units  of  heat 


Itiples. 

Units  of  Heat. 

2 

39-4 

3 

60-4 

4 

84-1 

6 

119-34 

10 

204-75 
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evolved  after  the  results  had  been  corrected  for  the  specific 
heat  of  each  acid  used. 

For  this  simple  method  of  mixtures  M.  Hess  subsequently 
substituted  the  use  of  a  calorimeter,  devised  by  him  for  the 
purpose.  This  instrument  consists,  1st,  of  a  box  for  holding 
water ;  inside  of  this  is,  2nd,  a  cylinder,  fitted,  as  well  as  its 
cover,  with  a  broad  edge ;  these  edges  are  ground  and  fitted 
tight  to  each  other  by  eight  screws.  The  outer  surface  of 
the  cylinder  is  fitted  with  projecting  copper  wings,  which  serve 
to  agitate  the  water  in  the  external  box,  leaving  free,  how- 
ever, a  space,  which  admits  of  the  entrance  of  the  thermometer. 
The  cylinder  is  supported  horizontally  on  its  axis,  and  is 
fitted  on  one  side  outside  of  the  box  with  a  winch  handle,  by 
which  it  may  be  made  to  revolve  rapidly. 

The  mode  of  using  this  instrument  is  as  follows :  the  cylin- 
der being  taken  out  is  placed  steadily  in  a  wooden  support, 
and  the  cover  screwed  off*.  Whichever  of  the  two  liquids  to 
be  mixed  occupies  least  volume,  is  to  be  then  introduced  into 
a  glass  or  copper  vessel  and  laid  in  the  cylinder;  the  other 
liquid  is  to  be  then  poured  in,  the  cover  fastened,  and  the  cy- 
linder laid  in  its  place,  surrounded  by  the  water  of  tlie  cylin- 
der. On  then  turning  the  cylinder  rapidly  round  by  the 
handle,  the  inside  vessel  overturns,  the  liquids  mix,  and  the 
heat  evolved  is  imparted  to  the  water,  outside  of  which  the 
temperature  is  accurately  determined  by  a  CoUardeau  ther- 
•  mometer.  The  change  of  method  when  one  substance  is 
solid  can  easily  be  appreciated. 

By  means  of  experiments  conducted  with  this  apparatus,  it 
was  found,  after  applying  all  necessary  corrections,  that 

Units  of  Heat. 
H  O  -}-  S  O3  combining  with  H  O  evolved  77*  17 
HO-fSOg  „  2HO       „      116-7 

2  H  O  -f  S  O3  „  HO       „        S8-56 

S  O3  „        ^,  H  O       „      5101 

From  these  results,  combined  with  those  already  given,  the 
following  final  results  may  be  deduced  for  the  quantities  of 
heat  evolved  in  the  formation  of  diluted  sulphuric  acid  of  de- 
finite constitution : — 


Acid. 

Heat  evolved. 

Multipleo 

S  0,  +  H  0 

310-4 

8 

H  0.  S  O3  +  H  0 

77-86 

2 

(2  H  0  +  S  0,)  +  H  0 

389 

1 

(3  H  0  +  S  0,)  +  3  H  0 

38-9 

1 

(6  H  0  +  S  0,)  +  j;  H  0 

38-9 

1 

Total  for  S  Oa  -f  a?  H  O     =   50496  13 
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And  from  heuce  the  beat  produced  by  mixing  sulphuric  acid 
of  any  strength,  with  an  excess  of  water,  may  be  computed. 


Acid. 

Theory. 

Experiment, 

SO3 

504-96 

SlO'l 

SO, +  HO 

194-5 

204-75 

S  0,  +  2  H  0 

116-7 

119-84 

S  0,  +  S  H  0 

77-8 

84-1 

S  Oj  +  6  H  0 

38-9 

39-4 

In  extending  these  researches  to  the  combinations  of  other 
bodies  than  water  with  sulphuric  acid,  M.  Hess  arrived  at 
the  remarkable  result,  that  nxihen  a  combination  takes  place  the 
qimntity  of  heat  evolved  is  constant ^  whether  the  combination  be 
direct  or  indirect ;  whether  it  takes  place  at  once  or  by  successive 
stages.  This  principle  is  supported  upon  evidence  derived 
from  an  extensive  series  of  experiments,  to  the  description  of 
which  we  shall  now  pass. 

[To  be  continued.] 

III.  Further  Experiments  on  the  Electricity  of  Effluent  Steam. 
By  W.  G.  Armstrong,  Esq.* 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 

IN  pursuing  my  experiments  on  this  subject,  I  observed  that 
the  tendency  of  the  steam  cloud  to  evolve  negative^  instead 
of  positive  electricity,  gradually  increased  as  I  continued  to 
use  the  apparatus,  until  at  length  positive  electricity  rarely 
appeared  in  the  jet,  even  when  circumstances  were  most  fa- 
vourable to  its  development. 

Conceiving  that  this  gradual  predominance  of  negative  elec« 
tricity  in  the  steam  mignt  possibly  be  owing  to  the  progressive 
oxidation  of  the  metal  in  contact  with  the  water,  I  examined 
the  interior  of  the  boiler;  but  no  change  appeared  to  have 
taken  place  in  the  surface  of  the  metal,  which  was  in  the  rough 
state  in  which  castings  come  from  the  mould.  I  then  washed 
out  the  boiler  with  water,  but  upon  using  it  again  the  elec- 
tricity of  the  steam  remained  negative  as  before.  After  this 
the  boiler  was  washed  out  with  a  solution  of  potash,  by  which 
means  I  was  agreeably  surprised  to  find  the  positive  electricity 
of  the  jet  was  completely  restored.  This  remarkable  result 
led  me  to  try  the  effect  of  dissolving  a  little  potash  in  the 
water  from  which  the  steam  was  generated,  and  by  so  doing 
the  quantity  of  electricity  was  amazingly  increased ;  so  much 
so,  that  I  was  enabled  to  obtain  from  the  apparatus  upwards 
of  thirty  sparks,  half  an  inch  long,  in  a  minute. 
♦  See  our  preceding  volume,  p.  328. 
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Having  thus  discovered  an  instance  in  which  the  electricity 
was  so  strongly  affected  by  the  contents  of  the  water,  I  pro- 
ceeded to  try  the  effects  of  other  ingredients,  and  the  follow- 
ing are  the  results  I  obtained : — 

Soda  had  much  the  same  effect  as  potash,  rendering  the 
electricity  of  the  steam  positive,  but  not  occasioning  quite  so 
strong  a  development.  A  minute  Quantity  of  nitric  acid  pro- 
duced the  contrary  effect,  causing  the  steam  to  be  negatively 
electrified.  Muriatic  acid  had  no  perceptible  influence;  nei- 
ther had  sulphuric  acid,  not  even  when  iron  filings  were  con- 
tained in  the  boiler.  Lime  tended  to  produce  positive  elec- 
tricity, but  not  powerfully.  Common  salt  appeared  to  have 
no  effect  Nitrate  of  copper  rendered  the  steam  negative,  in 
nearly  the  same  degree  as  nitric  acid. 

Potash,  soda  or  lime  used  in  excess,  always  occasioned 
what  engineers  call  priming;  which  is  the  ejection  of  water 
from  the  boiler  in  conjunction  with  the  steam.  Whenever 
this  took  place  the  electricity  either  vanished  entirely,  or  be* 
came  exceedingly  feeble.  It  is  therefore  unintelligible  to  me 
how  it  happens  that  Dr.  Schafhaeutl  obtains  most  electricity 
when  the  steam  is  combined  with  water. 

From  the  powerful  effects  I  obtained,  when  water  contain- 
ing a  little  potash  was  used,  I  have  little  doubt  that  a  properly- 
constructed  electro-steam  apparatus  would  answer  all  the 
purposes  of  an  electrifying  machine.  My  own  apparatus, 
though  small  and  imperfect,  is  no  mean  substitute  for  an  elec- 
trifying machine ;  and  if  sharp  edges,  points,  and  asperities 
had  been  avoided,  its  efficacy  would  undoubtedly  have  been 
much  greater  than  it  is.  A  gallon  of  water  is  the  utmost  the 
boiler  will  hold,  so  as  to  leave  sufficient  room  for  steam  ;  but 
a  boiler  capable  of  holding  ten  gallons  would  not  be  at  all  in- 
conveniently large ;  and,  with  a  duly  proportioned  extent  of 
beating  surface,  would  afford  ten  times  as  much  steam,  and 
consequently  ten  times  as  much  electricity,  as  mine.  There  is 
no  occasion  to  adhere  to  the  form  I  have  adopted  for  my 
boiler,  which  form  is  only  eligible  on  account  of  its  strength. 
Experience  has  shown  that  there  is  not  much  to  be  gained  by 
increasing  the  pressure  of  the  steam  beyond  60  or  70  pounds 
on  the  square  inch ;  and  a  boiler  adapted  to  resist  this  pressure 
would  be  found  sufficiently  strong.  The  coil  of  copper  pipe 
appended  to  my  apparatus  might  be  dispensed  with,  for  I 
have  always  obtainea  the  strongest  effects  by  discharging  the 
steam  through  a  glass  tube  6  or  8  inches  long.  It  is  import- 
ant that  the  apparatus  should  be  insulated,  because  it  is  much 
easier  to  collect  electricity  from  the  boiler  than  from  the  jet. 
The  steam'  should  not  be  discharged  more  rapidly  than  it  is 
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generated,  because  running  down  the  pressure  always  di- 
minishes the  electricity  in  a  much  greater  degree  than  is  due 
to  the  mere  decrease  of  density,  and  frequently  changes  the 
electricity  of  the  jet  from  positive  to  negative,  I  find  the  most 
convenient  way  of  using  my  apparatus  is  to  place  it  out  of 
doors,  and  to  convey  the  electricity  into  the  house  by  means 
of  a  wire.  If,  however,  the  steam  were  discharged  horizon- 
tallv  it  might  be  projected  into  a  chimney,  or  out  of  a  window, 
and  the  objection  to  using  the  apparatus  within  doors  would 
be  in  a  great  measure  removed. 

Dr.  Ure,  who  has  witnessed  a  repetition  of  most  of  the 
experiments  I  have  described,  suggested  a  method  of  reple- 
nishing the  boiler  without  exhausting  the  steam.  He  proposed 
to  attach  to  the  boiler  a  cylindrical  vessel,  of  convenient  dimen- 
sions, having  a  stop-cock  at  the  top  to  receive  the  water,  and 
another  at  the  bottom  to  communicate  with  the  boiler.  By 
closing  the  upper  cock,  after  filling  the  vessel  with  water,  and 
then  opening  the  lower  one,  the  water  would  pass  into  the 
boiler  without  permitting  any  escape  of  steam  to  take  place. 
This  arrangement  I  would  certainly  recommend  to  any  one 
who  may  feel  inclined  to  construct  an  electro-steam  apparatus. 

The  production  of  electricity  by  steam  has  several  important 
advantages  over  the  common  method  of  obtaining  it.  An 
electro-steam  apparatus  is  self-acting,  which  leaves  the  ope>> 
rater  at  j)erfect  liberty  to  attend  to  results.  Its  high  tempera- 
ture renders  its  action  independent  of  dampness  in  tlie  atmo- 
sphere, which  so  greatly  impairs  the  energy  of  an  electrifying 
machine;  and  finally,  its  extreme  simplicity  secures  it  firom 
injury  or  derangement. 

Wm,  Geo.  Armstrong. 
Newcastle-upon-Tyne*  9th  May,  1841. 


IV.  On  Irish  Tin  Ore.    By  Thomas  Weaver,  Esq.^  RR.S.. 
F.G.S.,  M.R.LA.,  ^c.  4-c.» 

IN  a  paper  drawn  up  by  Aquila  Smith,  Esq.,  M.D.,  on  Irish 
Tin  Ore,  read  before  the  Geological  Society  of  Dublin,  on 
the  9th  Dec.  1840,  and  published  m  the  London,  Edinburgh 
and  Dublin  Philosophical  Magazine  and  Journal  of  Science 
for  February  1841,  it  is  stated,  "The  question  has  been  often 
asked,  is  tin  ore  found  in  Ireland  ?  and  I  believe  the  only  re- 
ply which  could  be  given  is,  that  it  was  said  to  have  been  found 
m  the  county  of  Wicklow,  about  the  year  1796,  when  the  gold 
mines  were  worked  on  account  of  the  Government." 

It  is  also  stated,  that  the  existence  of  tin  ore  in  Ireland  was 
announced  for  the  Jtrst  time  in  the  report  of  Messrs.  Mills, 
«  Communicated  by  the  Author. 
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King  and  Weaver,  the  directors  under  Government  of  the 
gold  workings  in  that  county,  dated  1st  August  1801,  pub- 
lished in  the  second  volume  of  the  Transactions  of  the  Dub- 
lin Society;  but  that  in  the  catalogues  of  the  minerals  in  Tri- 
nity Colle^  Museum,  drawn  up  in  1807  and  1818,  no  speci- 
men of  Irish  tinstone  is  mentioned;  and  hence  it  is  said,  *^  we 
might  almost  be  induced  to  suspect  that  some  other  substance 
must  have  been  mistaken  for  tinstone  by  the  directors  of  the 
works."  It  is  then  added,  **  The  next  notice  of  this  metal 
being  found  in  Ireland  is  in  the  catalogue  of  Irish  minerals  in 
the  museum  of  the  Royal  Dublin  Society,  published  in  1832 
by  the  late  Sir  Charles  Giesecke."  And  the  author  concludes 
with  a  notice  of  his  examination  of  some  washed  sand  lately 
obtained  from  the  gold  works  now  carrying  on  by  a  company, 
under  tenure  from  the  Crown,  at  Croghan  Kinshela  mountain, 
accompanied  by  an  analysis  of '<  fragments  of  an  earthj'-look- 
ing  mineral,  someof  them  presentingcrystalline  planes,  abraded 
by  fricdon,"  which  were  contained  in  the  sand ;  from  which 
analysis  Dr.  Smith  affirms,  <^  in  corroboration  of  the  assertion 
of  MM.  Mills,  King  and  Weaver,  that  *  native  oxide  of  tin' 
exists  in  the  county  of  Wicklow." 

This  subject  is  also  adverted  to  in  the  able  address  delivered 
by  James  Apjohn,  Esq.,  M.D.,  as  President  to  the  Geologrical 
Society  of  Dublin,  on  the  10th  February  1841,  in  which  it  is 
said,  "  Dr.  Smith,  therefore,  must  be  considered  as  entitled 
to  the  credit  of  removing  all  doubt  as  to  a  point  long  disputed, 
and  equally  interesting  to  the  Irish  capitalist  and  the  man  of 
science." 

It  is  a  curious  subject  for  reflection,  how  well-ascertained 
facts,  widely  known  and  never  questioned  at  the  time,  and 
afterwards  placed  repeatedlv  upon  record,  should  in  the  lapse 
of  years  not  only  be  lost  sight  of,  but  that  their  validity  should 
even  become  a  matter  of  dispute. 

To  refresh  the  memories  of  the  older  members  of  the  Dub- 
lin Society  (among  whom  my  name  stands  enrolled  since  the 
commencement  of  this  century),  and  to  convey  information  to 
such  persons  as  may  not  be  cognizant  of  all  the  circumstances, 
it  may  be  useful  to  enter  into  some  details,  and  to  repeat  others, 
which  I  certainly  never  anticipated  could  have  been  called  for 
at  this  time  of  day. 

After  the  discovery  of  native  gold  at  Ballinvalley,  in  Cro- 
ghan Kinshela  mountain,  in  1796,  and  the  establishment  of 
the  government  stream- works  there,  all  the  metallic  substances 
disseminated  through  the  diluvial  deposit,  being  concentrated 
in  a  mass  by  the  successive  operations  of  washing  (well  known 
to  professed  miners),  were  always  brought  under  my  eye  for 
exammation^  and  it  was  thus  that  at  Ballinvalley  I  found  that 


Digitized 


by  Google 


Mr.  Weaver  on  Irish  Tin  Ore,  29 

the  go\d  WAS  constantly  accompanied  by  magnetic  ironstone 
(sometimes  in  masses  of  half  a  hundred  weight),  by  magnetic 
ironsandy  by  cubical  and  dodecabedral  iron  pyrites;  and  in 
small  pieces  and  grains,  by  specular  iron  ore,  brown  and  red 
ironstone,  iron  ocnre^  fragments  of  tinstone  crystals,  wolfram, 
gray  ore  of  manganese,  pieces  of  quartz  and  chlorite,  and 
sometimes  fragments  of  quartz  crystals.  I  observed  and  col- 
lected also  some  specimens,  which  show  that  the  gold,  mag- 
netic ironstone,  and  wolfram,  were  each  of  them  frequently  in- 
termingled with  quartz;  and  I  have  also  a  few  specimens 
which  exhibit  the  gold  not  only  incorporated  with  iron  ochre, 
but  ramifying  in  slight  threads  through  wolfram. 

To  satisfy  and  amuse  some  of  my  county  of  Wicklow  friends 
at  the  time,  I  made  an  assay  of  the  fragmentary  crystals  of 
tinstone,  showing  to  them  as  good  metallic  tin  as  was  ever  pro- 
duced in  Cornwall. 

The  operations  were  interrupted  by  the  Irish  Rebellion  of 
1798 ;  but  were  resumed  in  1801,  founded  on  our  report  made 
to  Government  that  year.  Subsequent  researches  showed  that 
the  gold  and  the  tin  ore  were  not  confined  to  Croghan  Kin- 
shela,  both  being  found  also  in  a  mountain  named  Croghan 
Moira,  about  seven  miles  distant  from  the  former  mountain. 
Of  the  three  stream- works  established  there,  one  was  placed  on 
Ballycreen,  in  the  stream  at  the  eastern  foot  of  the  mountain, 
and  minute  particles  of  gold  were  found  accompanied  by 
magnetic  ironstone,  magnetic  ironsand,  compact  brown  iron- 
stone, cubical  iron  pyrites,  and  numerous  small  garnets.  In 
a  second,  placed  in  Ballinacapogue  brook,  on  the  western 
side  of  the  mountain,  small  particles  of  gold  were  obtained 
with  magnetic  ironstone,  magnetic  ironsand,  and  fragments 
of  tinstone  crystals.  A  third  trial,  in  Faunanerin  stream,  on 
the  north-eastern  flank  of  the  mountain,  did  not  produce  any 

The  existence  of  tin  ore  in  the  county  of  Wicklow  having 
been  thus  well  established,  the  Dublin  Society,  at  the  sugges- 
tion of  their  Committee  of  Mineralogy,  offered,  among  its  other 
annual  premiums,  in  the  early  part  of  this  century,  a  premium 
of Jifiy  pounds  to  the  discoverer  of  a  mine  of  tin  ore  in  Ireland ; 
and  a  reference  to  the  printed  proceedings  of  that  Society 
will,  I  think,  show  that  my  memory  is  correct  in  stating  that 
that  premium  was  offered  for  several  successive  years. 

In  1818  I  drew  up  my  memoir  on  the  Geological  Rela- 
tions of  the  East  of  Ireland,  which  was  published  in  18 19, 
in  the  first  part  of  the  fifth  volume  of  the  Geological  Trans- 
actions of  London.  In  that  memoir  I  have  given  a  succinct 
and  faithful  account  of  the  whole  of  the  proceedings  under 
Government  in  respect  of  the  gold  workings  conducted  in  the 
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county  of  Wicklow^,  from  which  I  have  drawn  most  of  the 
preceding  details.  In  that  memoir  I  also  showed  that  tin 
ore  was  not  confined  to  the  county  of  Wicklow,  but  that  it  had 
been  found  in  the  county  of  Dublin  also,  though  under  dif- 
ferent circumstances,  for  which  discovery  we  were  indebted  to 
Dr.  Thomas  Taylor,  then  living  in  Dublin,  but  latterly  re* 
siding  on  his  property  at  Dunkerrin  Castle,  in  the  county  of 
Kerry.  The  information  on  this  subject,  derived  from  that 
gentleman,  I  have  embodied  in  the  I8th  section  of  my  memoir 
(at  p.  135  of  vol.  v.  Geol.  Trans.),  in  which,  in  speaking  of  the 
granite  region,  I  have  said,  *^The  minerals  which  I  have 
incidentally  observed  disseminated  in  the  granite,  or  imbedded 
in  the  contemporaneous  veins  of  granite  and  quartz  that  tra- 
verse the  rock  (which  more  particularly  form  their  native 
seat),  are  schorl,  tourmaline,  garnet,  beryl,  rock-crystal,  epi- 
dote,  heavy  spar,  magnetic  iron  ore,  galena,  copper  pyrites, 
and  iron  pyrites.  But  in  addition  to  tnese,  I  am  indebted  to 
Dr.  Taylor  for  the  information  that  he  has  discovered  in  the 
granite,  malachite,  arsenical  pyrites,  iHtstone^  spodumene,  and 
a  new  mineral,  to  which  he  has  given  the  name  of  killiuitet." 
And  in  a  note  upon  the  tinstone  thus  found,  I  have  added, 
^^  It  is  an  interesting  fact  that  this  metal  should  at  length  have 
been  discovered  in  rock  in  this  country,  although  found  only 
in  a  contemporaneous  vein  traversing  a  loose  block  of  granite ; 
for  its  existence  in  the  county  of  Wicklow,  in  the  form  of  stream 
tinstone,  had  been  ascertained  several  years  ago  by  the  opera- 
tions of  the  Directors  of  the  works  at  Croghan  Kinshela." 

We  have  it  thus  upon  record  that  tin  ore  has  been  found 
in  three  distinct  localities  in  Ireland,  two  in  the  county  of 
Wicklow,  and  one  in  the  county  of  Dublin ;  the  latter  hieing 
at  the  south-western  foot  of  Rochetown-hill,  adjoining  Killi- 
ney  Bay. 

I  may  here  add,  that  the  *^  tinstone  of  a  hair-brown  colour, 
which  accompanies  frequently  in  small  grains  the  native  gold 
found  in  the  streams  at  Croghan  mountain,  county  of  V^tdk^ 
low,"  being  No.  213  of  the  Tate  Sir  Charles  Giesecke's  Cata- 
logue of  Irish  Minerals  in  the  Museum  of  the  Royal  Dublin 
Society,  published  in  1832,  and  adverted  to  by  Dr.  Smith, 
was  presented  by  myself  before  the  year  1818. 

So  lately  also  as  in  the  year  1835!]:,  having  had  occasion  to 
notice  a  strange  misapprehension  of  facts  respecting  the  gold 
workings  formerly  conducted  in  the  county  of  Wicklow,  as 

•  See  §§  105  to  107  inclusive  of  the  Memoir  in  pp.  208  to  913  of  voL  v. 
of  the  Geological  Transactions,  First  Series. 

t  See  the  description  and  analysis  of  this  mineral  by  my  friends  Dr. 
Thomas  Taylor  and  Dr.  Francis  Barker,  Prof.  Chem.  Trin.  Coll.  Dublin,  in 
the  13th  volame  of  the  Transactions  of  the  Royal  Irish  Academy,  1818. 

t  See  the  London  and  Edinburgh  Philosophical  Magaane  for  July  1835» 
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inserted  in  the  address  delivered  at  the  first  annual  meeting 
of  the  Geological  Society  of  Dublin  by  their  President,  I  then 
extracted  from  mv  memoir  on  the  East  of  Ireland  certain 
details,  in  which  the  occurrence  of  tin  ore  in  connexion  with 
native  gold  in  both  Croghan  Kinshela  and  Croghan  Moira 
mountams  is  again  mentioned. 

We  have  it  thus  four  times  in  evidence  in  print,  dating 
from  the  year  1801  to  1885,  that  tin  ore  does  occur  in  Ire- 
land, to  which  Dr.  Smith's  testimony  in  1840  now  adds  a 
fifth ;  and  this  independently  of  what  may  be  found  in  the 
printed  proceedings  of  the  Dublin  Society  in  the  early  part 
of  this  century.  But  it  follows  from  the  preceding,  that  Dr. 
Smith,  in  his  examination  of  the  washed  sand  lately  procured 
firom  Croghan  Kinshela  mountain,  has  not  elicited  a  single 
fact  that  was  not  established  and  known  more  than  forty 
years  since. 

V.    On  the  Atialogy  between  the  Phcenoniena  of  the  Electric  and 

Nervous  Influences.  By  Martyn  RoBERTS,JS5g'.,i^i^.S.£rf.* 

1,    A  LTHOUGH  much  has  been  said  by  eminent  phvsio- 

-^^  logists  in  endeavouring  to  prove  that  an  essential  dif- 
ference exists  between  the  nervous  and  the  electric  power, 
yet  there  are  so  many  points  of  analogy  untouched  by  these 
writers,  and  the  facts  they  have  adduc^  are  so  susceptible  of 
explanation  by  electrical  laws,  that  I  feel  convinced  there  is 
the  greatest  similarity,  if  not  identity,  between  the  nervous 
and  electric  influence,  both  in  their  mode  of  action  and  in  the 
phaenoroena  produced. 

2.  In  the  first  place,  I  mav  call  attention  to  a  beautiful  ana- 
logy which  has,  I  believe,  hitherto  escaped  observation,  viz. 
the  influence  of  electricity  on  the  circulation  of  fluids;  and 
there  is  iust  cause  for  believing  that  a  like  influence  governs 
the  circulation  of  the  blood  in  the  living  body. 

8.  If  we  calculate  the  force  of  the  heart,  we  shall  find  it 
wholly  inadequate  to  propel  the  blood  through  the  fine  capil- 
lary vessels  of  the  system,  unless  it  be  assisted  by  some  other 
power.  There  are  two  sources  of  resistance  to  the  motion  of 
fluids  in  tubes,  at  least  two  that  especially  apply  to  the  motion 
of  the  blood  through  the  vascular  system,  viz.  the  tortuosities 
of  the  tubes,  and  the  adhesion  of  blood  to  the  sides  of  the  chan- 
nel throtigh  which  it  is  impelled^ 

4.  The  resistance  occasioned  by  the  deviation  of  a  channel 

from  a  straight  line  is  easily  overcome  when  the  motion  of  the 

fluid  in  it  is  slow ;  for  this  resistance  is  the  destruction  of  the 

momentum,  or  tendency  of  the  fluid  to  move  in  straight  lines, 

*  Copimunicated  by  the  Author. 
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and  its  amount  is  the  weight  of  the  fluid  multiplied  by  its  ve- 
locity. It  will  be  found  tnat  the  blood  has  but  little  momen- 
tum, for  its  motion  is  slow,  and  that  the  heart  possesses  more 
than  sufficient  power  to  overcome  all  the  resistance  offered 
by  the  tortuosities  of  the  vascular  system. 

5.  The  adhesion  of  a  fluid  to  the  sides  of  the  tube  throu^ 
which  it  passes  is  a  source  of  resistance  that  has  been  much 
overlooked,  but  the  retardation  it  would  produce  in  the  cir- 
culation of  the  blood  would  be  very  considerable  were  it  not 
compensated  or  destroyed,  especially  in  the  capillary  vessels, 
which  are  of  so  small  a  diameter  that  their  parietes  touch 
every  corpuscle  of  blood  that  passes  them ;  though  some  few 
of  the  capillaries  are  large  enough  to  admit  two  or  three 
globules  abreast,  many  can  contain  but  one  red  particle  of 
blood  in  their  diameter,  while  others  are  so  minute  as  to  ex- 
clude the  red  corpuscles,  admitting  only  the  fine  lymph. 

6.  The  adhesion  of  fluids  to  solids  is  so  great,  that  if  every 
particle  of  a  fluid  be  in  contact  with  the  sides  of  its  channel, 
a  very  considerable  force  will  be  necessary  to  overcome  the 
resistance  oflered  to  its  passage;  and  this  adhesion  can  be 
proved  in  the  following  manner :-— Suspend  the  solid  we  wish 
tried  (say  a  bit  of  wood)  to  one  end  of  a  fine  balance;  to  the 
other  end  add  its  exact  counterbalance  in  air,  then  place  be- 
neath the  wood  a  vessel  containing  the  liquid,  and  let  the  solid 
rest  upon  the  fluid  surface ;  add  weights  to  the  counterbalance 
until  the  wood  is  raised  from  the  liquid,  and  these  weights  will 
give  the  amount  of  adhesion.  Fig.  I  shows  the  arrange- 
ment. The  following  is  a  list  of  the  force  of  adhesion  be- 
tween a  few  solids  and  liquids: — A  square  inch  of  wood  re- 
quired 50  grains  to  detach  it  from  the  surface  of  water;  a 
square  inch  of  gold  ^^6  grains  from  a  surface  of  mercury ; 
silver,  429  grains ;  tin,  418  grains;  lead,  397  grains ;  glass, 
194  grains. 

7.  Finding  this  adhesion  to  be  so  great,  I  concluded  it  to 
be  the  main  cause  of  the  resistance  offered  by  capillary  tubes 
to  the  flow  of  liquid  through  them,  and  that  if  the  adhesion 
could  be  destroyed,  it  would  run  through  such  tubes  in  direct 
proportion  to  their  diameters ;  for  it  is  well  known  that  in  or- 
dinary cases  (where,  as  I  conclude,  the  adhesion  exists)  a 
liquid  will  not  flow  through  fine  tubes  in  the  ratio  of  their 
diameter,  but  in  a  much  less  quantity  than  would  be  propor- 
tionate to  larger  tubes ;  indeed,  when  the  channel  is  capillary, 
water  is  either  completely  arrested  or  runs  in  drops  at  long 
intervals. 

8.  Electricity  has  the  power  of  destroying  this  adhesion 
between  liquids  and  solids,  for  bodies  in  a  like  state  of  electri- 
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ci^  repel  each  other ;  and  I  found  that  when  a  solid  resting  on 
a  fluid  surface  was  highly  electrified,  no  adhesion  took  place 
between  them ;  and  the  following  experiment  will  show  how 
this  also  applies  to  the  passage  of  liquids  through  tubes. 

9.  In  the  bottom  of  a  tin  tube  (a),  about 
an  inch  in  diameter  and  three  or  four  inches 
long  (fig.  2),  fix  several  metallic  capillary 
tubes  {c)  two  or  three  inches  long,  opening 
into  the  large  tube.  Now  fill  the  tube  (a) 
with  water,  and  suspend  it  by  the  wire  (tv) 
to  the  prime  conductor  of  an  electrical  ma- 
chine. As  long  as  the  machine  is  not  in  ac- 
tion and  the  tube  and  water  remain  unelec- 
trified,  the  water  will  not  run  through  the 
capillanr  pipes,  but  will  be  completely  ar- 
rested by  the  most  minute,  while  through 
those  of  a  larger  diameter  it  will  fall  in  slowly 
succeeding  drops.  But  on  turning  the  ma- 
chine, and  thus  electrifying  the  apparatus, 
the  water  will  instantly  run  through  all  the 
pipes  with  a  rapidity  proportionate  to  the 
force  of  the  electricity,  because  the  particles 
of  the  watef  and  the  sides  of  the  pipe  being 
in  like  states  of  electricity,  repel  each  other, 
or  at  least  the  electricity  overcomes  the  na- 
tural attraction  that  exists  between  solids 
and  fluids,  and  the  water  is  as  free  to  flow  as 
it  would  be  in  a  tube  of  such  larger  diame- 
ter that  the  bulk  of  liquid  contained  therein 
is  beyond  the  sensible  attraction  or  force  of 
adhesion  of  the  pipe. 

10.  This  curious  experiment  is  but  a  counterpart  of  what 
occurs  in  the  living  frame ;  and  here,  the  diameter  of  the  ca- 
pillary vessels  being  but  little  gi*eater  than  that  of  the  blood 
corpuscles,  the  adhesion  would  act  upon  every  particle  of  this 
fluid  were  it  not  counteracted  by  neuro-electric  influence,  if  I 
may  be  allowed  the  term. 

1 1.  The  force  of  the  heart  was  calculated  from  experiment 
by  M.  Poiseulle,  who  ascertained  the  blood  to  be  propelled 
with  a  force  that  would  sustain  a  column  of  mercury  six  inches 
in  height,  which  is  equal  to  a  pressure  of  three  pounds  on  the 
square  inch,  and  it  is  easily  proved  such  a  pressure  would  be 
insufiicient  to  circulate  the  blood  through  a  body  possessing 
no  living  neuro-electric  power  to  overcome  adhesion ;  for  let 
us  suppose  a  proportionate  pressure  applied  to  a  syringe  in- 
serted into  the  aorta,  for  the  purpose  of  injecting  all  the  arte- 

Phil.  Mag.  S.  3.  VoL  19.  No.  121.  July  1841.  D 
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nesy  capillaries,  and  veins  of  a  dead  body ;  this  pressures  on  a 
syringe  of  one  and  a  half  inch  in  diameter,  would  be  about 
four  pounds ;  and  surely  every  one  will  allow  that  a  force  of 
four  pounds  thus  applied  would  be  insufficient  to  inject  the 
whole  bodvy  even  with  a  liquid  much  less  viscid  and  adherent 
than  blood,  and  if  not  sufficient  to  inject  it,  how  much  less  to 
impel  such  a  circulation  throughout  the  system  as  is  main- 
tained in  the  living  being  I 

12.  That  the  heart  derives  no  assistance  from  the  arteries 
in  propelling  the  blood,  may  be  proved  from  the  structure  of 
these  vessels.  To  possess  a  propulsive  power  they  must  have 
muscular  contractility ;  mere  elasticity  of  tissue  endows  them 
with  no  force ;  it  simply  causes  them  to  act  as  regulators  to 
the  flow  of  blood  impelled  in  waves  by  the  rhythmic  action  of 
the  heart;  the  air  chamber  in  the  fire  engine  is  a  similar  re- 
gulator to  the  jet  of  water,  compensating  for  the  periodic  in- 
jections of  the  pumps ;  the  elasticity  of  the  arteries  causes  a 
continuous  flow  of  blood  through  the  capillaries,  but  cannot 
force  it  onwards.  It  has  been  fully  proved  by  Miiller,  Ber- 
zelius,  Hodgkin  and  others,  that  the  coats  of  the  arteries  are 
not  muscular;  and  I  need  not  enter  into  arguments  deduced 
from  experiment  on  their  non-muscularity,  for  I  believe  this 
is  now  the  generally  acknowledged  structure  of  the  arterial 
coats,  and  that  they  possess  no  more  muscular  action  than  so 
many  India-rubber  pipes,  having  but  elasticity,  which  re- 
mains long  after  death,  indeed,  until  decomposition  com- 
mences. 

13.  We  may  then  rest  satisfied  that  the  arteries  in  no  mea- 
sure assist  the  heart  to  propel  the  blood,  neither  can  the  veins 
to  any  considerable  amount;  and  we  are  therefore  driven  to 
the  necessity  of  acknowledging  that  as  the  heart's  force  ia  in* 
sufficient  to  overcome  the  adhesion  between  the  blood  and  the 
parietes  of  the  capillaries,  there  must  be  some  power  destroy- 
ing this  adhesion,  and  thus  allowing  the  heart  to  maintain  a 
free  circulation  throughout  the  whole  system. 

14.  This  power  destroying  the  adhesion,  I  hold  to  be  the 
neuro-electric  action.  I  have  already  shown  that  electric!^ 
suffices  for  a  like  purpose  in  inorganic  bodies,  and  physiolo- 
gical facts  prove  the  circulation  in  the  capillaries  to  be  greatly, 
if  not  altogether  influenced  by  the  nerves,  which  are  undoubt- 
edly the  sources  of  the  neuro-electric  power. 

15.  The  first  of  these  facts  is,  that  tne  smaller  the  diameter 
of  the  capillaries,  the  greater  is  the  proportion  of  nerves  distri- 
buted upon  them,  this  being  necessary  to  give  the  larger  quan- 
tity of  fieiiro-electric  power  requisite  to  overcome  the  increased 
adihesion  in  these  smaller  capulariei^  caused  by  the  contact  of 
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th^  parietes  with  every  particle  of  blood  that  passes  throush 
them;  whereas,  in  those  capillarieSf  where  two  or  three  glo- 
bules can  pass  simultaneously,  a  smaller  amount  of  neuro^ 
eUchic  influence  is  required,  for  the  globules  are  further  re- 
moved from  the  parietes  of  the  tube,  and  therefore  less  under 
the  influence  of  the  attraction  of  adhesion. 

16.  Secondly.  Inflammation  may  be  considered  as  an  in- 
creased neuro-electric  action  on  the  capillaries,  which  electri- 
fying these  vessels  and  the  blood  to  a  higher  degree  than  in 
their  healthy  state,  the  adhesion  is  still  further  diminished ;  in 
those  capillaries  where  red  blood  before  circulated,  it  now  flows 
in  increased  quantity;  and  in  those  which  only  admitted  lymph 
in  the  healthy  state,  red  ^{lobules  now  enter,  as  may  be  seen 
in  inflammation  of  the  conjunctiva,  &c.  The  second  stage  of 
inflammation  is  reaction,  that  is,  a  diminished  amount  of  neuro- 
electric  influence;  the  force  of  adhesion  is  now  uncompensated ; 
the  red  particles  attach  themselves  to  the  sides  of  the  vessels, 
producing  the  state  called  congestion. 

17.  These  interesting  and  successive  phsenomena  can  be 
curiously  and  beautifully  imitated  bjr  the  apparatus  described 
in  section  9,  especially  if  blood  (retaining  its  fluidity)  be  used 
instead  of  water;  first  the  healthy  state--a  gentle  electric  ac- 
tion and  moderate  flow  of  liquid ;  then  by  an  increased  elec- 
tric action,  imitate  the  first  stage  of  inflammation  with  excess- 
ive flow  of  the  liquid;  then  in  the  state  of  reaction,  which  is 
a  deficiency  of  electricitv,  we  have  a  cessation  of  the  jet  of  li- 
quid, with  the  passage  of  a  few  drops  at  intervals;  this  imitates 
conation ;  and  it  is  but  to  transfer  these  successive  actions  to 
the  living  body,  and  the  analogy  is  complete. 

18.  Again,  what  is  turgescence  but  the  result  of  an  increased 
neuro«electric  action,  which,  destroying  the  adhesion  of  the 
blood  to  the  minute  capillaries  of  the  part,  renders  the  force 
of  the  circulation  sufficient  to  propel  the  blood  into  the  before 
empty  cavities?  It  can  be  nothing  else  but  this,  for  the  power 
of  the  heart  is  constant,  while  turgescence  is  but  an  occasional 
phaenomenon ;  neither  could  the  heart  direct  an  impulse  to  the 
blood  towards  any  particular  part  of  the  system ;  nor  do  I  see 
that  any  theory  of  this  peculiar  action,  except  the  one  I  have 
ventured  to  propound,  will  suffice  to  explain  it;  whereas  the 
destruction  of  the  force  of  adhesion,  whicn  I  have  fully  shown 
to  be  not  only  posuble,  but  most  probable,  is  quite  sufficient 
to  account  for  all  the  phsenomena,  and  will,  I  trust,  be  found 
a  simple  and  satisfactory  explanation. 

19.  Inflammation  or  turgescence  cannot  take  place  without 
a  change  of  nervous  action,  and  there  are  many  proofs  of  these 
phaenomena  being  entirely  dependent  upon  the  nerves  leading 
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to  the  parts  affected ;  thus  it  has  been  found  that  no  inflani'* 
mation  ensues  on  the  application  of  irritants  to  the  eye,  if  the 
fiflh  nerve  expanded  upon  the  conjunctiva  be  divided ;  the  ap- 
plication of  ammonia  to  an  eye  thus  injured  produced  no  effect, 
while  on  the  other  eye  of  the  animal,  the  nerves  of  v^hich  re- 
mained untouched,  a  similar  application  produced  a  violent 
inflammation. 

20.  It  has  also  been  proved  that  division  of  the  pudic  nerve 
completely  arrested  the  power  of  producing  turgesoence  in  the 
singular  structure  of  the  corpora  cavernosa,  discovered  by 
Miilier. 

21.  The  phaenomena  of  blushing  can  be  easily  expluned  if 
we  allow  that  an  affection  of  the  mind  produces  an  increased 
neuro-electric  action  in  the  face  and  neck,  which  by  compen- 
sating for  the  resistance  offered  by  the  capillaries  in  these  parts 
to  the  flow  of  blood,  they  are  easily  injected  by  the  force  of  the 
heart,  and  that  suffused  appearance  called  blushing  is  the 
result 

22.  The  languid  circulation  in  paralysed  limbs  is  the  d!ect 
of  a  deficiency  of  neuro-electric  action;  there  is  a  greater  re- 
sistance offered  to  the  passage  of  blood  through  the  paralysed 
capillaries,  a  slow  and  difficult  circulation  ensues,  and  when 
this  happens  to  excess,  those  vessels  that  before  admitted  the 
red  globules,  now  only  receive  lymph,  and  a  paleness  of  the 
part  is  the  consequence,  with  diminished  nutrition. 

2S.  These  several  phaenomena  tend  to  prove  that  a  change 
of  nervous  action  in  the  capillaries  is  sufficient  to  cause  an  in- 
creased or  diminished  circulation  of  blood  through  them,  and 
I  have  shown  this  may  be  accomplished  in  inorgaiuc  bodies 
by  a  change  in  their  electric  condition,  and  I  trust  the  ana- 
logy has  been  proved  to  be  complete  between  this  and  the 
nervous  or  neuro-electric  action  in  the  living  body*  Were  any 
thing  wanting  to  confirm  the  present  hypothesis,  I  may  addf, 
that  microscopic  observation  shows  us  the  red  globules  of 
blood  passing  through  the  capillaries  in  a  state  of  extreme 
self-repulsion,  and  also  removed  from  the  sides  of  these  tubes. 

24.  I  anticipate,  with  some  degree  of  satisfaction  and  con- 
fidence, that  the  new  theory  I  have  here  ventured  to  propound 
of  the  forces  tending  to  motion  of  the  blood,  will  have  the 
effect  of  increasing  our  pathological  knowledge  of  the  various 
changes  in  the  circulation,  and  clear  up  many  of  those  obscu- 
rities that  have  long  retarded  the  progress  of  medical  sci- 
ence. 

25.  The  question  may  be  asked,  whence  is  this  electricity 
or  the  neuro-electric  power  of  the  body  derived  ?  I  answer, 
by  respiration  from  the  atmosphere;  for  oxygen  gas,  in  corn- 
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billing  with  either  liquids  or  solids,  always  sets  electricity  free, 
and  in  the  process  of  respiration  a  large  Quantity  of  oxygen 
hourly  combines  with  the  blood  or  its  carbon ;  and  there  is 
necessarily  an  immense  Quantity  of  electricity  evolved  during 
this  action,  which,  electrifying  the  blood,  is  sufficient  to  pro- 
duce all  the  phsenomena  I  have  explained.  How  far  this 
electricity  may  be  attracted  and  retained  by  the  brain  and 
spinal  chord,  may  form  the  subject  of  subsequent  inquiry;  but 
tnere  can  be  litde  doubt  that  the  electricity  of  the  living  frame 
is  thus  derived  from  the  atmosphere,  and  it  is  extreme!  v  pro- 
bable that  the  air  expired  from  the  lungs  will  be  found  by  ex- 
periment to  be  hiffhly  electrified  from  tbe  same  cause. 

26.  The  fact  of  the  annihilation,  by  electricity,  of  the  ad- 
hesion between  solids  and  liquids,  will  be  found  of  great  value 
to  the  practical  anatomist  in  making  injections  of  anatomical 
preparations. 

27.  If  the  part  to  be  injected  is  strongly  electrified  while 
the  coloured  liquid  is  forced  into  it,  the  great  resistance  that 
in  general  exists  to  the  passage  of  the  liquid  through  the  fine 
capillaries  will  be  overcome,  the  fluid  will  pervade  the  whole 
tissue,  and  the  minutest  capillaries  will  be  filled  in  a  manner 
hitherto  deemed  impossible. 

28.  The  air-pump  is  sometimes  used  to  assist  the  injection 
of  anatomical  preparations,  and  it  may  be  employed  in  con- 
junction with  electricity;  but  I  believe  electricity  will  be  found 
suflScient  without  such  aid,  and  I  will  endeavour  to  describe 
the  simplest  method  of  thus  injecting  a  part. 

29.  Suspend  a  metallic  plate  from  the  ceiling,  or  any  other 
distant  support,  by  three  silken  strings,  in  the  manner  the 
pan  of  a  balance  is  hung;  upon  this  is  to  be  placed  the  part 
to  be  injected  with  the  reservoir  of  liquid,  in  order  that  it  may 
be  well  insulated,  and  thus  fitted  to  receive  a  strong  electric 
charge.  The  liquid  for  injection  may  be  contained  in  an 
elastic  botde  and  subjected  to  a  constant  pressure  by  a  weight, 
or  it  may  be  in  a  vessel  together  with  compressed  air,  the  ex- 
pansion of  which  will  force  out  the  liquid  when  the  channel  is 
open ;  or  in  a  reservoir,  at  a  height  above  the  part  to  be  injected, 
and  communicating  with  it  b^  a  pipe.  These  arrangements 
I  merely  throw  out  as  suggestions ;  an  ingenious  person  will 
soon  contrive  his  best  method  of  forcing  in  the  liquid.  I  only 
impress  the  necessity  of  insulating  all  the  apparatus,  together 
with  the  part  to  be  injected,  otherwise  it  cannot  become 
charged  with  electricitv :  the  best  mode  of  insulating  is  to 
place  the  whole  upon  the  metallic  plate,  suspended  upon  dry 
silken  strings  three  or  four  feet  long. 

50.  When  the  apparatus,  &c.  is  upon  the  plate,  make  a  me- 


Digitized 


by  Google 


S8       Mr.  Stenhouse  on  the  Action  of  Peroxide  of  Lead 

tallic  communication  between  it  and  the  prime  condactor  of 
an  electric  machine,  then  charge  the  whole  powerfully  with 
electricity,  and  the  liquid  will  now  flow  through  the  minutest 
capillaries,  and  this  without  any  risk  of  rupturing  these  fine 
vessels. 

[To  be  continued.] 


VI.     On  the  Action  of  Peroxide  of  Lead  on  CinnanucAdd 
and  on  Salicine.     By  John  Stenhouse,  Esq.* 

IT  is  well  known  that  when  cinnamic  acid  is  digested  with 
nitric  acid,  oil  of  bitter  almonds  is  formed,  which  is  easily 
recognisable  b^  its  smell,  and  the  cinnamic  acid  is  converted 
into  the  benzoic  acid.  If  strong  nitric  acid  is  employed,  how- 
ever, and  the  digestion  is  long  continued,  the  benzoic  acid  is 
still  further  resolved  into  the  nitro-benzic  acid  of  Muldo*. 
I  was  induced  to  try  if  peroxide  of  lead  would  also  have  the 
effect  of  converting  cinnamic  into  benzoic  acid.  On  boiling 
a  solution  of  cinnamic  acid  with  peroxide  of  lead,  the  smell 
of  oil  of  bitter  almonds  was  immediately  emitted,  and  the  per- 
oxide of  lead  became  of  a  light  ochre  colour.  This  change 
of  colour  was  owing  to  the  r^uction  of  the  peroxide  of  lead 
to  the  state  of  protoxide.  In  order  to  determine  with  what 
acid  the  lead  had  combined,  the  salt  was  decomposed  with  di- 
lute sulphuric  acid,  and  the  organic  acid  thus  set  free  was 
purified  by  repeated  crystallizations.  It  had  all  the  external 
characters  of  benzoic  acid.  The  following  are  the  results  of 
its  analysis : — 
gnunme. 

I.  0*2879  substance  gave  0*725  carbonic  acid,  and  0*1  S20 
water. 

II.  0*2885  substance  gave  0*7296  carbonic  acid,  and  0*129 
water. 

I.  II,  Calculated  nmnberB. 

C  69*62  69*91  69*27 

H    5*07  5*00  4*84 

O  25*81  25*09  25*89 


100*00  100-00 

Now  these  approach  pretty  nearly  the  calculated  numbers 
for  hydrated  benzoic  acid,  the  formula  for  which  is 

C  14  =  69-27  per  cent. 
H    6  =     4*84 
O    4  =  25-89 

*  Communicated  by  the  Author* 
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The  slight  excess  in  the  carbon  is  probably  owing  to  a 
little  of  the  cinnamic  acid  having  escaped  decomposition. 

Peroxide  of  lead  is  therefore  a  more  elegant  test  for  cin- 
namic acid  than  nitric  acid,  as  there  are  no  fumes,  as  is  the 
case  when  nitric  acid  is  employed  to  disguise  the  smell  of  oil 
of  bitter  almonds,  the  taste  of  which  is  easily  perceptible  in 
the  liquid* 

Hypochlorite  of  lime  also  converts  cinnamic  acid  into  ben- 
zoic, but  the  oily  liquid  which  is  then  formed  is  not  oil  of 
bitter  almonds,  as  its  taste  and  smell  are  auite  different,  and 
much  more  aromatic.  The  extremely  smallxjuantity  in  which 
it  was  obtained,  however,  unfortunately  preventea  me  from 
being  able  to  subject  it  to  examination.  The  cinnamic  acid 
on  vmich  I  operated,  was  obtained  by  boiling  balsam  of  Peru 
with  a  solution  of  potash,  which  is  the  most  oeconomical  pro- 
cess for  cinnamic  acid. 

Action  of  Peroxide  iff  Lead  on  Salicine. 

When  a  solution  of  salicine  was  boiled  with  a  quantity  of 

Eroxide  of  lead,  the  peroxide  of  lead  gradually  assumed  a 
ht  brown  colour.  The  whole  was  then  thrown  upon  a 
filter^  and  the  clear  liquid  which  passed  through  had  a  bitter, 
and  at  the  same  time  a  sweetish  taste,  which  reminded  one  at 
once  of  that  of  salicine  and  of  the  soluble  saltsof  lead.  A  portion 
of  the  liquid  was  introduced  into  a  retort,  and  a  little  sul- 
phuric acid  was  added.  This  occasioned  a  copious  precipi* 
tate  of  sulphate  of  lead,  and  the  red  coloured  substance  called 
rutiline,  which  is  always  produced  when  sulphuric  acid  acts 
upon  salicine,  also  made  its  appearance.  On  applying  a  gentle 
heat  the  liouid  which  passed  into  the  receiver  was  strongly 
acid,  and  wnen  heated  with  a  few  drops  of  nitrate  of  silver, 
the  oxide  of  silver  was  reduced  to  the  metallic  state,  clearly 
indicating  the  presence  of  formic  acid.  The  other  portion 
of  the  liquid,  on  standing  some  time,  became  muddy,  and  de- 
posited a  small  quantity  of  a  flocculent  precipitate.  On  add- 
ing a  few  drops  of  ammonia,  however,  a  very  bulky  preci- 
pitate fell,  which  was  soluble  in  acetic  acid  and  in  solution  of 
potash.  It  consisted  of  the  combination  of  lead  and  salicine 
discovered  and  analysed  by  Piria.  On  treating  it  with  a  cur- 
rent of  sulphuretted  hydrogen  till  all  the  lead  was  precipi- 
tated, and  purifying  the  salicine  thus  set  free  by  two  or  three 
crystallizations,  I  found  that  the  salicine  had  undergone  no 
alteration.  On  being  subjected  to  analysis, 
gramine. 
I.  0*8247  substance  gave  0-65  carbonic  acid,  and  0*1865 
water. 
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The  formula  for  salicine  is  C42  H^jg  O^^^  = 

Calculated  numbers. 
C  55*35  per  cent.         C^  =  56*69 
H    6*38  H2g=    6-26 

O  38*27  O^  =  38-05 


100*00  100*00 

It  appears  then  that  when  salicine  is  treated  with  peroxide 
of  lead,  formate  of  lead  and*  the  combination  of  lead  and  sa- 
licine are  the  results. 

Salicone. — When  salicine  is  intimately  mixed  with  half  its 
weight  of  Quicklime  and  subjected  to  destructive  distillation,  a 
quantity  ota  heavy  reddish  coloured  oil  and  some  water  pass 
into  the  receiver,  while  carbonate  of  lime,  mixed  with  charcoal, 
remains  in  the  retort.  The  oil  has  a  very  pungent  taste,  and 
an  empyreumatic  smell,  somewhat  resembling  that  of  crea- 
sote.  It  was  rendered  colourless  by  one  or  two  rectifications 
which  deprived  it  of  most  of  its  empyreumatic  odour.  Alkalies 
in  the  cold  had  no  effect  upon  it,  but  when  heat  was  applied 
the  oil  was  changed  into  a  dark  resinous  mass.  Nitric  acid 
attacked  it  violently,  even  in  the  cold,  with  the  evolution  of 
deutoxide  of  azote.  Sulphuric  acid  reddened  it  in  the  cold, 
and  when  assisted  by  heat  blackened  it,  and  gave  off  sul- 
phurous acid.  It  dissolved  iodine  very  readily,  but  with- 
out explosion,  even  when  heat  was  applied.  "When  rectified 
the  first  and  last  portions  of  the  oil  were  rejected.  The  middle 
portion  had  a  specific  gravity  of  1*0212.  It  began  to  boil  at 
260°  Fahrenheit,  but  the  boiling  point  gradually  rose  to  272*^ 
Fahrenheit.  It  was  rendered  anhydrous  by  being  allowed  to 
stand  for  some  days  over  fused  chloride  of  calcium.  AVhen 
subjected  to  analysis, 
gramme. 

I.  0*308  substance  gave  0*842  carbonic  acid,  and  0*214 
water. 

II.  0*3085  substance  gave  0*849  carbonic  acid,  and  0*206 
water. 

III.  0*326  substance  gave  0*886  carbonic  acid,  and  0*226 
water. 


I. 

II. 

111. 

C    75-59 

76-12 

75-45 

H     7-72 

7-41 

7-77 

0    16-69 

16-47 

16-78 

100*00  10000  100*00 
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It  is  somewhat  remarkable  that  this  is  identical  with  the 
composition  which  Dr.  Ettiing  found  for  creasote. 
Analysis  of  creasote  by  EtUing. 

Carbon 75*56 

Hydrogen 7*78 

Oxygen 16*66 

100*00 

As,  however,  I  have  not  been  able  to  determine  the  atomic 
weight  of  salicone,  I  do  not  think  it  worth  while  deducing 
any  formula  from  these  numbers.  When  salicine  is  destruc- 
tively distilled  without  any  lime,  it  also  yields  an  empyreuma- 
tic  oiL 
Glasgow,  April  10,  1841. 


VII.     Notices  of  the  Eestdts  of  the  Labours  of  Continental 
Chemists.    By  Messrs.  W.  Francis  and  H.  Croft. 

[Continued  from  vol.  xviii.,  p.  546.] 

Action  of  High  Temperature  on  Mellitate  of  Ammonia.    By 
F.  Wohler. 

1 T  might  with  some  probability  be  supposed  that  the  honey- 
^  stone  or  mellite  is  contained  in  the  mass  of  the  brown  coal 
of  Artem  in  such  small  particles  as  to  escape  observation. 
According  to  Wbhier's  experiments,  however,  this  is  not  the 
case.  The  substance  which  remains  after  the  mineral  has  been 
treated  with  carbonate  of  ammonia  is  alumina ;  but  it  always 
contains  a  little  mellitic  acid,  probably  as  basic  salt,  for  on 
dissolving  in  nitric  acid  and  evaporation,  small  crystals  are 

obtained,  which  are  regenerated  mellite,  Al  Me®  +  18  aq.  Mel- 
litate of  ammonia  loses  ammonia  by  boiling,  and  is  converted 
into  an  acid  salt;  if,  therefore,  the  mineral  has  been  boiled 
with  the  carbonate,  it  may  easily  happen  that  an  acid  salt  is 
formed,  and  thereby  alumina  dissolved.  This  alumina  then 
passes  into  the  lead  or  silver  salts,  from  which  the  acid  is 
then  obtained  in  an  impure  state,  viz.  containing  alumina. 
It  is  therefore  better,  on  decomposing  the  mellite  with  carbon- 
ate of  ammonia,  to  add  a  few  drops  of  caustic  ammonia  from 
time  to  time.  The  acid  ammonia  salt  is  much  more  soluble 
than  the  neutral  one.  The  acid  crvstallizes  from  a  concen- 
trated solution  in  fine  silky  needles;  does  not  lose  water 
when  heated  to  SOO^'C.  Formula,  C^O^+H'O.  Wohler  for- 
merly stated  that  nitric  acid  precipitated  a  somewhat  insoluble 
salt  from  the  neutral  mellitate  of  potassa ;  this  is,  however,  not 


Digitized 


by  Google 


M        Notices  of  the  Labours  ofContinefUal  Chemists. 

the  acid  salt,  but  a  compound  of  the  acid  mellitate  with  nitrate 

of  potassa,   K  N  -f-  4-  K  Me'  +  10  aq.     By  heating  it  loses 

7  per  cent,  water,  or  6  atoms ;  the  other  4  atoms  are  not  driven 
off  before  the  salt  decomposes;  its  rational  formula  is,  there- 
fore, kN  +  4.(KMe+H  Me)  +  6  aq.  The  true  add 
mellitate  of  potassa  forms  large  transparent  crystals,  easily 
soluble  {K  Me  +  fl  Me)  +  4  aq.    ^ths  of  the  water  is  driven 

off  by  heat.  Mellitate  of  ammonia  (N^  H^  O  +  Me),  when 
heated  to  150^  C,  loses  ammonia  and  water,  and  is  converted 
into  two  new  substances,  both  of  which  contain  nitrogen. 
One  of  them  is  an  acid,  and  this  is  probably  the  first  case 
known  of  the  production  of  an  organic  acid  containing  nitro^ 
gen  from  the  ammonia  salt  of  one  which  contains  no  nitrogen. 
The  metamorphosis  may  be  easily  produced  by  exposing  a 
thin  layer  of  the  mellitate  for  several  hours  to  a  temperature 
of  150^  to  160^  in  an  oil-bath.  The  operation  must  be  con- 
tinued until  no  more  ammonia  is  evolved.  The  temperature 
must  not  rise  above  160°.  (A  concentrated  solution  of  melli- 
tate of  ammonia,  if  contained  in  a  sealed  tube,  may  be  ex- 
posed for  hours  to  a  temperature  of  200^  without  any  change 
being  effected.)  The  pale  yellow  powder  which  remains  is 
treated  with  cold  water,  which  separates  it  into  two  substances ; 
it  is  washed  with  cold  water  as  long  as  the  filtered  solu- 
tion reacts  acid.  On  evaporating  an  aeid  salt  is  obtained  as 
a  scarcely  crystalline  mass.  The  insoluble  body  is  called 
paramid,  the  acid  in  the  soluble  ammonia  salt,  eucbronic  acid 
(eSp^poof,  beautiful  colour)  •  Paramid  is  white,  and  forma  hard 
conglomerated  masses ;  becomes  yellow  in  the  air ;  perfectly 
tasteless  and  inodorous:  when  moistened  looks  and  smells 
like  wet  clay;  insoluble  in  water,  alcohol,  nitric,  and  even 
nitro-muriatic  acid ;  is  dissolved  by  hot  sulphuric  acid,  but 
is  separated  unchanged  by  water.  Heated  to  200®  undergoes 
no  cnange ;  does  not  lose  water.  When  heated  more  strongly 
is  decomposed,  gives  off  cyanide  of  ammonium,  and  forms  a 
sublimate  which  is  partly  bluish-green  and  half  fused^  and 
consists  partly  of  sulphur  yellow  crystals  of  a  very  bitter  taste. 
Paramid  is  dissolved  by  long  (several  days)  boiling  wid)  water, 
and  on  evaporating  an  ammonia  salt  is  obtmned.  At  a  tem- 
perature ot  200^  this  change  is  soon  effected.  The  salt  pro- 
duced is  acid  mellitate  of  ammonia*  Hence  this  body  belongs 
to  the  class  of  the  amides.  The  composition  of  paramid  is 
(38  H«  N^  O^.  Two  atoms  of  mellitate  of  ammonia  lose  1  atom 
of  ammonia  and  4  atoms  of  water,  C^  H>*  N<0%  or  2  (N* 
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H*0,  OO^  -  (N«H*-h  H«0*)»  OH*N»0.  How- 
ever,  the  process  is  not  simple,  on  account  of  the  simulta*- 
neous  formadon  of  euchronic  acid.  By  boiling  with  water 
paramid  takes  up  2  atoms  and  forms  I  atom  ammonia  and 
S  atoms  of  mellitic  acid,  C«  H*  N»  O*  +  H*  O*  =.  2  C*  0» 

The  metamorphosis  takes  place  best  at  200^;  at  100^  eu- 
chronate  of  ammonia  is  formed,  and  at  this  temperature  remains 
unchanged.  Paramid  is  soluble  in  alkalies,  and  when  heated 
with  them  becomes  voluminous,  and  is  dissolved  on  addition 
of  water.  If  hydrochloric  acid  be  instantly  added,  unchanged 
paramid  is  precipitated ;  if,  however,  it  be  allowed  to  stand, 
ammonia  is  evolved,  and  the  solution  then  contains  at  first 
euchronic  acid,  and  at  a  later  period  mellitic  acid.  This 
chanffe  takes  place  instantly  on  the  application  of  heat.  By 
dissoTvinff  paramid  in  ammonia  and  instantly  precipitating  by 
nitrate  of  silver,  a  compound  of  paramid  with  oxide  of  suver 
was  obtained,  which  aid  not  lose  water  at  150^;  thb  shows 
that  paramid  does  not  contain  water,  and  cannot  therefore  be 

Euchronic  Acid. — That  part  of  the  product  obtained  by  heat^ 
ing  mellitate  of  ammonia,  which  is  soluble  in  water,  is  acid  eu- 
chronate  of  ammonia ;  if  the  decomposition  be  not  completed 
it  contains  acid  mellitate ;  if  the  temperature  is  too  high  it 
is  yellow,  and  contains  the  yellow  bitter  matter.  It  is  de^ 
posited  in  white  scarcely  crystalline  crusts,  reacts  strongly 
acid,  is  not  very  soluble  in  cold  water,  and  die  paramid  must 
therefore  be  edulcorated  for  a  long  time.  To  obtain  the  acid, 
the  salt  is  dissolved  in  the  smallest  possible  quantity  of  hot 
water,  and  the  hot  solution  treated  with  nitric  or  hydrochloric 
acid;  on  cooling  the  acid  separates  as  a  white  crystalline  pow- 
der. It  may  be  purified  by  re-soludon  in  boiling  water,  and 
may  be  obtained  in  small  crystals.  It  is  verv  strongly  acid, 
tastes  like  bitartrate  of  potassa.  The  crvstals  lose  water  when 
heated,  and  become  opake.  If  crystallized  firoro  a  solution 
containing  sal-ammoniac,  it  often  contains  a  trace  of  ammonia, 
and  is  then  of  a  vellowish  colour.  It  loses  2  atoms  of  water 
at  200*.  Can  be  heated  to  280®  without  change ;  further 
heated  is  decomposed,  and  gives  cyanide  of  ammonium  and  a 
deep  green  bitter  sublimate.  Heated  with  but  very  little 
water  to  200®  in  a  closed  tube  it  is  dissolved,  and  in  the 
solution  is  found  acid  mellitate  of  ammonia.  If  a  piece  of 
metallic  zinc  be  put  into  a  solution  of  euchronic  acid,  it  be- 
comes instantly  covered  with  a  layer  of  a  splendid  blue  colour ; 
if  the  plate  of  metal  be  dipped  into  dilute  hydrochloric  acid, 
tha  blue  deposit  is  separateo,  and  may  be  washed  and  dried. 
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It  then  forms  a  black  mass,  which  does  not  contain  zinc  On 
heating  very  slightly,  even  on  paper,  it  becomes  instantly 
white,  and  is  changed  into  euchronic  acid.  This  is  exactly 
the  same  as  with  the  deoxidized  indigo^  only  vice  versd  with 
regard  to  the  colours.  Wohler  therefore  proposes  for  this 
blue  body  the  name  of*  Euchron.  It  is  soluble  in  ammonia 
and  the  alkalies,  yielding  splendid  purple  colour ;  but  the  solu* 
tion  decolorated  with  great  rapidity.  If  a  solution  of  proto* 
chloride  of  iron  be  mixed  with  a  solution  of  euchronic  acid 
no  change  is  produced,  but  on  addition  of  an  alkali  a  volumi- 
nous violet-coloured  precipitate  is  produced,  which  oxidizes 
in  the  air  with  the  greatest  rapidity.  By  the  action  of  zinc 
on  a  boiling  solution  of  euchronic  acid  an  almost  impercep- 
tible quantity  of  gas  (hydrogen  or  ammonia)  is  evolved,  but 
this  is  doubtless  a  secondary  product;  a  white  powder  is 
formed  in  small  quantity  at  the  same  time ;  it  appears  to  be 
mellitate  of  zinc  A  hot  solution  of  euchronic  acid  forms,  in 
a  dilute  soludon  of  nitrate  of  silver,  a  yellow  precipitate,  which 
is  dissolved  again  on  shaking,  but  on  cooling  b  deposited.  It 
is  not  dissolved  by  ammonia,  but  becomes  changed  and  passes 
milky  through  the  filter,  &c.  The  lead  ^alt  is  obtained  by 
adding  a  boiling  solution  of  euchronic  acid  to  a  dilute  so- 
lution of  neutral  acetate  of  lead.  The  salt  is  deposited  on 
cooling  as  a  vellow  powder^  or  in  small  yellow  crystals.  The 
filtered  fluid,  if  boiled,  deposits  white  mellitate  of  lead. 
Heated  to  160°  loses  11-36  per  cent,  water.  Both  this  salt 
(dried  at  160^)  and  the  silver  salt,  however,  still  contain  water. 
The  composition  of  the  euchronic  acid  is  C"  N*  O*.  Atomic 
weight  1 694*29.  The  anhydrous  silver  salt  is  2  Ag  +  C  N* 
0«,  the  hydrated  2  Ag  +  C»«  N«  O  +  H«  O. .  The  lead 
salt,  dried  at  150°,  is  I^b  +  C»*  N«  O^  +  H«  O.  The  cry- 
stallized  salt  is  Pb  +  C»«  N«  0«  +  5  H«  O.  Euchronic  acid 
heated  to  200°  is  C»«  N^  0«  +  2  H«  O ;  the  crystallized  con- 
tains 2  atoms  of  water  more.  The  acid  euchronate  of  am- 
monia, obtained  by  heating  the  mellitate,  is  N*  H^  O  +  H^ 
O .  C*  N*  0« ;  it  is  not  changed  at  200°.  The  decomposition 
of  the  mellitate  of  ammonia  is  then  as  follows : — Seven  atoms 
are  decomposed  and  form  2  atoms  of  paramid,  1  atom  of 
euchronic  acid,  4  atoms  of  ammonia,  and  14  atoms  of  water. 
2  atoms  Paramid  .  .  .  .  =  C»«  H*  N*  O^ 
1  atom  Euchronic  acid  .  .  =  C*  N«  O* 
4  atoms  Ammonia  .  .  .  .  =  H''^  N» 
14  atoms  Water =        H^        O'^ 

7  atoms  Mellitate  of  ammonia  =  C^  H*«  N"  0«« 
By  the  metamorphosis  of  euchronic  acid  by  water  at  200^, 
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into  mellitic  acid  and  ammonia,  1  atom  oF  acid  and  3  atoms 
of  water  form  8  atoms  of  mellitic  acid  and  1  atom  of  ammonia, 

3  atoms  Me  =  C>*  0» 

1  atom  Am  =        H«N* 

Ci«H«N*0«  =  0«N«0«  +  3  H«0. 

By  the  conversion  of  paramid  into  mellitate  of  ammonia, 
only  two  atoms  of  mellitic  acid  are  formed.  Moreover,  3  atoms 
of  paramid  =  2  atoms  euchronic  acid  +  1  atom  ammonia. 
Paramid  is  bieuchronate  of  ammonia  minus  2  atoms  of  water. 
It  is  probable  that  paramid  and  euchronic  acid  form  in  high 
temperatures  other  interesting  products.  A  deep  green  sub- 
limate and  yellow  needles  are  always  formed,  &c.  &c.  &c. — 
{Annalefi  der  Pharmaciey  xxxvii.  63.) 

Products  of  the  Action  of  Nitnc  Acid  on  Naphthalin.  Bi/  C.  de 
Marignac,  qf  Geneva. 

Laurent  has  shown  that  by  the  action  of  nitric  acid  on 
naphthalin  two  products  are  obtained ;  when  the  action  takes 
place  in  the  cold  a  substance  is  formed  having  the  composition 
Qio  H»*  N«  O.  Nitronaphthalase  (Berzelius's  nitrite  of  the 
oxide  of  Ikodekatesseryl),  by  the  aid  of  heat,  C**  H»«  N*  O*  = 
2  (C^o  H* .  N«  O).  Nitronaphthalese  (nitrite  of  the  oxide  of 
Dekahexyl)  is  produced.  The  action  of  nitric  acid  does  not, 
however,  cease  here;  if  it  be  continued  two  other  substances 
are  formed.  When  nitronaphthalese  is  once  formed,  the  acid 
acts  but  very  slightly,  and  no  more  red  vapours  are  evolved 
until  the  greater  part  of  the  nitric  acid  has  passed  over,  when 
^e  temperature  rises  and  red  vapours  are  formed.  In  order 
to  obtain  the  products  thus  formed,  De  Marignac  added  the 
nitric  acid  to  the  naphthalin  in  the  retort  in  small  portions, 
and  waited  each  time  until  all  action  had  ceased ;  the  opera- 
tion was  continued  several  days,  and  the  residue  in  the  retort 
every  evening  washed  with  water,  in  order  to  extract  soluble 
matters.  Three  products  were  thus  obtained: — 1st,  An 
acid,  nitronaphthalic  acid,  soluble  in  water.  2ndly,  An  inso- 
luble residue,  nitronaphthalise.  Srdly,  A  substance  in  fine 
flexible  needles,  which  sublimed  in  the  neck  of  the  retort  and 
passed  over  dissolved  in  the  nitric  acid ;  this  substance  proved 
to  be  nitronaphthalese. 

Nitrotiaphthalise. — The  residue  in  the  retort  must  be  washed 
with  boiling  water  and  then  treated  with  cold  aether,  which 
dissolves  a  little  of  a  yellow  resinous  substance.  The  nitro- 
naphthalise thus  obtained  has  a  tinge  of  yellow,  is  almost  in- 
soluble in  aether,  even  when  boiling,  but  little  soluble  in  boil- 
ing alcohol,  out  of  which  it  falls  as  a  crystalline  powder,  in- 
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soluble  in  cold  water ;  boiling  water  dissolves  merely  a  trace; 
slightly  soluble  in  nitric  acid,  precipitated  by  water.  Caustic 
and  carbonated  alkalies  dissolve  it  with  a  red  colour,  which 
soon  becomes  black ;  melts  a  little  above  100%  may  be  vola- 
tilized without  residue,  but  is  often  rapidly  decomposed  with 
sli^t  detonation.  Formula,  C^  H^^  N^  0'%  or,  according 
to  Laurent's  view,  C*»  H»»  O^  4-  3  N*  O^.  The  alkalme 
solution  is  at  first  red,  becomes  brown,  and  ammonia  is 
evolved ;  on  the  addition  of  an  acid,  carbonic  acid  is  siven  o% 
and  brown  flocks  are  precipitated.  This  brown  body  is  in- 
soluble  in  water,  alcohol  and  aether,  soluble  in  caustic  and 
carbonated  alkalies,  these  solutions  form  brown  precipitates  in 
silver,  lead,  baryta,  and  lime  salts;  the  compounds  thus  ob- 
tained have  no  determinate  composition.  The  probable  com* 
position  of  the  brown  body  appears  to  be  C>«  li«  N*  O*.  By 
the  formation  of  this  brown  substance,  formic  and  hydro^- 
anic  acids  are  also  probably  produced. 

Nitronaphthalic  Add* — Is  formed  in  very  small  qoantides 
under  peculiar  circumstances.  It  is  generally  mixed  in  its 
solution  with  a  small  quantity  of  a  resin,  from  which  it  may 
be  separated  by  evaporating  to  dryness  and  treating  with  a 
little  cold  water;  the  little  nitric  acid  which  remains  suffices 
to  dissolve  the  resin,  and  nitronaphthalic  acid  is  left  behind  as 
a  yellow  crystalline  powder.  May  be  purified  by  re-scdution 
in  water  or  aether,  and  crystallization.  The  resin  thus  sepa- 
rated still  contains  nitronaphthalic  acid.  This  acid  is  soluble 
in  boiling  water,  and  more  so  in  alcohol  and  nther;  does  not 
contain  water.  Formula,  C><^  H^^  )j9  Oi«.  This  is  the  crystal- 
lized acid ;  in  the  baryta  and  silver  salts  two  atoms  of  water 
are  replaced  by  two  atoms  of  base.  The  formula  of  the  silver 
salt  is,  therefore,  C^^  H^"  N«  O»o  +  2  Ag  O.  The  ammonia 
salt  is  easily  soluble  in  water,  and  tolerably  so  in  aloohdl; 
the  silver  siJt  is  white  and  insoluble.  The  ammonia  salt  and 
acetate  of  lead  give  a  basic  lead  salt,  which  is  a  yellowish 
white  insoluble  powder,  C|«  »  N«  O»o  +  4  Pb  O.  The  ba- 
ryta salt  is  yellowish  white,  insoluble,  contains  no  water.  The 
nitronaphthalic  acid  is,  therefore^  evidently  a  bibasic  acid.  Ni* 
tronaphthalate  of  lead  seems  to  form,  under  the  action  of  sul- 
phuretted hydrogen,  another  acid,  which  M.  de  Marignac 
intends  at  a  future  period  to  examine. 

In  a  second  paper  M.  de  Marignac  states,  that  bv  the  ac- 
tion of  nitric  acid  on  hydrochlorate  of  chloronaphthalese, 
C«o  H^<i  Cl%  be  obtained  an  acid  and  a  volatile  fluid.  The 
acid  did  not  agree  at  all  with  Laurent's  naphthalic  acid.  The 
fluid  product  passes  over  into  the  receiver  with  the  nitric  acid, 
and  separates  from  it  on  account  of  its  greater  specific  gravi^^ 
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part,  however,  remains  dissolved.  It  is  purified  by  washing 
and  distillation  with  water.  It  is  perfectly  colourless,  trans* 
^rent,  sp.  gr.  cs  1*685  at  15^  R.  (?);  has  an  irritating  smell 
like  chloride  of  cyanogen ;  is  scarcely  soluble  in  water;  easily 
so  in  alcohol  anci  aather.  Forms,  by  the  action  of  an  alcoho- 
lic solution  of  potassa,  a  crystalline  potassa  salt.  Formula, 
C»  Cl»  N*  O,  perhaps  C  Cl»  +  N«  O.  The  density  of  the 
vapour  could  not  be  determined. 

M.  de  Marignac  considers  naphthalin  as  composed  of  two 
hydrocarbons,  C*^  H^  -f-  C^  H® ;  chlorine  can  only  extract  one 
half  of  the  hydrogen  and  form  C^^  H'  +  O  Cl»;  it  is  evident 
that  eight  atoms  must  be  in  a  diflferent  state  of  combination 
from  tnat  in  which  the  other  eiffht  atoms  are.  These  two 
bodies  may  be  separated  from  each  other,  but  they  then  enter 
into  new  combinations.  Nitronaphthalic  acid  may  be  con- 
sidered as  an  oxide  of  C»«  H^  N«  O,  viz.  C>«  H«  N«  O  -h  0«. 
This  radical  has  arisen  from  C'^  H^  by  the  substitution  of 
one  equivalent  hyponitric  acid  for  one  equivalent  hydrogen. 
Hydrochlorateofchloronaphthalese  is  C»<^  H«  +  (5H'CK 
From  the  radical  C^^  H"  the  naphthalic  acid  is  derived,  whiles 
from  the  other,  C^  Cl^  +  N*  0»^  is  produced,  &c 

Action  of  Potassa  on  Camphor.    By  Delalande. 

"When  the  vapours  of  camphor  are  passed  over  a  mixture  of 
potassa  and  lime,  heated  in  a  tube  to  between  300°  and  400% 
they  are  absorbed^  and  no  gas  is  evolved ;  the  product  is  ex« 
tracted  with  hot  water,  and  the  filtered  solution  precipitated 
by  an  acid ;  a  white  crystalline  acid  is  thus  obtained,  which, 
when  pure^  may  be  distilled  unchanged,  and  for  which  the 
name  of  Campbolic  acid  is  proposed.  Campholic  acid  cry- 
stallizes well  out  of  its  alcoholic  solution.  It  has  a  very  simi- 
lar appearance  to  camphor;  reddens  slightly  litmus  paper, 
but  saturates  bases  perfectly;  melts  at  80^;  boik  at  250^;  not 
soluble  in  water,  to  which,  however,  it  imparts  an  aromatic 
odour;  readily  soluble  in  alcohol  and  ether.  The  tempera- 
ture used  during  preparation  must  be  strictly  attended  to,  for 
the  operation  does  not  always  succeed.  It  is  best  performed 
in  closed  tubes;  the  vapours  are  passed  backwards  and  for- 
wards over  the  heated  mixture  several  times.  The  formula  is 
Q90  (jso  o^  Campholate  of  silver  is  obtained  by  precipitating 
nitrate  of  silver  with  campholate  of  ammonia;  is  a  white  ca- 
seous substance,  which  easily  retains  nitrate  of  silver,  and  must 
be  dried,  pulverized,  and  repeatedly  washed.  Consists  of  C^ 
H^^  O  +  Ag  O.  Campholate  of  lime,  when  an  ammoniacal 
solution  of  campholic  add  is  added  boiling  hot  to  chloride  of 
calcium.   It  is  white^  crystalline ;  more  readily  soluble  in  cold 
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than  in  hot  water,  C«>  H^^  O*,  Ca  O,  or  C«>  H"  O^,  Ca  O  + 
H^  O.  The  specific  gravity  of  the  vapour  of  campholic  acid^ 
is  6*058,  according  to  experiment;  calculatedf  it  is  5*938.* 
Campholic  acid  is,  camphor  +  2  Aq. 

If  campholicacid  be  distilled  with  anhydrous  phosphoric  acid, 
and  the  product  rectified,  a  colourless  oil  is  obtained,  which 
boils  at  IS5^.  Its  formula  is  C^«  H^^ .  It  is  named  Caropholen. 
The  specific  gravity  of  the  vapour  is  4*S5S,calculatcd  4*344. 

By  the  distillation  of  a  mixture  of  campholic  acid  with  caustic 
lime,  an  oil  is  obtained,  whose  formula  is  C^H'^O,  i.  e.  anhy- 
drous campholic  acid,  minus  carbonic  acid,  C*°  H"  O— C  O*. 
{Annates  de  Chimie  et  de  Phys.  trois.  ser.  i.  p.  120 — 127.) 

On  Bromic  Acid^  and  its  Salts. 

Notwithstanding  the  various  researches  which  have  been 
made  on  bromine  since  its  discovery  by  Balard  in  1826,  seve- 
ral points  in  the  history  of  this  interesting  body  have  hitherto 
been  but  imperfectly  investigated,  and  among  others,  more 
especially  its  combinations  with  oscygen.  To  fill  up  some  of 
these  voids  has  been  the  object  of  Dr.  Rammelsberg,  who^  in 
a  paper  recently  laid  before  the  Academy  of  Berlin,  has  de- 
scribed a  number  of  the  bromates,  and  several  experiments  to 
obtain  hyperbromic  acid,  in  which,  however,he  has  not  proved 
successful.  Balard's  experiments  to  obtain  hypobromous  acid 
showed  that  the  tendency  of  bromine  to  combine  with  oxygen 
was  exceedingly  weak ;  bromic  acid  decomposes,  under  all  cir- 
cumstances, more  easily  almost  than  chloric  acid,  and  in  this 
respect  cannot  at  all  be  compared  with  iodic  acid.  Bromate 
of  potash  is  converted,  on  heating  below  strong  redness,  im- 
mediately into  bromide  of  potassium;  gaseous  chlorine  does 
not  produce  at  any  temperature,  even  with  an  excess  of 
base,  any  decomposition.  Bromic  acid  itself  decomposes  at  a 
temperature  of  120^  into  bromine  and  oxygen.  The  iodates 
of  barytes,  strontian  and  lime  are  converted  on  heating  into 
basic  hyperiodates ;  such  is  not  the  case  with  the  correspond- 
ing bromates,  which  are  immediately  reduced  to  the  state  of 
bromides.  Among  the  salts  examined,  the  bromate  of  am- 
monia is  remarkable  from  the  property,  not  only  on  heating, 
but  even  after  a  short  time,  without  any  external  cause,  of 
decomposing  with  violent  detonation  into  bromine,  nitrogen 
and  water;  while  probably  at  the  same  time  oxygen  is  set 
free,  or  forms  an  oxide  of  nitrogen.  The  bromate  of  potash, 
of  soda,  and  of  the  oxide  of  si^er,  are  anhydrous ;  the  two 
first  crystallize  in  forms  of  the  regular  system,  the  latter  is  a 
pulverulent  body  of  difficult  solution.  The  salts  of  barytes, 
strontian  lime,  and  lead,  contain  one  atom  of  water;  the  ba- 
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rytes  and  lime  salts  cannot  be  obtained  well  crystallized ;  but 
the  other  two  are  isomorphous,  which  is  likewise  the  case  with 
the  zinc  and  magnesia  salts,  both  of  which  contain  six  atoms 
of  water,  and  crystallize  in  regular  octahedrons.  The  copper 
salt  contains  five  atoms  of  water.  The  bromate  of  the  prot- 
oxide of  manganese  decomposes  soon  after  its  formation,  bro- 
mine being  set  free,  and  peroxide  of  manganese  deposited. 
Several  of  these  bromates  combine  with  ammonia  in  the  moist 
way,  which  was  not  known  before.  The  copper  and  silver 
salts  take  up  each  two  equivalents,  the  zinc  salt  one  equivalent 
of  ammonia,  and,  moreoyer,  three  atoms  of  water.  Connected 
with  these  experiments  is  the  discovery  of  a  double  salt  of  the 
iodide  and  bromide  of  mercury,  which  is  formed  direct,  and 
consists  of  an  equal  number  of  atoms  of  both  salts.  {Benefit 
der  Akademie  zu  Berlin^  Dec.  1840.) 

Composition  qfOuano. 

The  following  analysis  of  this  interesting  and  important 
substance,  made  by  M.  Voelckel  in  the  laboratory  of  Prof. 
Wohler,  confirms  what  Klaproth  found*,  viz.  that  the  guano, 
among  its  characteristic  constituents,  contains,  besides  un- 
changed uric  acid,  a  considerable  quantity  of  two  of  its  usual 
products  of  decomposition,  viz.  oxalic  acid  and  ammonia. 
100  parts  of  moist  guano  contain : — 

Voelckel.  Klaproth, 

Urate  of  ammonia • 9*0  16*0 

Oxalate  of  ammonia • 10*6 

Oxalate  of  lime 4  7'0  12*75 

Phosphate  of  ammonia ;•  6*0 

Phosphate  of  ammonia  and  magnesia  2*6 

Sulphate  of  potash 5'5 

Sulphate  of  soda 3*8  common  salt  0*5 

Chloride  of  ammonium 4*2 

Phosphate  of  lime 14-3  10*0 

Clay  and  sand 4*7  32*0 

Undetermined  organic  substances,! 

of  which  about  12  per  cent,  is  so-  L  «o*a  28'75 

luble  in  water.   A  small  quantity  | 

of  a  soluble  salt  of  iron.    Water  J 

100*0  100*00 

{Ann.  der  Chem.  und  Pharm.  vol.  xxxviii.  part  3.) 

*  A  memoir  on  Guano,  by  Laugier,  will  be  found  in  Phil.  Map.,  First 
Series,  vol.  xxiv.  p.  126;  from  which  it  appears  that  Fourcroy  and  Vauqiie- 
lin  obtained  similar  results.    Edit. 

PhU.  Mag.  S.  3.  Vol.  19.  No,  121.  My  1841.  E 
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VIII.  On  a  Paraselene  moitnessed  on  May  Slh,  1841.  By 
W.  R.  BiRT,  Esq.^  Librarian  and  Assistant  Secretary  to  Ike 
Metropolitan  Institution. 

2  o  JS.  fV*  Brayleyf  Jun.j  Esq. 

My  obar  SIR) 

I  HAD  an  opportunity  last  niirht  of  witnessing  an  interestinff 
exhibition  of  paraselene.  The  halo  occurred  in  a  modifr 
cation  of  cirro^stratuSp  which  I  have  termed  nebula  suspenut^ 
in  order  to  distinguish  it  from  other  varieties  of  cirro^raius. 
I  believe  it  is  the  only  variety  that  exhibits  halos;  I  do  not  re- 
collect at  the  moment  having  observed  them  in  others.  One 
half  only  of  the  halo  was  visible^  the  moon  being  low  at  the 
time  of  observation ;  this  half  exhibited  three  portions,  which 
were  more  strongly  illuminated  than  the  rest  of  the  semioirde. 
The  inclosed  rough  sketch  will  convey  some  idea  of  the  posi- 
tion  of  these  illuminated  portions;  the  semicircle  was  very 
distinct,  the  base  or  the  diameter  joining  the  two  extremities 
and  passing  through  the  moon,  being  parallel  with  the  hori- 
zon. Both  these  extremities  were  strongly  illuminated  as  com- 
pared with  the  semicircle  generally,  but  faint  as  compared 
with  the  moon ;  these  illuminated  portions  were  not  well  de- 
fined ;  their  appearance  did  not  convev  to  me  the  idea  of  their 
being  images  of  the  moon,  but  merely  portions  of  the  halo 
more  strongly  illuminated  than  the  rest.  Perhaps  this  litde 
figure  will  give  the  best  idea  of  their  appearance. 

«  Mars. 


East.  B-iE ^ ^^n  ^^' 

Jupiter.        M. 
The  darkened  portions  repressDt  the  illuminated  portions  of  the  semicircle. 

The  illuminated  portion  at  the  summit  of  the  semicircle  was 
very  interesting ;  it  was  fainter  than  the  portions  above  men- 
tioned, and  filled  a  small  segment  of  the  halo,  in  the  same 
manner  as  a  pencil  of  rays,  diverging  from  a  luminous  point, 
would  illuminate  the  segment  of  a  ring  situated  within  its  cone. 
'^This  illuminated  portion  appeared  somewhat  of  a  lozenge 
form,  having  the  part  immediately  over  the  moon  brightest 
and  broadest;  it  became  gradually  fainter  and  narrower  to- 
wards its  eastern  and  western  extremities.  The  difference 
between  it  and  the  illuminated  extremities  of  the  semicircle 
was  very  distinct. 
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I  first  saw  this  interesting  phenomenon  about  a  ^  past  1 1, 
and  as  I  continued  to  watch  it,  several  appearances  presented 
themselves  which  (should  they  have  been  noticed  by  others) 
may  probably  assist  in  determining  some  interesting  particu- 
lars relative  to  the  clouds  that  were  passing  at  the  times  of 
observation,  the  area  they  extended  over,  etc.  I  therefore 
subjoin  the  observations  I  made  until  the  disappearance  of  the 
paraselene ; 

And  remain,  my  dear  sir,  yours  very  truly, 

W.  R.  Birt. 

Metropolitan  Institution,  May  7,  1841. 

1841.         Mean  Time  estimated  to  the  nearest  minute. 

yiuj  6.  1 1^  45°^. — The  western  illuminated  portion  nearly 
disappeared,  very  faint^  the  semicircle  still  visible. 

May  6.  1 1^  49°^. — The  western  portion  again  visible,  with 
a  streak  of  cloud  extending  flrom  it  to  the  east  of  the  summit 
of  the  semicircle*^— The  portion  of  the  semicircle,  where  the 
streak  of  cloud  intersected  it,  was  illuminated  similar  to  the 
three  portions  above  mentioned. 

This  streak  of  cloud  passed  over  towards  the  south-^east,  the 
eastern  extremity  of  the  semicircle  being  at  the  time  much 
Riore  strongly  illuminated  than  the  western. 

May  6.  13^  2"^«'— A  general  cloudy  appearance  westwai*d 
of  the  semicircle,  and  the  western  extremity  very  distinct,  ap- 
proaching a  decidedly  circular  form. 

May  6.  12^5™. — The  illumination  of  the  eastern  extre- 
mity has  nearly  disappeared. 

May  6.  12^8°^. — Mars  and  A  returns  perfectly  free  from 
clouds. 

May  6.  12^  12<^. — A  splendid  meteor  passed  near  the  se- 
micircle directly  towards  tne  horizon  in  the  clear  part  of  the 
heavens. 

The  clouds  passing  over  appear  to  be  curled  cirri ;  those 
portions  of  them  that  intersect  the  semicircle  in  their  passage 
are  more  illuminated  than  the  others. 

May  6.  12^  15"^. — The  illuminated  summit  of  the  semi- 
circle has  entirely  disappeared,  owing  to  the  passage  of  the 
clouds  towards  the  south-east ;  the  extremities  of  the  semi- 
circle still  faindy  visible. 

May  6.  12^  18"*. — The  semicircle  obliterated,  a  small  seg^ 
ment  only  visible  to  the  east,  with  the  eastern  extremfty  very 
faint. 

The  decree  of  illumination  was  very  variable,  particularly 
towards  the  end  of  the  observations ;  the  western  extremity 
was  just  discernible  when  I  left  observing. 
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IX.     On  the  Polarization  of  the  Chemical  Rays  of  tight. 
By  John  Sutherland,  M.D.j  Liverpool*. 

IT  has  been  long  known  that  the  invisible  rays  of  the  solar 
light,  which  manifest  their  presence  by  indacing  cbeoiical 
action,  are  possessed  of  some  of  the  properties  of  the  luminoiis 
rays.  Their  capability  of  being  reflected  and  refracted  must 
have  been  observed  at  the  time  of  their  discovenr ;  and  Dr. 
Thomas  Young  proved  that  they  were  capable  of  producing 
the  phasnomena  of  interference,  by  allowing  the  rays  beyond 
the  violet  extremity  of  the  spectrum  to  fall  on  paper  covered 
with  chloride  of  silver,  after  having  been  transmitted  through 
glasses  showing  Newton's  rings.  The  same  phsMiomenon  was 
also  exhibited  (iirectly  by  M.  Arago,  who  made  use  of  Fresoel's 
experiment  for  the  purpose  of  demonstrating  it. 

On  the  21st  December  1812,  M.  J.  E.  B^rard  read  a  paper 
before  the  French  Institute,  ^^Sur  les  propriety  des  diflRSrentes 
especes  de  rayons  qu'on  peut  s^parer  au  moyen  du  prisme  de 
la  lumiere  solaire,"  which  was  published  in  the  *'  M£nic»res 
d' Arcueil,"  vol.  iii. ;  and  in  this  memoir,  after  investigating  se- 
veral properties  of  the  chemical  rays,  he  relates  the  following 
experiment: — ^'  I  received  the  chemical  rays  directed  into  the 
plane  of  the  meridian,  on  an  unsiivered  glass,  under  an  inci- 
dence of  35^  &.  The  rays  reflected  by  the  first  glass  were 
received  upon  a  second  under  the  same  incidence.  I  found 
that  when  this  was  turned  towards  the  south,  the  muriate  of 
silver  exposed  to  the  invisible  rays,  which  it  reflected,  was 
darkened  in  less  than  half  an  hour;  whereas,  when  it  was 
turned  towards  the  west,  the  muriate  of  silver  exposed  in  the 
place  where  the  rays  ought  to  have  been  reflected,  was  not 
darkened,  although  it  was  left  exposed  for  two  hours."  From 
this  experiment  he  deduces  that  the  chemical  rays  can  be  po- 
larized like  white  light,  when  they  are  reflected  by  surfaces  of 
glass  under  a  certain  angle,  and  that  this  angle  appears  to  be 
very  nearly  the  same  for  the  two  kinds  of  rays.  '^  It  is,"  he 
says,  <^  consequently  to  be  presumed  that  the  chemical  rays  can 
undergo  double  refraction  in  traversing  certain  diaplumous 
bodies,  and,  lastly,  we  may  say  that  they  enjoy  the  same  phy- 
sical properties  as  light  in  general." 

An  experiment  similar  to  M.  B^rard's  will  be  found  de- 
tailed in  the  following  paper,  although  I  was  not  aware  of  tiiere 
being  any  such  on  record,  till  informed  of  it  by  the  kindness 

*  Communicated  by  the  Author ;  having  been  read  before  the  Royal  So- 
ciety of  Edinburgh,  December  ^l,  1840:  a  communication  on  the  same 
subject  had  been  previously  made  to  the  Literary  and  Philosopblcal  Society 
of  Li 


Liverpool,  November  ^y  1840. 


Digitized 


by  Google 


On  the  Polarization  of  the  Chemical  Rays  of  Light.     53 

of  Professor  Forbes,  after  my  paper  had  been  read.  In  a 
communication  which  I  have  recently  received  from  him,  he 
also  says,  <'  In  spring  1839  I  tried  the  experiment  of  letting 
the  picture  formed  by  polarized  light  passing  through  calc 
spar  fall  upon  sensitive  paper,  then  newly  discovered : — whe- 
ther from  the  fault  of  the  paper,  1  know  not,  but  on  my  first 
trial  I  obtained  no  kind  of  effect,  and  my  attention  being  oc- 
cupied with  other  matters,  I  never  repeated  it :  but  at  Bir- 
mingham, in  August  1839,  being  requested  to  give  some  ac- 
count of  the  Daguerreotype,  which  I  had  seen  in  Paris,  I  men- 
tioned the  experiment,  and  pointed  out  its  valuable  application 
to  fix  with  unerring  accuracy  phaenomena  of  diffraction  and 
polarization,  which  different  eyes  have  seen  differently,  and 
which,  regarded  as  the  test  of  theories,  would  thus  be  pre- 
served witn  unimpeachable  fidelity  for  examination  at  leisure 
by  every  eye." 

With  these  few  preliminary  remarks  I  shall  proceed  to  the 
paper  itself. 

Liverpool,  22d  March,  1841. 

In  the  course  of  last  summer  it  occurred  to  me  that  the  in- 
visible chemical  rays  of  light  might  be  subject  to  the  laws  of 
polarization,  and  early  in  the  month  of  July  I  instituted  a  se- 
ries of  experiments  to  determine  the  point.  In  all  investiga- 
tions of  this  nature  it  is  of  importance  that  the  solar  light 
should  continue  for  a  certain  time  of  nearly  the  same  inten- 
sity; but  during  the  summer  the  sky  was  so  frequently  over- 
cast that  a  very  few  days  only  could  be  devoted  to  the  subject, 
and  for  a  considerable  part  of  the  autumn  the  sun's  altitude 
has  been  too  low.  For  these  reasons  I  have  been  unable  to 
pursue  the  investigation  so  far  as  I  could  have  wished,  but  I 
have  nevertheless  obtained  a  sufficient  number  of  results  to 
establish  the  principal  facts,  and  I  have  thought  it  better  to 
bring  these  forward  at  the  present  time  than  to  allow  the  sub- 
ject to  lie  over  for  the  several  months  which  must  intervene 
before  I  can  again  resume  it. 

I  have  succeeded  in  polarizing  the  chemical  rays: — 1st,  as 
they  proceed  directly  from  the  sun ;  2nd,  as  they  exist  at  the 
extreme  violet  end  of  the  spectrum ;  3rd,  as  they  fall  from  the 
sky;  and  by  three  different  processes,— double  refraction, 
reflexion,  and  repeated  single  refraction.  I  shall  describe  in 
succession  these  processes,  with  the  apparatus  used. 

1.  Polarization  of  the  Chemical  Rays  by  double  Refraction. 

The  first  important  fact  in  regard  to  the  chemical  rays  is, 
that  thev  are  susceptible  of  double  refraction,  in  the  same  man- 
ner as  the  luminous  rays  are.    To  prove  thisi  a  prism  of  cal- 
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careous  spar,  one  and  three  quarters  of  an  inch  in  length  and 
one  inch  in  the  side,  and  polished  at  each  end,  was  employed. 
It  was  inclosed  in  a  case  having  an  aperture  at  one  extremity, 
the  other  extremity  being  open.  The  extreme  violet  rays  of 
the  solar  spectrum  were  allowed  to  pass  through  the  aperture 
and  to  fall  on  a  piece  of  photogenic  paper.  Two  very  faint 
images  were  formed,  and  in  a  minute  or  two  these  produced 
corresponding  dark  impressions  on  the  paper.  A  similar  re- 
sult was  also  obtained  when  the  direct  sun's  rays  were  em* 
ploved.  By  this  apparatus  two  impressions  of  equal  intensity, 
eacn  half  an  inch  long  and  one-eighth  of  an  inch  broad,  were 
obtained;  but  on  extending  the  experiments  I  soon  found 
that  a  polarized  beam  of  greater  size  than  it  could  give  was 
necessary ;  I  therefore  substituted  a  plate  of  Iceland  spar  an 
inch  square  and  i^ths  of  an  inch  thick,  and  in  order  to  in- 
crease the  divergence  of  the  rays,  one  of  the  planes  was  ground 
to  an  an^le  of  6S^  with  the  obtuse  edge,  ana  both  planes  were 
then  polished.  A  plate  of  Iceland  spar  thus  prepared,  has 
the  property  of  separating  the  two  rays  so  much,  thai  when 
inserted  into  an  aperture  admitting  a  sun-beam  into  a  daik- 
ened  room,  it  gives  two  images  of  polarized  light,  each  one 
inch  in  diameter  and  about  an  inch  apart,  on  a  screen  placed 
at  the  distance  of  eight  feet  from  the  aperture. 

These  images,  when  received  on  sensitive  paper,  both  pro- 
duced considerable  effect ;  but  the  extraordinary  more  than 
the  ordinary,  and  it  was  therefore  chosen  for  the  purpose  of 
experiment. 

An  analyzing  apparatus,  consisting  of  six  thin  plates  of 
mica,  was  placed  obliquely  in  the  course  of  the  polarized  ray, 
so  as  to  form  with  its  axis  an  angle  of  about  ^5^.  The  in- 
strument was  turned  round  until  the  plane  of  the  mica  plates 
coincided  with  the  plane  of  polarization  of  the  ray.  When  this 
was  done  the  light  was  almost  extinguished,  and  was  allowed 
to  fall  on  a  piece  of  photogenic  paper.  After  the  lapse  of  five 
minutes  no  effect  whatever  was  produced  on  the  paper.  The 
mica  plates  were  then  turned  round  90%  until  their  plane  was 
at  rignt  angles  with  the  plane  of  polarization.  The  light  was 
greatly  increased  in  intensity,  and  in  one  minute  the  paper 
was  tinged,  in  three  minutes  a  good  deal  so,  and  in  five  mi- 
nutes it  was  pretty  dark.  This  experiment  proves  that  the 
plane  of  polarization  of  the  chemical  rays  is  coincident  with 
that  of  the  luminous  rays  of  the  sun's  light. 

Instead  of  the  mica  plates  employed  in  the  last  experiment, 
I  next  used  the  long  prism  of  Iceland  spar  already  mentioned. 
The  polarized  beam  was  transmitted  along  it,  and  the  prism 
turned  on  its  axis  until  one  of  the  rays  was  extinguished:  a 
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piece  of  sensitive  paper  received  a  dark  image  from  the  unex- 
tinguished  ray ;  but  the  extinguished  ray  produced  no  effect 
whatever. 

A  film  of  mica  was  then  placed  in  the  course  of  the  polar-* 
ized  beam  before  it  passed  through  the  prism,  and  the  ex- 
tinguished ray  immediately  reappeared :  the  two  rays  were 
allowed  to  fall  on  sensitive  paper,  and  both  produced  tints  of 
equal  intensity. 

This  experiment  was  repeated  with  a  film  of  selenite  in* 
stead  of  the  mica :  one  of  the  rays  was  coloured  of  a  vellowish, 
the  other  of  a  purple  tint:  on*being  received  on  pnotogenic 
paper  both  the  images  gave  dark  impressions,  but  die  purple 
imaee  produced  more  effect  than  the  other* 

Tne  experiment  was  again  repeated  with  a  film  of  selenite, 
which  gave  a  pink  colour  to  one  ray  and  a  green  colour  to 
the  other ;  and  in  this  instance  both  images  gave  tints  of  equal 
depth  to  the  paper.  These  experiments  ffo  to  prove  that  the 
chemical  rays,  when  polarized,  are  actea  upon  bv  thin  cry- 
stallized plates,  in  a  manner  similar  to  that  in  which  the  lu- 
minous rays  are  influenced. 

I  was  next  desirous  of  ascertaining  whether  any  phsnomena 
resembling  the  coloured  rings  seen  round  the  axes  of  crystals 
in  polarized  light  were  presented  by  the  chemical  rays  when 
polarized,  and  for  this  purpose  I  employed  an  apparatus  con- 
sisting of  a  tube  two  inches  long  and  three-fourths  of  an  inch 
io  diameter :  at  one  extremity  of  it  was  placed  a  double  con- 
vex lens,  having  a  focus  of  one  and  a  quarter  inch ;  within  the 
tube,  and  at  the  distance  of  half  an  inch  from  the  lens,  was 
placed  a  section  of  a  calcareous  spar  rhomb,  such  as  is  used 
for  showing  the  coloured  rings.  At  the  other  extremity  of 
the  tube  was  placed  an  oblique  analyzing  bundle  of  three  mica 
plates,  or  one  of  NicoFs  improved  prisms,  and  the  appara- 
tus was  so  disposed  that  the  polarized  sunbeam  was  allowed 
to  fall  on  the  lens,  and  thence  through  the  tube  upon  a  screen 
placed  close  to  it  An  image  of  the  coloured  rings  and  black 
cross  was  thus  obtained,  and  by  turning  the  tube  90°  upon 
its  axis,  the  rings  with  the  white  cross  appeared ;  while  in  this 
position  a  piece  of  photogenic  paper  was  used  to  receive  the 
image,  and  a  reversed  impression  of  the  rings  and  cross  was 
obtained ;  to  wit,  the  place  where  the  white  cross  had  been 
was  dark,  the  centre  light,  with  a  complete  black  ring  round 
it,  and  segments  of  other  rings  exterior  to  it.  The  tube  was 
next  turned  90°  upon  its  axis,  so  as  to  show  an  image  of  the 
rings  with  the  black  cross;  sensitive  paper  was  again  em- 
ployed, and  another  reversed  impression  obtained;  to  wit^ 
the  position  of  the  black  cross  was  white,  the  centre  and  inter- 
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spaces  dark,  with  segments  of  two  or  three  darker  circles  on 
them. 

I  have  also  used  a  section  of  rock  crystal  for  the  purpose 
of  obtaining  impressions  of  its  rings,  and  to  determine  whether 
phaenomena  were  presented  similar  to  those  of  circular  polar- 
ization. The  result,  however,  owing  to  the  unsettled  state  of 
the  weather,  was  not  so  satisfactory  as  I  could  have  desired, 
and  I  have  therefore  left  this  part  of  the  subject  for  a  more 
favourable  opportunity. 

The  next  step  in  the  investigation  was  to  determine  whetlier 
similar  phaenomena  were  presented  at  the  violet  extremity  of 
the  spectrum.  For  this  purpose  I  employed  a  glass  prism  to 
decompose  the  polarized  sunbeam  used  in  the  preceding  ex- 
periments. A  polarized  spectrum  was  thus  formed,  at  the 
extreme  violet  end  of  which  most  of  the  experiments  were  re- 
peated. The  extreme  violet  ray  was  allowed  to  pass  through 
the  prism  of  calcareous  spar,  and  received  on  photogenic  paper; 
one  image  of  violet  light,  extremely  feeble^  was  all  that  was 
visible.  The  action  of  the  chemical  ray  was,  however,  intense, 
for  in  a  minute  or  two  a  d^ep  dark  spot  marked  the  position 
of  the  unextinguished  ray,  while  no  effect  whatever  was  pro- 
duced by  the  extinguished  ray.  A  film  of  mica  was  now  intro- 
duced into  the  course  of  tne  violet  ray ;  two  faint  luminous 
images  appeared,  and  two  dark  impressions  were  obtained. 
These  experiments  were  again  repeated  beyond  the  extreme 
violet  ra^.  That  part  of  the  spectrum  which  traversed  the 
prism  of  calcareous  spar  gave  no  luminous  image,  but  the  re- 
sult was  the  same;  to  wit,  the  unextinguished  chemical  ray 
gave  a  dark  impression  on  sensitive  paper,  and  the  extin- 
guished ray  none ;  and  when  a  film  of  mica  was  used,  two 
dark  impressions  of  both  ravs  were  obtained. 

The  experiments  with  the  rings  were  also  tried;  but  al- 
though the  impressions  were  visible,  they  were  by  no  means 
so  distinct  as  those  obtained  from  the  direct  sun-light,  a  cir- 
cumstance which  is  partly  to  be  attributed  to  the  great  diffi- 
culty of  keeping  the  axis  of  the  apparatus  employed  in  the 
axis  of  the  polarized  ray.  The  sun's  motion  has  to  be  com- 
pensated by  the  movement  of  the  hand;  and  these  experi- 
ments are  on  this  account  of  difficult  performance,  unless  a 
heliostate,  or  some  similar  contrivance,  be  used  to  keep  the 
sunbeam  precisely  in  the  same  direction  during  the  required 
time. 

2.  Polarization  of  the  Chemical  Rays  by  Reflexiotu 

I  have  now  stated  the  principal  results  at  which  I  have  ar- 
rived in  the  polarization  of  the  chemical  rays  by  double  refrac- 
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lion,  and  shall  next  proceed  to  detail  experiments  which  go 
to  prove  that  these  rays  can  be  polarized  by  reflexion.  The 
apparatus  made  use  of  consists  of  a  mirror  composed  of  nine 
plates  of  parallel  glass,  by  which  a  beam  of  polarized  light 
can  be  thrown  upon  an  analyzing  plate  of  thick  flint  glass,  so 
mounted  that  its  angle  of  position  can  be  changed,  and  its 
plane  of  reflexion  made  to  revolve  round  the  polarized  beam. 
The  image  of  the  sun,  after  having  been  reflected  from  the 
mirror  at  the  polarizing  angle,  was  thrown  upon  the  analyzing 
plate,  the  plane  of  which  had  previously  been  turned  at  right 
angles  to  the  plane  of  primitive  polarization.  From  this  plate 
the  ray  was  received  upon  a  piece  of  photogenic  paper,  and 
in  three  minutes  a  verv  faint  impression  was  obtained.  The 
apparatus  being  still  m  the  same  position,  another  piece  of 
paper,  cut  from^  the  same  sheet,  was  substituted  for  that  used 
in  the  last  experiment,  and  the  ray  was  depolarized  by  inter- 
posing a  plate  of  mica  between  the  mirrors ;  in  three  minutes 
the  paper  received  a  dark  impression,  thus  afibrding  another 
illustration  of  the  effect  of  crj'stallized  plates  on  the  polarized 
chemical  rays. 

Another  piece  of  paper,  also  cut  from  the  same  sheet,  was 
made  use  of,  but  the  analyzing  plate  was  turned  90^  upon  its 
axis  before  the  ray  reflected  from  it  was  allowed  to  fall  on 
the  paper,  and  in  three  minutes  an  impression  was  obtained 
equal  in  intensity  to  that  produced  in  the  last  experiment. 

These  three  experiments,  which  occupied  little  more  than 
ten  minutes  in  their  performance,  were  executed  at  a  time 
when  the  sun's  rays  were  of  equal  intensity,  and  the  paper 
used  was  also  of  equal  sensibility ;  and  they  afford  an  addi- 
tional proof  of  the  similarity  of  effect  produced  by  polarizing 
forces  on  the  chemical  and  luminous  rays. 

S.  Polarization  of  the  Chemical  Rays  by  repeated  single 
JRefraction. 

To  exhibit  this  phenomenon  I  prepared  two  bundles  of 
mica  plates,  nine  in  each  bundle.  These  were  arranged  dia- 
gonally in  a  tube,  one  half  of  which  could  be  turned  round 
within  the  other.  The.  tube  was  turned  so  that  the  planes  of 
both  bundles  were  at  right  angles,  and  the  sun's  rays  were 
transmitted  through  it  so  as  to  fall  on  sensitive  paper.  In  a 
few  minutes  little  or  no  effect  was  produced,  but  on  turning 
the  planes  round  so  as  to  coincide,  an  immediate  darkening 
of  the  paper  took  place. 

I  next  employed  this  method  to  polarize  the  chemical  ema- 
nations proceeding  from  the  sky  alone;  but  as  it  was  neces- 
sary in  this  case  to  have  simultaneous  results  to  obviate  the 
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effects  of  varying  intensity,  two  sets  of  experiments  were  car* 
ried  on  at  the  same  time.  A  piece  of  thin  window  glass  was 
cbosent  out  of  which  sixteen  plates,  one  and  a  half  inch  long 
and  one  inch  broad,  were  cut.  These  were  arranged  diago- 
nally in  four  bundles,  and  placed  in  two  tubes;  two  of  tb^ 
bundles  having  their  planes  coincident  in  one  tube,  and  the 
other  two  with  their  planes  at  right  angles  in  the  other  tube. 
The  tubes  were  placed  close  to  each  other  in  a  perpendioular 
position  in  the  open  air,  so  that  the  light  from  the  sky  could 
pass  directly  through  them  upon  two  pieces  of  photogenic 
paper,  cut  from  the  same  sheet,  and  placed  so  as  to  receive 
the  chemical  emanations.  In  this  position  they  were  left  for 
two  hours  in  a  tolerably  clear  day ;  and  although  the  chemical 
rays  bad  to  pass  through  the  same  number  of  plates  in  both 
instances,  the  impressions  received  by  the  paper  differed  much 
in  intensity,  that  under  the  tube  containing  the  two  bundles 
with  the  planes  at  right  angles  being  much  less  affected  than 
the  other.  The  ex^anation  of  this  phsdnomenon  is  that  all 
those  chemical  emanations  which  were  polarised  by  the  re- 
peated refraction  of  the  first  bundle  of  glass  plates  did  not 
pass  through  the  second  bundle  when  their  planes  were  at  right 
angles,  and  consequently  produced  no  effect  on  the  paper; 
but,  on  the  contrary,  they  passed  readily  through  the  second 
bundle,  when  its  plane  coincided  with  that  of  the  first,  and 
produced  their  characteristic  darkening  effect.  The  phsB- 
nomena  are  in  fact  similar  to  those  observed  with  the  lumi- 
nous rays  under  the  same  circumstances* 

Such,  then,  are  the  results  at  which  I  have  as  yet  arrived 
in  this  interesting  branch  of  physical  research,  and  they  ap- 
pear to  prove  that  the  third  great  division  of  the  solar  ema- 
nations, like  the  luminous  and  calorific,  are  capable  of  beinff 
acted  upon  by  polarizing  forces,  and  that  thus  they  are  all 
subject  to  the  same  beautiful  laws. 

Before  concluding  this  communication  I  may  slate,  that 
the  photogenic  paper  employed  in  the  experiments  was  pre- 
pared in  the  usual  way  with  chloride  of  silver,  but  that  it 
would  be  more  satisfactory  to  use  small  Daguerreotype  plates, 
particularly  in  obtaining  impressions  of  orpnized  or  crystal- 
line structures  by  the  solar  microscope.  To  effect  this,  a  pair 
of  short  polarizing  prisms,  made  according  to  Mr,  Nicol's 
improved  plan,  may  be  adapted  to  the  microscope,  one  being 
placed  so  as  to  polarize  the  sun's  light  before  it  falls  on  the 
object,  and  the  other  to  analyze  the  beam  immediately  after 
it  has  passed  the  object-glass.  A  sensitive  surface  placed  so 
as  to  receive  the  image  thus  formed  would  take  a  correspond- 
ing impression  of  the  structure. 
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On  an  Improvement  in  the  Air^Pump. 
Park. 


By  the  Rev.  J. 


To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlsmek, 
^Y^OU  will  oblige  me  by  inserting  in  your  Journal  the  foU 
-"-    lowing  brier  description  of  an  improvement  in  the  con- 
struction of  the  air-pump. 

A  model  in  my  possession  works  very  satisfactorily ;  but, 
from  want  of  opportunity,  I  have  not  been  able  to  compare 
its  efficiency  with  other  instruments  already  in  use.  It  con-* 
sists  of  a  barrel  or  cylinder  of  iron  truly  bored  and  polished. 
To  this  cylinder  is  accurately  fitted  a  case-hardened  iron  piston, 
in  the  usual  manner,  the  piston-rod  working  at  the  upper  end 
through  a  collar  of  oiled  leathers,  perfectly  air-tight.     At  a 


s 
■s 

I 


s 

a 
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distance  from  each  end,  exceeding  a  little  the  length  of  the 
piston,  are  a  number  of  very  small  apertures,  for  the  admis- 
sion and  ^ress  of  the  air.  At  the  lower  end  is  another  accu- 
rately fitted  metallic  plug,  the  end  of  which  is  perfectly  flat, 
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as  is  the  end  of  the  working  piston,  so  that  when  the  latter  is 
forced  down,  there  is  no  residuum  of  air  left  in  the  barrel  at 
the  end  of  the  stroke,  between  the  pistons*  There  is  also  a 
spring  to  keep  the  pistons  in  close  connexion  till  the  upper 
one  has  returned  a  little  past  the  openings,  by  which  the  air 
is  forced  out,  a  little  above  which  openings  the  lower  plug  is 
retained  by  a  stay  coming  against  the  end  of  the  cylinder. 

It  has  been  objected  that,  though  the  model  works  well  at 
first,  the  metallic  piston  will  soon  wear,  and  then  the  instru- 
ment will  become  inefficient.  This  may  be  obviated,  I  con- 
ceive, by  making  the  apertures  very  small^  and  by  usins  pis- 
tons packed  or  covered  with  some  elastic  material,  as  India- 
rubber,  which  would  easily  pass  and  repass  the  openings 
without  tearing  or  injuring  the  packing.  But  in  order  to 
dispense  with  tne  apertures,  and  to  avoid  any  objection  that 
might  be  taken  to  the  use  of  elastic  packing  on  account  of 
them,  it  has  occurred  to  me,  that  the  upper  and  lower  ends 
of  the  cylinder  might  be  made  a  little  wider  than  the  rest  of 
the  barrel,  for  the  inlet  and  escape  of  the  air.  In  this  case* 
however,  the  piston  rods  would  require  longer  collars  to  serve 
as  guides,  that  the  pistons  might  come  truly  into  that  part 
where  they  fit  tight  to  the  cylinder. 

I  am,  Gentlemen,  your  obedient  servant, 

J.  Park. 

Ulverstone,  Lanca8h]re>  March  13, 1841. 

XL  On  Mr.  J.  Scott  RusselPs  Remarks  on  the  Tefnperature 
of  most  effective  Condensation  {of  Steam).  By  W.J.  Hen- 
wood,  Esq.j  C.E.y  F.R.S.t  F.G.S.^  Secretary  of  the  Royal 
Geological  Society  of  Comwallj  Sfc. 

To  Richard  Taylor^  Esq.y  F.LS.y  4'C* 
Sir, 

THE  article    "  Steam  Navigation"  in  the  Etuydopadia 
Britannica  (xx.  p.  697) » from  the  able  hand  of  Mr.  J.Scott 
Russell,  contains  the  following  remark : — 

"  It  does  not  appear  to  be  known  that  a  vacuum  may  be 
too  good.  We  hear  it  boasted  every  day  by  rival  engineers 
that  their  engines  have  the  best  vacuum.  Some  boast  their 
vacuum  at  27  inches,  others  at  28,  others  at  29,  some  at  SO, 
and  at  last  an  engineer  appears  who  boasts  a  vacuum  of  30| 
inches.  It  is  to  be  regretted  that  time  and  talent  should  be 
thus  wasted.  It  is  a  met  of  great  importance,  confirmed  by 
experiment  and  by  practice,  Uiat  a  vacuum  may  be  too  good, 
and  become  a  loss  instead  of  a  gain." 
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Similar  remarks  from  the  same  respectable  authority  occur 
in  the  Proceedings  of  the  British  Association  at  the  Glasgow 
Meeting  (p.  ]86).  I  fully  concur  in  the  statement  that  a 
vacuum  may  be  made  so  good  as  to  be  a  drawback  on  the 
performance  of  the  engine  in  which  it  is  obtained,  but  I  beg 
respectfully  to  represent  that  this,  instead  of  being  now  a 
novelty,  has  been  long  known  and  acted  on. 

Mr.  Farey  (Treatise  on  the  Steam-engine,  p.  375)  says, 
<<  Mr.  Watt  ascertained  that  if  the  temperature  of  the  steam 
and  water  contained  in  the  condenser  of  his  engines  is  re- 
duced to  100  degrees,  then  as  the  steam  remaining  in  the 
exhausted  space  will  only  have  an  elastic  force  equal  to  a 
pressure  of  not  quite  one  pound  on  the  square  inch,  it  is  better 
to  leave  this  weak  steam  always  in  the  condenser,  and  also 
in  the  cylinder,  to  oppose  the  descent  of  the  piston,  than  to 
throw  in  any  more  injection  water,  which  would  be  requisite 
to  cool  it  more^  and  render  it  more  rare  and  feeble." 

So  long  ago  as  the  year  1828,  I  had  remarked  that  the 
duty  of  Wilson's  engine  at  Huel  Towan,  was  improved  by 
raising  the  temperature  of  the  hot  well  within  certain  limits*: 
and  I  then  calculated,  for  intervals  of  five  degrees  extending 
from  80°  to  100%  the  resistance  which  the  residual  vapour 
would  oppose  to  the  descent  of  the  piston,  the  accelerating 
influence  it  would  exercise  on  the  ascent  of  the  air-pump 
bucket,  and  also  the  greater  or  less  atmospheric  action  to 
which  that  bucket  was  exposed  by  the  period  of  discharging 
the  hot  water  being  lengthened  or  shortened. 

The  results  of  these  computations  appeared  in  the  Edin- 
burgh Journal  of  Science  for  1829  (x.  p.  41,  O.  S.),  and  I 
beg  permission  to  quote  the  remarks  by  which  they  were  ac- 
companied. 

'<  The  quantity  of  water  (to  be  discharged  by  the  air- 
pump)  should  be  as  small  as  possible,  not  so  much  on  ac- 
count of  its  weight,  as  of  the  greater  period  during  which  the 
piston  of  the  air-pump  will  be  exposed  to  the  atmospheric 
pressure.  On  the  other  hand,  the  smaller  the  quantity  of 
water  injected,  the  higher  will  be  the  temperature  of  the  hot- 
weH,  and  consequendy  the  less  perfect  the  vacuum.  It  is  ob- 
vious that  the  smaller  the  quantity  obtained  by  adding  the  dif- 
ference between  the  impeding  influence  of  the  steam  remaining 
in  the  hot-well  on  the  piston,  and  its  accelerating  action  on 
the  air-pump,  to  the  whole  resistance  experienced  by  the  latter 
during  its  exposure  to  the  atmosphere,  the  better  will  be  the 
operation  of  the  machine." 

I  have  also  mentioned  the  same  subject  in  your  valuable 
pages  (Third  Series,  xir.  p.  491),  and  in  the  Transactions  of 
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the  Institution  of  Civil  Engineers  (it.  p.  60).  I  am  very  glad 
that  this  important  topic  has  engaffed  the  attention  of  so  able 
an  inquirer  as  Mn  Russell,  but  I  believe  the  foregoing  extracts 
will  show  that  the  question  has  not  remained  unnoticed  until 
now.  I  have  the  honour  to  remain.  Sir, 

your  fisdthful  humble  servant, 
4,  Clarence  Street,  Penzance,  W*  J.  HknwOOS. 

May  6, 1841. 

XII.  On  Cavendishes  Experiment.    By  L.  F.  Mbvabbba*. 

nnHE  paper  before  us  is  a  fresh  mathematical  investigation 
^  of  the  formulas  necessary  in  the  application  of  Cavendish's 
experiment  for  determining  the  mean  density  of  the  earth ; 
and  the  author  seems  to  have  beeti  in  some  degree  incited  to 
the  task  by  hearing  of  the  intended  repetition  of  the  experi- 
ment in  England*  It  is  unfortunate^  noweveri  that  as  Mr. 
Baily's  apparatus  is  not  altogether  the  same  in  its  details  as 
that  of  Cavendish,  the  results  of  this  paper  are  not  wholly  w^ 
plicable  to  the  new  observations. 

Mr.  Menabrea  sets  out  with  the  well-known  equation 


P^^fr'dn.fr^dm, 


where  (f  m  is  an  element  of  the  svstem  which  is  moved  by  the 
attraction  of  the  large  balls,  ana  r  is  the  distance  of  that  ele- 
ment from  the  axis  of  the  torsion  wire.    The  integral  fr  ^dm 

arises  from  attraction-forces  and  torsion^forces.  The  former 
are^ — 1st,  the  attraction  of  the  large  spheres  upon  the  small 
ones  i  Snd)  the  attraction  of  the  large  spheres  upon  the  rod 
which  connects  the  small  ones ;  Srd,  that  of  the  beam  (which 
supports  the  large  balls)  upon  the  small  balls;  (in  Mr.  Baily's 
apparatus  the  large  balls  are  not  suspended  from  a  beam»  but 
are  supported  on  a  plank;)  4th,  the  attraction  of  the  box 
(which  contains  the  small  balls)  upon  these  balls.  These  are 
all  investigated  in  the  paper  before  us. 

The  next  step  is  to  calculate  tlie  Moment  df  inertia  of  the 
small  balls,  the  connecting  rod,  and  the  verniers  (in  Mr. 
Baily's  apparatus  there  are  no  verniers  attached  to  the  torsion 
pendulum).  The  equation  is  then  integrated,  and  eatpressiom 
connecting  the  earth's  density  with  the  data  of  observation  are 
found. 

Mr.  Menabrea  next  proceeds  to  examine  the  effi^t  of  the 
resistance  of  the  air  upon  the  time  of  vibration.     Assuming  a 

*  This  article  is  a  notice  of  a  paper  in  the  TuHd  Memoirs  (Second 
Swiet,  vol.  li.  p.  B05). 
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formula  for  that  resistance,  composed  of  two  terms  varying 
as  the  velocity^  and  as  the  square  of  the  velocity,  he  nnds 
that  the  isochronism  of  the  torsion  pendulum  is  not  sensibly 
aflected  for  small  vibrations.  But  he  does  not  (as  might  be 
supposed)  attempt  to  assign  the  small  constants  which  enter 
the  law  of  resistance,  nor  to  make  the  resistance  itself  aflbct 
the  final  result.  He  examines  the  efiect  of  the  resistance  of 
the  air  upon  the  results  of  Cavendish's  method  of  finding  the 
point  of  repose  of  the  torsion  pendulum,  and  shows  that  it  is 
insensible  when  this  point  of  repose  remains  in  the  same  place. 

The  author  then  examines  the  manner  in  which  the  mean 
density,  obtained  from  the  experiment,  combined  with  the  hy-> 
pothesis  that  the  earth  is  composed  of  spheroidal  layers  of 
variable  density^  is  to  be  applied  to  determine  the  mass  of  the 
earth» 

As  to  the  question  of  mathematics,  this  paper  may  be  use^- 
ful  in  pointing  out  to  future  investigators  a  complete  mode  of 
taking  into  account  everything  that  can  aflfect  the  result  of 
Cavendish's  experiment.  But  the  analysis  goes  somewhat  be«- 
yond  the  practical  necessities  of  the  question ;  a  circumstance 
which  is  almost  inseparable  from  any  attempt  to  investigate 
the  conditions  of  a  problem  which  contains  so  many  unknown 
disturbing  forces  as  the  one  of  which  Mr.  Menabrea  has 
treated. 

XIIL  Reply  to  Mr.  Airy's  additional  Remarks  on  Professor 
Challis's  Investigation  qf  the  Resistance  (^  the  Air  to  an 
Oscillating  Sphere.  By  the  Rev.  James  Challis,  M,A.p 
Plumian  Professor  qf  Astronomy  in  the  University  qf  Cam- 
bridge. 

To  the  Editors  qfthe  Philosophical  Magazine  and  Journal. 

Gentlemen, 

^T^HE  communication  you  did  me  the  favour  of  inserting  in 
^  your  Number  for  June,  was  written  under  the  idea  that 
some  further  explanation  was  required  from  me  of  my  reasons 
for  difiering  in  the  solution  of  a  hydro-dynamical  problem  from 
so  high  an  authority  as  Poisson,  and  before  I  was  aware  that 
Mr.  Airy  intended  offering  any  additional  remarks  on  the 
subject.  That  communication  is  consequently  not  a  direct 
answer  to  the  arguments  contained  in  Mr.  Airy's  letter  in  the 
May  Number,  and  I  therefore  ask  permission  to  add  some- 
thing in  reply.  I  shall  endeavour  to  be  as  brief  as  possible, 
the  discussion  having,  perhaps,  already  occupied  too  much  of 
your  valuable  space. 
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Mr.  Airy's  reasoning  consists  oF  two  parts.  The  object  in 
the  first  is  to  show,  that  the  motion  of  a  fluidi  when  directed 
to  or  from  a  centre,  must  be  the  same  at  the  same  time  at  all 
equal  distances  from  the  centre.  In  the  other  it  is  argued 
that  motion  resulting  from  two  components,  one  in  the  direc- 
tion of  a  straight  line  from  a  centre,  the  other  in  a  direction 
[lerpendicular  to  this,  is  inconsistent  with  the  hydro-djraamical 
equations. 

The  mathematical  reasoning  under  the  first  head  is  the 
same  as  if  the  problem  to  be  solved  had  been  thus  enunciated : — 
To  determine  the  motion  of  a  fluid,  assuming  the  whole  velo- 
city to  be  directed  to  or  from  ^ijixei  point :  in  other  words, 
the  motion  of  a  given  particle  is  assumed  to  be  rectilinear.  It 
will  be  readily  admitted  that  in  this  instance  the  motion  is  al- 
ways the  same  at  the  same  distance  from  the  centre,  because 
if  the  motions  of  two  contiguous  elements  at  the  same  distance 
were  at  any  instant  different,  their  densities  would  be  difierent, 
and  their  motions  would  cease  to  be  rectilinear.  In  the  case 
of  motion  under  discussion,  viz.  that  of  fluid  put  in  movement 
by  an  oscillating  sphere,  the  motion  of  a  given  particle  of  the 
fluid  is  obviously  not  rectilinear,  and  it  is  not  therefore  ne* 
cessary  for  me  to  show  why  a  solution  which  I  propose  for 
this  case  is  not  included  in  the  more  restricted  one  of  recti- 
linear motion. 

My  concern  is  rather  with  the  second  part  of  the  argument 
The  reasoning  here  is  not  brought  to  a  conclusion.  By  fol- 
lowing out  the  investigation  I  find  that  not  only  the  three 
equations  Mr.  Airy  adduces,  but  three  others  also,  which 
have  equal  claims  for  consideration,  are  exactly  verified  by 
the  kind  of  motion  which  Mr.  Airy  considers  to  be  impos- 
sible.    I  proceed  to  give  the  mathematical  reasoning. 

The  letter  P  being  for  shortness'  sake  substituted  for  the 
Napierian  logarithm  of  f,  the  four  hydro-dynamical  equations, 
sufficiently  approximate  for  the  proposed  instance  of  motion, 
become 

dV        .     du  ,    . 

-d^'^^^'JT^^ <^-^ 

^  +  *-rf7  =  ^ t''-) 

dP        ,     dw        ^  /   \ 

^■*-*-^  =  ^ ^^> 

dt    ^   dx   ^    dy  dz  ^    ' 
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The  differential  coefficients  are  all  partial :  and  in  any  case 
of  fluid  motion  to  which  these  equations  apply,  the  following 
equations  must  be  verified : — 


d»p 

d»P 

dt  dx 

S3 

dxdt     •" 

rf*P 

d'P 

dtdy 

"" 

dy  dt    •••• 

d*^ 

d«P 

dt  dz 

■"" 

dzdt    

dydx        dxdy 

rf;srf^  "■  d^dl?  ••••  ^    -'  '^^  '^^  ""  ''•'  ^^    ••"  ^  ^^ 

d*P  d*P  .-.*  «,* 

The  three  equations  (l.)^  (3*)»  And  (6.)i  are  the  same  as 
Mr.  Airy's.     Now  it  appears  from  equations  (a.),  (b.),  (c.)> 
that  the  equations  (1.),  (2.),  (3.)  are  at  once  verified,  if 
du  ^  dv ^      du  ^  dw ^      dv    __  dto  ^ 
dy  ""  dx*      Tz  ""  dx*      dz   "^  dy* 

that  is,  \iudX'!tvdy-\-wdz  be  an  exact  difierential  of  a 
function  of  or,  y^  z,  which  may  also  contain  /•  Let  <^  be  this 
function :  so  that 

d^  d^  d  ^ 

dx  dy  dz 

Then,  as  Poisson  has  shown,  {Traiti  de  Micanique^  torn.  ii. 
p.  687)  2<^  Edition)  it  follows,  to  the  same  degree  of  approxi- 
mation, that  P+k .  -^  =  0.    Hence 
at 

^    _        ,      d?^    _       .     d'u  _     eP^ 


dxdt  dxdt'^'^  dt^  "^  didx* 

by  equation  (a.). 

Thus  equation  (4.)  is  verified:  and  so  for  equations  (5.) 
and  (6.).  It  has  been  shown,  therefore,  that  for  the  verifica- 
tion of  the  six  equations,  it  is  necessary  and  it  is  sufficient  that 
udx  +  vdy  -{-  wdz  be  an  exact  differential  of  a  function  of 
Xfyf  Zj  and  /,  with  respect  to  the  three  first  of  these  variables* 
On  the  same  condition  the  equation  (d.)  becomes  {k  c^  being 

°"'     ^— (S-^-^) <A-> 

Hence  if  this  equation  be  mode  applicable  to  a  proposed  in- 
stance of  motion,  and  a  value  of  ^  be  obtained  from  it  by  in* 
tegration,  it  follows  from  the  preceding  general  reasoning, 
that  the  same  value  of  ^  will  satisfy  the  six  equations  above, 
the  only  condition  necessary  for  their  verification  being  in- 
volved in  that  equation.  This  will  more  clearly  appear  by 
taking  a  particular  instance ;  and  as  Mr.  Airy's  argument 
is  not  more  opposed  to  my  solution  of  the  problem  ot  resist- 
Phil.  Mag.  S,  S.  Vol.  19.  No.  121.  Jtdy  1841.       F 
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ance  to  an  oscillating  sphere  than  to  Poisson's,  I  select  the 
latter  for  an  example,  as  affording  by  the  verification  of  the 
equations  the  most  convincing  proof  of  the  possibility  of  the 
motion  under  discussion. 

Poisson  first  transforms  the  equation  (A.)  into  one  of  which 
the  coordinates  are  polar,  the  centre  of  the  sphere  being  pole, 
and  takes  into  account  the  motion  of  the  spnere.  (See  Addi- 
tions to  the  Connaissance  des  Terns  for  1834,  p.  40.  The 
equation  under  the  form  required  for  my  present  purpose  is 
given  in  my  communication  to  the  June  Number.)  As  the 
coordinates  of  the  centre  of  the  sphere  do  not  appear  in  the 
transformed  eauation,  the  sphere  may  be  regarcled  as  sta- 
tionary. The  mtegral  obtained  by  Poisson  in  art  (8.)  of  the 
memoir  above  cited,  is, 

r  being  the  distance  of  a  point  in  the  flaid  from  the  centre 
of  the  sphere,  and  0  the  angle  which  r  makes  with  the  line 
in  which  the  centre  moves.  Hence,  putting  R  for  the  quan- 
tity in  brackets^ 

d^        dR         >,  J     d^  R     .    ^ 

-T^  =  -J —  cos  6 ;    and  — -r^  = sm  0. 

dr         dr  r  dO  r 

These  are  respectively  the  components  of  the  velocity  in  the 
direction  of  r  and  in  a  direction  perpendicular  to  r.  If  the 
centre  of  the  sphere  be  the  origin  of  rectangular  coordinates, 
and  the  axis  of  z  be  taken  in  the  direction  of  the  sphere's 
motion,  it  may  readily  be  shown  that 


zx 


(  rfR  R\ 

"  =  V'Fdr--73-j 

/  dR         R\ 

/  dR        R\    <i  .   R 

It  is  now  an  easy  matter  to  show  that  the  preceding  values  o( 
UyVyiDf  and  P,  satisfy  the  equations  (1.),  (2.),  (S.),  (4.),  (6.), 
(6.).     For  example,  firom  the  values  of  P  and  w, 

^P    -       /,  r^R     *•        ^R      «•      d*R     in 

d^w         ,    £pP  ,     d*w 


dzdi 
"  "■*•  ^'  *°^  JiTz  ~  -*-^»  by  equation  (c). 
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/Ift        ft 

Again,  putting  the  letter  Q  for  -j^ -g-,  we  have 

^  «  .    R       dw       dQ  %^x      dYi     X       Rj: 
"        dx         dr      r         dr      r*         r* 


r 


dr  *    r 


4-  Q^ 


Hence  ^ — =-   =   —  k .  -3 — -r-.  =s  —  Ar . 


dxdz  '  dxdt  '  dzdt      dzdx* 

It  is  unnecessary  to  go  through  the  other  cases. 

This  verification,  it  will  be  seen,  entirely  depends  on  the 
fact  that  udx-j-vdy-f-wdz  is  an  exact  difTerential,  and  is 
true  only  in  the  sense  in  which  this  analytical  condition  is 
true.  It  is  at  this  p^int  that  the  method  I  have  adopted  diverges 
from  that  of  Poisson.  From  the  foregoing  mathematical  rea« 
soning,  it  appears  that  in  Poisson's  method  that  condition  is 
not  satisfied  independently  of  the  particular  circumstances  of 
the  motion,  and  of  a  particular  function,  cos  0,  introduced  by 
considering  the  nature  of  the  arbitrary  disturbance.  On  the 
contrary,  I  argue  that  as  it  must  be  satisfied  prior  to  the  con** 
sideration  of  any  instance  of  motion,  it  must  be  true  inde- 
pendently of  all  that  is  arbitrary ;  and  I  have  shown  in  the 
Number  of  the  Philosophical  Magazine  and  Journal  for  June, 
that  the  quantity  in  question  is  in  this  manner  an  exact  dif- 
ferential only  when  the  coordinates  are  restricted  to  vary  from 
one  point  to  another  in  the  line  of  motion.  The  function  <^ 
may  thus  contain  implicitly  as  a  factor  another  function  ex- 
pressing the  variation  of  velocity  at  a  given  instant  in  passing 
from  one  point  to  another  in  directions  perpendicular  to  the 
motion,  but  is  not  differentiated  with  respect  to  the  variables  of 
this  factor.  Accordingly  the  equation  for  finding  the  value 
of  ^  applicable  to  the  motion  caused  by  a  vibrating  sphere  is 

d^.r^         a    d^r^  ,  ^         fir— at) 

the  factor,  cos  dy  depending  on  the  mode  of  disturbance,  being 
included  in  the  arbitrary  function.  The  verification  of  the 
six  equations  by  the  above  expression  for  ^  proceeds  in  the 
same  manner  as  before,  but  by  simpler  operations.  As  ^  does 
not  contain  explicitly  the  angular  coordinates,  the  velocity 
perpendicular  to  the  radius  vector  is  nothing,  and  the  whole 
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velocity  is  directed  to  or  from  the  centre  of  the  sphere.  But 
as  the  velocity  is  not  the  same  in  all  directions  from  the  centre, 
the  motion  of  a  given  particle  is  not  rectilinear,  but  is  con- 
tinually directed  to  or  from  the  varying  positions  of  the  centre. 
When  the  motion  is  wholly  in  radii  from  a  centre,  it  is  as  ne- 
cessarily different  in  different  directions  from  a  moving  centre, 
as  it  is  necessarily  the  same  in  different  directions  from  a 
€xed  centre. 

Although  I  agree  with  Mr.  Airy  that  mixed  considerations 
should  be  avoided  in  questions  of  this  nature,  I  cannot  forbear 
entering  upon  one  which  appears  to  furnish  a  test  for  deciding 
between  Poisson's  results  and  mine.  From  what  has  just 
been  said,  it  follows  that  the  velocity  of  a  fluid  particle  at  the 
surface  of  the  sphere  relative  to  the  surface  =  velocity  of  the 
sphere  X  sin  0.  Consequently  if  we  imprass  on  the  sphere 
and  the  fluid  the  sphere's  velocity  in  the  opposite  direction, 
the  sphere  will  be  reduced  to  rest,  the  fluid  will  impinge  upon 
it,  and  the  acttud  velocity  of  a  fluid  particle  along  the  surface 
of  the  sphere  will  be,  the  velocity  of  the  fluid  x  sin  6.  This 
result,  which  we  can  hardly  conceive  to  be  in  error  when  the 
motion  is  slow,  is  at  variance  with  Poisson's  conclusions. 

I  have  now,  I  think,  sufBciently  shown  that  the  results  I 
lon^  since  obtained  respecting  the  resistance  of  the  air  to  an 
oscillating  sphere  are  legitimately  derived  from  a  general 
hydro-dynamical  principle.  The  accordance  of  these  results 
with  experiment  is  not  of  itself  a  proof  of  the  truth  of  the 
principle,  and  I  do  not  therefore  see  that  any  advantage  can 
be  gained  by  further  consideration  of  this  particular  problem. 
At  the  same  time  that  I  say  this,  to  avoid  fruitlessly  prolong- 
ing the  present  discussion^  I  willingly  express  the  satisfaction 
it  nas  given  me,  that  the  Astronomer  Royal,  in  the  midst  of  his 
many  and  arduous  engagements,  should  have  thought  tliis 
subject  worthy  of  so  much  attention ;  and  though  I  do  not 
3ee  reason  for  changing  my  first  views,  I  acknowledge  that 
they  have  become  clearer  on  several  points  by  the  remarks 
which  this  discussion  has  elicited. 

I  am,  Gentlemen,  yours,  &c« 

Cambridge  Observatory,  June  19, 1841.  J*  Challis. 
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XIV.  Researches  on  HeaL — Fourth  Series.  On  the  Ef* 
feci  of  the  Mechanical  Texture  of  Screens  on  the  immediate 
transmission  of  Radiant  Heat*.  By  James  D.  FoaBES, 
Esq.j  F.R.SS.  L.  4r  -B->  Professor  of  Natural  Philosophy  in 
the  University  of  Edinbftrgh.f 

Aits.  1 — 12,  Laminated  and  Smoked  Sw faces.  IS— 29, 
Rough  Surfaces.  SO — S*,  Metallic  and  other  Gratings. 
35 — 53,  Powdered  Surfaces,     5^—65,  Conclusions. 

1.  f\^  the  2nd  September  1839,  M.  Arago  communicated 
^^  to  the  Academy  of  Sciences  of  Paris  a  letter  by  M. 
Melloni,  containing  some  very  interesting  experiments  on 
the  transmission  ot  Radiant  Heat.  M.  Melloni  finds  that 
rock-salt  (which  is  well  known  to  transmit  rays  of  heat  from 
all  sources  yet  tried  with  equal  facility)  acquires,  by  being 

t  From  the  Transactions  of  the  Royal  Society  of  Edinburgh,  vol.  xv. 
Part  1. 

*  The  substance  of  the  present  paper  was  communicated  to  the  Royal 
Society  of  Edinburgh  on  the  16th  December  1839»  in  the  words  of  the 
roemoraiidum  which  forms  part  of  this  Note.  The  memorandum  itself 
was  read,  with  some  verbal  explanation  and  citation  of  additional  facts,  on 
the  6th  of  January.  Every  experiment  to  which  reference  is  made  in  the 
present  paper,  was  performed  between  the  13th  November  1839  and  the 
4th  March  1840.  Since  that  time,  I  have  not  made  a  single  experiment 
on  the  subject.  Occupation  of  other  kinds  has  prevented  me  from  digest* 
ing,  until  now,  the  results  of  these  experiments,  and  from  stating  the  grounds 
ofthe  conclusions  which  1  formerly  announced.  The  present  paper,  as  it 
stands,  having  been  submitted  to  the  Council  on  the  15th  May  1840,  is 
printed  by  their  authority.  The  following  is  the  memorandum  just  re- 
ferred to,  reprinted  from  the  Proceedings  of  the  Royal  Society  of  Edin- 
burgli : — 

*'  On  the  Effect  of  the  Mechanical  Texture  of  Screens  on  the  immediate 
transmission  of  Radiant  Heat.  By  Professor  Forbes.-— On  the  2nd  of 
September  1839,  M.  Arogo  communicated  to  the  Academy  of  Sciences  a 
letter  by  M.  Melloni,  containing  some  very  interesting  experiments  on  the 
transmission  of  Radiant  Heat.  M.  Melloni  finds,  that  rock-salt  (which  is 
well  known  to  transmit  rays  from  every  source  with  equal  facility)  acquires, 
by  being  nnoked,  the  power  of  transmitting  most  easily  heat  of  low  tempe* 
rature,  or  that  kind  of  heat  stopped  in  greatest  proportion  by  glass,  alum, 
and  (according  to  M.  Melloni)  every  other  substance.  The  experiments 
contained  in  tne  Third  Series  of  my  Researches  on  Heat,  show  that  this  is 
equivalent  to  saying,  that  substances  in  general  allow  onl^  the  more  re- 
frangible rays  to  pass;  and  as  M.  Melloni  had  been  led  by  his  previous  ex- 
periments to  the  same  conclusion,  his  statement  amounts  to  this,  that, 
whilst  rock-salt  presents  the  analogy  of  white  glass,  by  transmitting  all  rays 
in  equal  proportions,  every  substance  hitherto  examined  acts  un  the  calo- 
rific rays  as  violet  or  blue  glass  does  on  light,  absorbing  the  rays  of  least  re* 
franeibility,  and  transmitting  only  the  others. 

**  M.  Melloni  believes,  that  the  first  exception  to  this  rule,  or  the  first 
analogue  of  red  glass,  is  rock-salt  previously  smoked.  I  desire,  however, 
first  to  call  attention  to  the  fact,  that,  in  a  paper  published  in  May  1838 
(Researches  on  Heat,  Third  Series),  I  described  a  substance  having  similar 
properties,  namely,  mica  split  by  heat  to  extreme  thinness,  such  as  1  employ 
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smoked,  the  power  of  transmitting  most  easily  heat  of  low 
temperature,  or  that  kind  of  heat  which  is  stopped  in  greatest 
proportion  by  glass,  alum,  and  (according  to  M.  MeUoni) 
every  other  substance. 

2.  In  the  Third  Series  of  these  Researches,  §  3, 1  have  at- 

in  polarizing  heat.  In  the  month  of  March  1838, 1  had  established  by  re- 
iterated experiments,  that  the  transmission  of  heat  through  glass,  far  from 
rendering  it  less  easily  absorbed  by  mica  in  this  peculiar  state,  had  a  coo- 
trarj'  effect,  and  also  that  heat  of  low  temperature,  wholly  uoaccompanied 
by  light,  was  transmitted  almost  as  freely  as  that  from  a  lamp  previously 
passed  through  glass. 

<'  It  e?en  appears,  from  experiments  I  have  since  made  with  the  same  form 
of  mica,  that  some  specimens  transmit  scarcely  half  ?&  much  luminous  heat 
previously  passed  through  glass,  as  that  from  a  body  below  viable  incan- 
descence. 

**  Mica  itself,  not  laminated  by  the  action  of  fire,  possesses,  as  I  have 
shown  by  contrasted  tables  in  the  paper  referred  to  (Art.  23,  24),  properties 
exactly  the  reverse ;  hence  the  effect  is  due  to  the  peculiar  mechanical  con- 
dition of  the  body,  and  not  to  its  elementary  composition. 

**  It,  therefore,  at  once  occurred  to  me,  on  reading  M.  Melioni*f  com- 
munication, that  the  efiect  of  smoking  the  salt  might  be  merely  owing  to  a 
mechanical  change  in  the  surface  affecting  the  transmission. 

'*  Roughening  the  surface  was  the  most  obvious  experiment,  and  I  found, 
as  I  anticipated,  that  heat  of  low  temperature  is  very  much  easier  trans- 
mitted by  salt  scratched  by  sand-paper  in  two  directions  at  right  angles, 
than  luminous  heat.  Thus,  a  plate  of  salt  which,  when  well  polished. 
transmits  92  per  cent,  of  heat  derived  from  a  lamp,  and  sifted  by  agfasaplate» 
and  also  92  per  cent,  of  heat  wholly  unaccompanied  by  light,  transmitted, 
when  roughened,  only  17  per  cent,  of  the  former  and  45  per  cent,  of  the 
latter. 

<'  A  thin  plate  of  mica,  when  similarly  scratched  with  emery-paper,  so  as 
merely  to  depolish  it,  transmitted  much  more  nearly  the  same  per-centage  of 
heat  from  different  sources  than  when  bright ;  showing  that  the  loss  of  polish 
affects  the  transmission  of  the  more  refrangible  rays  much  more  sensibly 
that  that  of  the  others. 

**  Yet  this  effect  is  not  attributable  to  a  variation  in  the  ratio  of  the  re> 
flexion  of  heat  of  different  kinds  at  the  surfaces  of  the  plate.  For,  in  the 
first  place,  I  have  proved,  and  already  communicated  the  fact  to  the  Royal 
Society  (see  Proceedings  for  April  1839),  that  reflexion  takes  place  at  a 
polished  surface,  with  almost,  if  not  exactly,  the  same  intensity  for  all  kinds 
pfheat;  and,  «6cofid/y,  1  have  found,  by  direct  experiment,  that*  at  least 
for  the  higher  angles  of  incidence,  reflexion  is  most  copious  from  rou^ 
surfaces  for  heat  of  low  temperature,  or  the  same  kind  wnich  is  most  freely 
transmitted,  proving  incontestably  that  the  s^t^ti^  action  of  rough  surfaces 
is  the  true  cause  of  the  inequality. 

<*  That  there  is  a  real  modification  of  the  heat  in  passing  through  a  rough- 
ened surface,  as  well  as  through  laminated  mica  and  the  smoky  film,  ap- 
pears from  direct  experiments  which  I  have  made  on  the  heat  sifted  by 
these  different  media ;  which,  when  transmitted  by  any  one  of  tbese^  is 
found  in  a  fitter  state  to  pass  through  each  of  the  others;  and  this  modi- 
fication is  found  to  be  more  perceptible  as  the  charact^  of  the  heat  is  more 
removed  from  that  which  these  media  transmit  most  readily,  that  is,  at  the 
temperature  of  the  source  is  higher.  Thus,  heat  derived  from  a  lamp,  has 
36  per  cent,  transmitted  by  a  certain  smoked  plate  of  rock-salt.  But  if 
the  heat  transmitted  by  the  smoked  salt  has  previously  been  sifted  or  ana- 
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tempted  to  demonstrate^  directly  and  numerically,  that  the 
rays  of  heat  which  have  passed  through  alum,  glass,  and  in* 
deed  every  substance  which  I  tried,  have  a  mean  refrangibiliiy 
superior  to  that  of  the  rays  before  such  transmission ;  and  as 
m.  Melioni  had  been  led  in  a  general  way  by  his  previous 
experiments  to  a  similar  conclusion,  he  inferred,  and  justly, 
that  most  diathermanous  bodies  absorb  the  less  refrangible 
rays  in  excess,  and  therefore  are  to  heat  what  green,  blue,  or 
violet  diaphanous  media  are  to  light.  Rock-siut  alone  (so  far 
as  we  know)  possesses  the  property  oi  indifferent  diathermancy^ 
and  is  the  single  analogue  of  white  transparent  glass. 

3.  The  generalization  of  this  principle  is  a  matter  of  much 
importance,  and  especially  as  it  carries  our  knowledge  a  step 
higher  in  the  scale  of  truth,  by  teaching  us  to  refer  to  the 
auality  of  refrangibitity  certain  properties  of  heat,  which  be- 
fore  were  connected  only  with  certain  vague  characters  of  the 
nature  of  the  source  whence  it  was  derived.  Amongst  other 
things  we  find,  what  was  long  suspected,  but  what  M.  Melioni 
first  conclusively  proved,  that  the  presence  or  absence  of  liaht 
is,  to  a  great  extent,  immaterial;  no  doubt  a  concomitant,  but 

lysed  by  transmission  through  another  plate  of  smoked  salt,  throudi  lami- 
nated mica,  and  through  roughened  salt,  the  per-centage  is  raised  from  36 
to  44  in  the  two  former  ctae%  and  to  40|  in  the  latter,  proving  incontest* 
ably  the  specific  action  of  these  transmissions  in  arresting  the  more  relran* 
gible  rays. 

"I  next  considered,  that  as  a  moderate  number  of  scratches  appeared  to 
produce  this  modification,  it  might  be  practicable  to  obtain  the  effect  by 
transmitting  heat  simply  through  fine  wire  gauze.  I  could  not  obtain  it 
finer  than  sixty  wires  to  the  inch,  and  in  this  case,  I  could  obtain  no  indi* 
cations  of  dtfierences  in  the  transmitted  ratios  of  one  or  other  Icind  of  heat. 
The  proportion  transmitted  to  the  direct  effect,  was,  in  ever^  case,  almost 
exactly  that  of  the  area  of  the  interstices  of  the  gauze  to  its  entire  sur- 
fiioe. 

**  When  fine  gratings  (us^  for  Fraunhofer*s  interference  fiinges)  made 
of  cotton-thread  were  used,  even  in  this  case  no  difference  was  perceived ) 
here,  however,  the  thread,  having  probably  a  certain  degree  of  permeability, 
might  mask  the  effect. 

<*  When  fine  powders  were  strewed  between  salt  plates,  leaving  minute 
interstices,  the  easier  transmission  of  heat  of  low  temperature  was  again 
apparent. 

**  Having  procured  delicate  lines  to  be  drawn  with  a  diamond  point  on 
a  polished  salt  surface,  first  dividing  it  into  squares  l-lOOdth  inch  in  the  side, 
then  into  parallel  stripes  l-200dth  inch  apart,  and  finally  into  squares  of  the 
latter  dimension,  in  every  case  the  effect  resembled  that  of  random  scratches, 
and  was  more  apparent  as  the  surface  was  more  furrowed. 

*'  I  have  finally  to  observe,  that  the  mere  process  of  natural  tarnishing 
by  the  exposure  of  salt  to  the  air,  produces  a  similar  effect. 

"These  facts  evidently  point  to  phaenomena  in  heat,  resembling  diffrac- 
tion and  periodic  colours  m  light.  I  cannot  doubt  that  the  simple  trans- 
mission through  fine  metallic  mtings  would  produce  effects  similar  to  those 
of  the  striated  surfaces  of  roA-foAu-— December  16,  1839."' 
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not  an  indispeniable  circumstance.  Again,  certain  relations 
had  been  established  at  an  early  period  in  the  history  of  the 
science  of  heat,  between  the  colour  of  a  surface  and  the  quan- 
tity of  heat  which  it  absorbed,  and  this  relation  for  any  two  * 
surfaces  compared  (as  black  and  white,  of  similar  textures)^ 
was  first  clearly  shown  by  Sir  John  Leslie,  to  depend  upon 
the  luminosity  of  the  source  of  heat,  to  which  conceiving  it 

Eroportional,  that  philosopher  based  upon  it  the  principle  of 
is  Photometer*.  Professor  Powell,  of  Oxford,  conceived 
and  executed  an  ingenious  experiment,  by  which  it  is  demon- 
strated that  the  interposition  of  a  screen  of  glass,  though  it 
stops  but  little  light,  alters  most  materiallv  the  influence  of  co- 
lour on  the  transmitted  heat,  thus  annibilatinff  at  once  the 
principle  of  photometric  measurement  adopted  oy  Leslie,  ex- 
cept in  a  very  limited  class  of  casesf  •  M.  Melloni  nas  fully  con- 
firmed the  experiments  of  Professor  PoweU]:,  which  therefore 
may  be  considered  as  establishing  this  conclusion,  that  the 
quality  of  blackness  or  "whiteness  of  a  surface  aflects  its  power 
of  absorbing  heat  {not  in  proportion  to  the  luminosity  of  that 
heat,  as  was  formerly  supposed,  but)  in  proportion  to  its  re- 
frangibility. 

4*  It  is  both  convenient  and  correct,  therefore,  to  consider 
the  refrangibility  of  heat  as  the  cause  of  most  of  its  distinctions 
oi  kind  and  degree  of  modification  in  our  experiments,  instead 
of  making  vague  reference  to  the  temperature  of  the  source 
whence  it  is  derived.  Heat  derived  from  the  following  scale 
of  temperatures  corresponds  to  heat  of  prc^ressively  elevated 
refrangibility;  as,  1.  Heat  from  ice  has  a  less  refrangibility 
than  that  from,  2.  the  hand,  which  again  is  below,  S.  that  from 
boiling-water :  then  comes,  4.  that  from  a  vessel  of  mercury 
under  its  boiling  temperature,  5.  a  piece  of  smoked  metal, 
heated  by  an  alcohol  lamp  behind,  but  itself  quite  invisible  in 
the  dark,  6.  incandescent  platinum  (a  coil  of  wire  in  an  alco- 
hol flame),  7.  an  oil  lamp  (Locatelli's).  Such  is  the  scale 
of  heat  which  has  often  been  referred  to  in  M.  Melloni's  re- 
searches and  my  own ;  but  though  our  apprehension  of  the 
temperature  of  tne  source  ceases  to  be  so  clear  above  this  li- 
mit, and  the  colour  and  brightness  of  the  light  which  accom- 
panies the  heat  no  longer  varies  distinguishaoly,  the  scale  may 

*  Essay  on  Heat»  1804.  f  Phil.  Trans.  18£5,  p.  187. 

X  Ann.  de  Chimie,  Avril  1834.  M.  Melloni  finds,  for  instance,  that  the 
rays  from  an  oil-lamp  falling  on  black  and  white  surfaces^  affects  their  tem- 
perature in  the  proportion  of  1000 :  805.  And  the  same  proportion  holds 
if  they  be  transmitted  through  a  plate  of  rock-salt ;  but  if  a  plate  of  alum 
be  used,  though  equally  transparent  for  light  with  the  salt,  the  proportion 
is  now  1000 :  4^. 
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be  carried  upwards  indefinitely  by  interposing  screens  ofdiifer* 
ent  materials,  which  either  may  be  proved  directlt/  (as  I  have 
done  in  the  Third  Series  of  these  researches)  to  increase  the 
refrangibility,  or  we  may  take  Professor  Powell's,  or  any  si- 
milar test,  which  our  experiments  lead  us  to  conclude  to  be 
co-ordinate  with  the  fact  of  refrangibility.  Such  a  prolonga- 
tion of  the  scale  of  heat-sources  would  be, 

8.  Oil-lamp  heat  transmitted  by  Common  mica. 

9.  '  ■  Glass  (Argand  lamp), 
10.  ■>— —                        Citric  acid. 

11, ■  '      Alum. 

12. Ice. 

A  clear  appreciation  of  the  scale  of  refrangibility  as  the  im- 
portant test  for  the  qualities  of  heat  cannot  be  too  clearly  ap- 
prehended and  admitted.  Heat  from  any  source,  if  it  admit 
of  transmission  at  all  through  glass,  alum,  or  water,  will  ulti- 
mately have  the  character  of  glass-heat,  alum-heat,  or  water- 
heat,  just  as  light  from  the  sun,  or  from  a  candle,  becomes  red, 
blue,  or  green,  by  transmission  through  glasses  of  these  co- 
lours. 

5.  Now,  when  M.  Melloni  had  shown  (and  this  experi* 
nient  I  believe  was  original  to  him),  that  substances  which 
stop  every  ray  of  even  intense  light  (as  opake  glass  and  some 
kinds  of  dark  mica),  yet  transmit  a  sensible  quantity  of  heat, 
it  was  not  unnatural  to  inquire  whether  the  invisible  heat  thus 
obtained  from  a  luminous  source,  might  not  possess  the  quali- 
ties of  heat  from  a  dark  source,  in  other  words,  whether  bo- 
dies, like  black  glass  and  mica,  instead  of  stopping  the  less  re- 
frangible rays  like  glass,  alum,  &c.,  would  not  suffer  these  to 
escape,  and  absorb  the  most  refrangible  rays,  acting  upon  heat 
as  a  body  does  upon  light,  which  stops  the  yellow,  blue,  and 
violet  rays,  that  is,  as  red  glass  does. 

6.  Experiment  partly  fulfils  this  expectation,  and  partly  not. 
The  careful  and  complete  series  of  experiments  made  by  M. 
Melloni  upon  the  qualities  of  the  invisible  heat  thus  obtained*, 
shows,  that  although  it  resembles  low-temperature-heat,  in  so 
far  as  it  is  very  feebly  transmitted  by  alum  or  citric  acid,  yet 
low-temperature-heat  (that  from  boiling  water  for  instance) 
is  but  very  faintly  transmitted  through  the  black  glass  or  mica, 
which  ought  not  to  be  the  case  if  these  bodies  acted  like  a 
sieve,  which  arrested  the  more  refrangible  rays,  and  suffered 
the  others  to  escape. 

7.  The  direct  test,  however,  of  examining  the  refrangibility 
of  the  heat  rays  issuing  from  opake  screens  yet  remained  ;  and 

*  Annales  dc  Chimie,  Avril  1834. 


Digitized 


by  Google 


74  Professor  Forbes's  Researches  on  HeaL 

in  applying  this,  I  proved  that  opake  glass  and  mica  aet  as 
clear  glass  and  mica  do  in  elevating  the  mean  re/rangilnlity  of 
the  transmitted  heaU     Hence  I  concluded  that  the  effect  of 
such  media  upon  heat  is  to  absorb  the  rays  of  greatest  and 
least  refrangibiltty,  in  short,  to  act  as  homogeneous  yellow 

S^ass  would  do  upon  light,  the  mean  refrangibility  being  on 
e  whole,  however,  increased  by  transmission.  I  also  pointed 
out  that  heat  from  luminous  sources  is  probably  fiir  more  com- 
pound in  its  nature  than  dark  heat ;  that  the  darkness  of  heat 
is  no  test  of  its  refrangibility ;  and  that  even  the  most  refran- 
gible rays  may  contain  heat  separable  from  the  light  which 
accompanies  it*. 

8.  In  all  this,  then,  there  appears  nothing  exactly  eqniva- 
lent  to  the  action  of  red  glass  upon  light, — ^ne  substance  which 
transmits  most  easily  heat  of  low  refrangibility  and  tempe- 
rature, and  which  separates  heat  of  that  description  from  the 
compound  emanation  from  luminous  sources.  Reasoning 
probably  upon  the  conclusions  just  stated,  M.  Melloni  con- 
ceived the  happy  idea  of  combining  an  opake  substance,  such 
as  smoke,  with  a  solid,  which  itself  should  effect  no  specific 
change  upon  the  incident  heat.  He  therefore  smoked  rock-saU^ 
and  lound  that  it  presented  a  complete  analogy  to  red  glass, 
transmitting  most  easily  heat  of  low  temperature  and  refran- 


gibility. 
9.  Wb 


9.  Whilst  I  give  full  credit  to  M.  Melloni  for  the  ingenuity 
and  importance  of  his  experiment,  I  must  be  permitted  to  state, 
that  I  conceive  that  I  preceded  him  by  eighteen  months  in 
the  discovery  of  a  substance  possessing  similar  properties, 
although  I  very  readily  admit,  that,  havmg  been  led  to  that 
observation  incidentally,  I  first  pursued  the  remark  into  con- 
sequences which  I  considered  important,  after  M.  Melloni  had 
called  particular  attention  to  the  experiment  with  smoked  sur- 
faces. On  the  27th  February,  1 9th  and  20th  March  1838 
(as  appears  by  my  Journal  of  Experiments),  I  proved  that 
mica,  split  into  very  thin  films  by  ttie  action  of  heat,  such  as 
I  employ  for  polarizing,  possesses  the  property  of  transmitting 
in  larger  proportion  several  of  the  less  refrangible  kinds  of 
heat,  and  in  particular,  that  it  transmits  heat  from  a  source 
perfectly  obscure,  in  almost  exactly  the  same  proportion  with 
the  highly  refrangible  heat  of  a  lamp  transmitted  through  glass. 
I  have  no  hesitation  in  saying,  that  no  other  substance  known 
previously  to  M.  Melloni's  experiments  with  smoked  salt,  gave 
any  approximation  to  the  following  results,  which  are  taken 
from  the  Third  Series  of  my  Researches,  art  24. 

•  Researches  od  Heat,  Third  Series,  art  73«  81,  &c. 
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Table  of  the  proportion  of  Heat  from  different  sources  trans- 
mitted by  we  rolarizing  Mica  Plates  I  and  K,  contrasted 
with  the  transmissions  by  Mica  in  its  usual  state,  and  with 
Black  Glass. 


SouieeofHeat 

mnipUtby 

Heat, 

PUtMlandK. 

Mica -015  Inch 
thldL 

Black  OteM*. 

Locatelii  lamp,  with  glass.*. 
Locatelli 

100 

116 

108 

96 

62 

100 

79 
70 
21 
11 

100 

70 

Incandescent  platinum 

Brass  at  700'' 

Heat  at  212*> 

*  A  contrast  experiment 

made  at  the  same  time,  March  20,  1838. 

10.  This  singular  result  of  the  mechanical  condition  of  the 
mica  did  not  fan  to  strike  me  greatly  at  the  time,  and  was  not 
published  until  after  careful  repetition.  It  afforded  a  triumph- 
ant reply  to  an  objection  against  my  experiments  which  I  was 
then  combating,  that  the  quantity  of  heat  absorbed  by  the  po- 
larizing plates  nad  modified  and  even  inverted  the  results,  and 
having  satisfied  myself  of  that,  I  did  not  pursue  the  matter 
further.  The  moment,  however,  that  I  read  M.  Melloni's  com- 
munication on  Smoked  Salt,  I  perceived  the  important  light 
which  the  perfectly  analogous  case  of  the  split  mica  might 
throw  upon  the  phasnomenon.  It  was  evident  that  the  results 
were  similar  in  kind,  it  was  probable  that  they  might  be  made 
to  approximate  in  degree.  Instead,  therefore,  of  interposing 
mica  piles  at  the  great  and  disadvantageous  obliquities  which 
I  had  employed  (when  I  wished  simply  to  test  their  action  as 
polarizing  plates),  I  took  a  split  mica  pile  (frequently  referred 
to  in  former  parts  of  these  memoirs  under  the  designation  H) 
and  placed  it  perpendicularly  to  the  incident  rays  of  heat  I 
obtained  the  rollowing  results : — 


Transmbsion  through  Split  Mica  H,  at  a  Perpendicular  Incidence. 

SourMofHtal 

Per  100  of  In. 
cident  Rayi. 

lUlaUve  X^«iu. 
miMlon. 

I..orAtMli   with  fflass 

9*2 
137 
17-3 
16-3* 

100 
150 

188 
178 

Locatelli    

Dark  hot  brass  ......••• ■ 

Hot  water •••.. 

*  This  observation  baring  been  made  at  a  different  time  from 
the  others,  and  probably  not  under  exactly  the  same  circum- 
stances, I  have  stated  it  in  the  way  least  favourable  to  the  views  I 
entertain :  the  per-centage  actually  observed  was  19. 

11.  It  appears,  then,  very  clearly,  that  this  peculiar  condi« 
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tion  of  mica  induces,  in  opposition  to  the  natural  quality  of 
the  substance  (9),  the  same  peculiarity  which  a  film  of  smoke 
possesses  relatively  to  the  incident  heat.  It  is  truly  for  heat 
what  red  glass  is  for  light,  it  transmits  most  freely  rays  of  low- 
est refrangibility. 

12.  Seeing  clearly  from  the  first  that  the  change  of  charac- 
ter in  mica  was  due  to  the  splitting  up  into  an  almost  infinite 
number  of  minute  surfaces  the  natural  laminae  of  the  mineral 
mica;  and  attributing  the  character  of  redness  (so  to  speak)  to 
the  multiplied  and  irregular  reflexions  and  interferences  which 
must  so  take  place,  it  occurred  to  me  as  very  probable,  that 
the  edect  of  smoke  was  due  to  the  superposition  of  a  prodigi- 
ous number  of  minute  opake  points  upon  a  transparent  surface, 
and  that  not  so  much  from  any  physical  peculiarity  of  its  car- 
bonaceous material,  as  from  the  mechanical  distribution  of 
opake  dust  over  the  diaphragm  of  rock-salt. 

13.  This  induced  me  to  try  the  effect  of  mechanical  allera* 
tions  of  the  physical  surface  of  the  salt,  expecting  to  find  an  ef- 
fect analogous  to  that  of  smoking,  and,  guided  by  no  other 
grounds  ol  conjecture  than  those  which  I  have  stated,  I  rough- 
ened with  sand-paper  both  sides  of  a  polished  plate  of  rock-salt, 
furrowing  each  surface  rectangularly  until  it  was  quite  dim. 
I  then  examined  its  transniissive  power  for  heat  from  different 
sources,  and  was  gratified  to  find  my  anticipation  realized. 
The  proportion  of  dark  heat  transmitted,  compared  to  that 
frond  a  lamp  sifted  by  glass,  was  no  less  than  as  d  to  1*. 

*  I  state  it  as  a  proof  of  the  conviction  which  1  bad  of  the  real  charac- 
ter of  split  mica  with  respect  to  heat,  that  the  reasoning  stated  in  the  text 
was  founded  upon  no  experiments  made  subsequently  to  those  of  March  1838 
already  quoted.  The  very  first  entry  in  my  journal-book  of  last  autumn 
contains  simultaneous  experiments,  (1 .)  on  smoked  salt,  to  verify  M.  Mclloni's 
observations :  (2.)  on  split  mica,  to  extend  my  own  of  March  1838  to  per- 
pendicular incidences :  (3).  on  scratched  surfaces,  on  the  assumption  that 
the  two  former  would  be  realized.  As  M.  Melloni  thinks  that  I  had  not 
a  clear  idea  of  the  properties  of  split  mica,  which,  indeed,  if  I  understand 
him,  he  still  doubts,  I  will  quote  verbatim  the  passage  in  my  laborator}- 
book  alluded  to.—*'  1839,  Nov.  19.  M.  Melloni  having  lately  stated 
iComptes  Rendus,  2nd  Sept.)  that  smoked  rock-salt  is  the  only  substance 
known  which  transmits  heat  of  low  temperature  easier  than  luminous,  this 
is  in  the  first  place  contradicted  by  my  experiments  of  1838,  Mar.  20.  &c« 
on  mica  split  by  heat,  already  published, — and'in  the  next  place,  I  felt  [feet] 
some  doul)t  whether  [in  his  experiments]  it  was  the  quality  of  the  Material 
or  only  the  surface  which  affects  the  result.  To  try  this,  and  to  verify  pre- 
vious experiments,  I  smoked  a  plate  of  rock-salt ;  1  rougketted  another  with 
sand-paper,  first  on  one,  and  then  on  both  surfaces ;  I  had  also  the  split 
mica  plate  marked  H  placed  perpendicularly  to  the  rays  of  heat." 

[Here  follow  the  experiments,'] 
"  It  clearly  appears,  then,  that  salt  simply  roughened  transmits  most  dark 
heat.    1  presume  that  the  effect  of  smoking  is  only  superficial,  and  that 
roughening  stifles  luminous  heat  faster  than  dark  heat." 

This  is  the^r«^  entry  in  my  book  after  the  publication  of  M.  Melloni's 
letter  in  the  Comptes  Rendtts,  and  it  is  given  entire. 
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14.  It  thus  appeared  that  tliere  are  at  least  three  conditions 
under  which  a  medium  can  be  found  capable  of  transmitting 
heat  of  low  refrangibility,  and  that  two  of  these  had  reference 
soMy  to  mechanical  constitution.  It  was  natural  to  generalize 
and  attempt  to  include  the  case  of  the  film  of  smoke,  as  well 
as  the  striated  and  the  laminated  surface,  under  one  category. 
I  have  already  said  that  the  mechanical  distribution  of  the 
opake  carbonaceous  particles  offered  a  plausible  analogy,  which 
I  proceeded  to  attempt  to  carry  out. 

15.  The  numbers  in  art.  10,  may  be  compared  with  the 
fallowing:-— 


Source  of  Heat 

cidentIU7i,by 

Relative  lYanimUalon  by 

Smoked  Salt. 

Rough  Salt 

Smoked  Salt. 

Rough  Salt 

LocatelH,  with  glass ... 
Locatelli    

30 

68 
67 

49 
6£ 
70 

77 

100 

192 
223 

100 

128 

142 
167 

Hot  water 

16.  It  occurred  to  me  that  if  the  action  of  the  smoke  was 
entirely  a  superficial  one,  or  due  to  the  character  of  a  rough 
surface  applied  to  the  plate  of  rock-salt,  that  the  effect  of  two 
such  surraces  upon  the  transmission  of  heat  would  probably 
differ  from  that  of  a  single  film  of  smoke,  so  thick  as  to  pro- 
duce an  equal  absorption  of  heat  of  any  particular  degree  of 
refrangibility.  For  this  purpose  I  smoked  three  plates  of  po- 
lished rock-salt,  so  that  two  marked  D  and  £  absorbed  toge^ 
ther  as  much  dark  heat  (very  nearly)  as  the  third  plate  A  did 
alone. 

17.  I  may  take  this  opportunity  of  mentioning  the  way  in 
which  I  have  succeeded  in  smoking  inflammable  surfaces 
without  burning  them,  or  crystallized  plates,  like  rock-salt, 
which  crack  and  fly  by  the  direct  application  of  the  flame  of 
a  candle.  A  coarse  gas-flame,  surrounded  by  a  wide  metal 
lube  10  or  15  inches  long,  against  the  side  of  which  the  flame 
partly  plays,  affords  a  stream  of  comparatively  cool  smoke, 
which  may  be  applied  to  any  given  surface.  With  these  three 
smoked  salt-plates  I  obtained  the  following  results : — 


Source  of  Heat. 

Locatelli,  with 
GUM. 

Locatelli. 

Dark  Heat. 

Smoked  Salt  Plate  A    

n 

Per  cent. 

8-3 
26 
23'5 

7-3 

Per  cent. 

17-2 
41 
36 
18 

Per  cent 
32-9 
58 
53-6 
321 

E 
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As  most  of  these  results  are  from  single  experiments,  the  first 
and  the  last  line  must  be  considered  as  almost  identical,  and 
certainly  do  not  indicate  any  material  specific  difierenoe  in  the 
absorbent  qualiiies  of  one  thick  and  two  thin  films  of  smoke, 
which  might  be  expected  if  the  action  were  a  merely  superficial 
one. 

18.  From  these  numbers  we  deduce  another  conclusion  of 
some  importance.  Since  a  film  of  smoke  transmits  most 
easily  heat  of  low  temperature  and  refrangibility,  we  may  ex- 
pect that  it  will  modify  the  quality  of  any  compound  beam  of 
heat  which  it  transmits,  and  that  one  such  transmission  will 
therefore  render  a  second  more  easy.  Now,  we  find  that  the 
plate  D  transmitted  26  per  cent  oi  heat  from  the  first  of  the 
above  sources,  and  that  of  the  26  rays  escaping  from  D,  and 
falling  upon  a  second  smoked  film  E,  £  transmitted  7*3,  or 
28  per  cent,  of  those  incident  upon  it.  But  bv  the  third  line 
of  the  table  E  transmitted  23*5  per  cent,  only  of  the  direct 
rays,  consequently  the  capacity  for  transmission  has  been  in- 
creased. In  the  same  way  for  Locatelli  heat  we  find  the  per* 
centage  for  E  raised  from  S6  to  4>4  by  previous  transmission 
through  D ;  and  for  dark  heat  from  BS'S  to  56. 

19.  Hence  a  useful  application  of  smoked  surfaces  to  which 
I  have  sometimes  had  recourse.  It  is  often  important  to 
operate  with  more  or  less  refrangible  rays  of  heat  under  ex- 
actly the  same  circumstances  of  parallelism  or  divergence,  and 
intensity.  Having  adjusted  an  oil-lamp  with  a  salt  lens,  so  as 
to  afibrd  a  compound  beam  stronger  than  required,  we  may, 
by  interposing  a  plate  of  smoked  salt,  absorb  the  most  refran- 
gible rays,  and  suffer  the  others  alone  to  pass,  and  by  then 
using  a  glass  of  proper  thickness,  the  intensity  of  the  heat  may 
be  reduced  in  the  very  same  proportion,  but  the  more  refran- 
gible (hottest^  rays  are  aloue  retained*. 

20.  Now  tne  results  of  (17),  though  not  what  I  anticipated 
as  most  probable,  do  not  altogether  relieve  us  from  some  doubt 
as  to  the  nature  of  the  action  of  the  film  of  smoke,  although 
those  experiments,  as  well  as  others  which  are  to  be  detailed 
in  this  paper,  incline  me  to  M.  Melloni's  opinion,  that  the 

*  Smoked  glass  is  evidently  an  excessively  opake  compound  medium, 
being  composed  of  two  parts  which  absorb  opposite  ends  of  the  heat  spec- 
trum. It  IS  curious  to  reflect  how  little  the  true  cause  of  the  opacitv  of  a 
film  of  smoke  deposited  upon  glass  was  understood  at  the  time  that  it  was 
quoted  as  a  convincing  proof  of  the  immediate  radiation  of  heat  through 
solid  bodies.  Far  from  smoke  being  the  untransparent  substance  supp<Med 
(I  use  the  word  loosely  in  applying  it  to  heat),  it  transmita  a  quantity  of 
some  kinds  of  heat  really  surpridng,  although  the  thicknea  of  the  smoke  be 
considerable. 
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smoke  acts  by  its  own  intimate  constitution,  and  not  by  its 
mechanical  arrangement.  Though  I  have  examined  smoky 
films  with  a  powerful  microscope,  I  have  failed  in  detecting 
the  minutely  divided  particles  of  carbonaceous  matter  of  which 
it  must  undoubtedly  consist.  Still  the  reticulation  which  fine 
powder  strewed  on  a  surface  must  form,  if  it  act  by  the  mi- 
nuteness of  the  spaces  which  are  left  (as  in  difiraction-expe- 
riments  on  light),  must  act  more  intensely  when  by  superpo* 
sition  such  reticulations  become  more  minute  and  complicated. 
And  it  may  little  matter  whether  the  smoky  screens  are  di- 
stinct, and  deposited  on  separate  plates  mechanically  placed 
in  succession,  or  whether  they  are  accumulated  by  continued 
smoking  on  a  single  surface.  I  do  not  state  this  with  a  view 
to  maintain  my  own  original  opinion,  which  I  am  rather  dis- 
posed to  abandon,  and  to  consider  a  smoked  surface,  diather-- 
fnanauSf  as  well  as  transparetit,  in  the  full  meaning  of  the 
words ;  but  in  extending  my  experiments  to  roughened  sur- 
faces, I  was  rather  surprised  to  find  that  the  contmued  action 
of  furrowing  the  surface  by  scratching  it  with  coarse  sand- 
paper, not  only  diminished  the  transmission  of  heat,  but  in- 
creased the  specific  action  on  rays  of  different  refrangibility, 
whilst  one  would  rather  have  imagined  that  the  action  being 
here  due  to  the  destruction  of  polisn,  and  therefore  superficial^ 
any  exaggeration  of  the  roughness  would  not  have  increased 
the  relative  diathermancy  to  rays  of  low  refrangibility. 

21.  Conclusive  experiments,  however,  mark  an  increased 
sensibility  to  various  kinds  of  heat  by  increased  roughness. 
Two  plates  of  salt,  marked  a  and  6,  having  been  scored  with 
sand-paper  in  rectangular  directions  on  both  sides,  were  placed 
so  as  to  intercept  similarly  a  parallel  beam  of  heat.  The  dif- 
ference of  the  following  numbers  is  due  to  the  less  degree  of 
roughness  of  a. 


Rough  Salt  Plate  a 

«■—-'■■—  b 


(a  +  A), 


Per>centaee  of  heatl 
received  through  a  \ 
transmitted  by  6 ...  J 

Ratio  of  a  to  ^    


Source  of  Heat. 


Locatelll,  with 
OUm. 


Percent 

30 
16-6 
7-2 


24 


100:66 


Locatelli. 


Percent. 
48*5 

28-5 
16 


33 


100:68-5 


Dark  Hot  Brats. 


Per  cent. 
69 
45 
27-5 


46-6 


100:76 
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Here,  then,  we  find  the  per-centage  of  transmission  raised  in 
every  case  by  a  previous  transmission  through  a  rough  sur- 
face. The  increased  facility  of  transmission  is  greater  in  pro- 
portion as  the  incident  heat  was  more  heterogeneous ;  dark 
heat  undergoes  very  little  change.  It  appears  also  by  the  last 
line  of  the  table,  that  the  increased  roughness  of  b  compared 
to  a,  had  enhanced  the  characteristic  eirect  (analogous  to  red- 
ness  for  light). 

22.  I  have  made  a  great  many  experiments  to  satisfy  my- 
self  that  the  action  of  all  the  three  media  already  specified 
(H)  is  precisely  analogous,  and  that  they  actually  insulate 
similar  rays  by  absorption.  The  following  table  is  a  speci- 
men, showing  the  increased  facility  with  wnich  rays  of  beat, 
from  whatever  source,  are  transmitted  by  smoked  rock-salt 
after  previous  transmission  through  the  same  or  other  sub- 
stances. 

Table  showing  the  Per-centage  of  Transmission  by  the  Smoked 
Rock-Salt  Plate  £  for  heat  from  different  sources,  and  mo- 
dified by  passing  through  the  (pUowing  Media. 


Source  of  Heat. 

Heat  tniumitted  by 

Nothing. 

SpUt  Mica  H. 

Smoked  Salt  D. 

Rough  Salt  a. 

Locatelli,  with  glass ... 
LocatelJi    

23-5 

36 

53-5 

43"5 
56 

28 
44 
56 

29 

40-4 
55 

Dark  hot  brass 

23.  It  is  very  important  to  consider  how  this  action  of  rough 
surfaces  may  be  explained,  and  whether  we  have  any  analo- 
gous phenomena  in  the  case  of  light.  Can  it  be  owing  to  the 
circumstance  that  the  depolished  surface  reflecting  di&rently 
the  various  kinds  of  heat,  those  kinds  least  copiously  reflected 
persevere,  and  form  the  majority  of  the  transmitted  rays  ?  To 
this  it  may  be  replied,  that  the  intensity  of  reflexion  at  po- 
lished surfaces  is  so  insignificant  at  a  perpendicular  incidence 
for  either  heat  or  light*,  that  were  the  whole  specularly  re- 
flected heat,  transmitted  in  the  one  case,  and  absorbed  in  the 
other,  the  difference,  instead  of  amounting  to  SO  per  cent,  or 
more,  of  the  incident  heat  (21),  could  not  exceed  4  per  cent. 

24.  Arguing  from  the  analogous  case  of  light,  I  anticipated, 
on  the  contrary,  that  the  reflected  as  well  as  the  transmitted 
beam,  would  be  more  intense  from  such  a  surface,  as  it  is  well 

>  known  that  polish  becomes  more  specular  for  rays  of  light  con- 

*  See  Melloniy  Atm,  de  Ckimie,  Dec.  1835,  and  my  Memorandum  on 
the  Intensity  of  Reflected  Heat  and  Light,  Proceedings  of  the  Koyal  So- 
ciety of  Edinburgh,  p*  ^54.   ' 


Digitized 


by  Google 


Fourth  Series.'^RotigA  Surfaces.  81 

sisting  of  longer  undulations,  the  inequalities  of  the  surface 
first  becoming  insignificant  for  red  light. 

25.  In  this  I  was  not  deceived.  My  pui*pose  not  being  to 
investigate  fully  the  subject  of  diffuse  reflexion,  I  confined  my 
attention  to  the  establishment  of  the  general  fact.  Employ- 
ing an  apparatus  which  I  have  not  vet  described,  but  which 
bears  a  great  analogy  to  that  figured  in  the  Society's  Trans- 
actions, vol.  xiv.  pi.  xiii.,  and  described  in  art.  51  of  the 
Third  Series,  I  observed  the  intensity  of  reflexion  of  heat 
from  different  sources  at  a  single  polished  surface  of  flint-glass, 
and  at  a  similar  surface  depolished  with  emery.  I  obtained 
at  considerable  incidences  the  following  striking  results  as  to 
the  increased  susceptibility  of  heat  to  be  regularly  reflected  at 
a  rough  surface,  when  it  is  of  low  temperature  or  refrangibility. 

Ratio  of  the  Intensities  of  Heat  reflected  by  a  Polished  and  a 
Rough  Surface  of  Flint- Glass. 


Angle  of  iBcidmoe. 

Source  of  Heat. 

LocatelU,with 
Olak 

LocatelU. 

Dark  Hot  Bms. 

60° 

70 

lOoVk-5 

100:34 
100:38-3 

100 :  35-4 
100 :  43-5 

So  far  then  the  character  of  the  action  of  depolished  sur- 
faces is  consistent  JTie  stifling  effect  (which  diminishes  both 
the  reflected  and  refracted  ray)  of  a  rough  or  laminated  surface 
diminishes  with  the  refrafigibility  of  the  incident  heat.  That 
the  same  thing  takes  place  in  the  reflexion  of  light  we  know; 
it  is  probable  that  it  does  so  in  its  transmission  likewise,  though 
this  has  not  been  so  distinctly  observed.  Most  impure  sub- 
stances transmit  a  ruddy  gleam,  vapour  of  water  does  so  when- 
ever it  is  not  colourless^,  and  every  practical  optician  knows, 
that  in  a  great  majority  of  media  the  violet  end  of  the  spec- 
trum is  first  absorbed. 

[To  be  continued.] 


XV.  Notices  respecting  New  Books. 
On  the  T%eory  of  the  Moon,  and  on  the  Perturbations  of  the  Planets. 
Part  IV.  [With  a  "  Note  on  the  Calculation  of  the  Distance  of  a 
Comet  from  the  Earth."]  By  J.  W.  Lubbock,  Esq.,  Treas.  R.S., 
Vice-Chancellor  of  the  University  of  London,  &c.  &c.  Lond.  1 840. 
8vo.  Pp.  xiv.,  355-417,  and  1-6. 

IN  the  former  parts  of  this  work  (the  first  of  which  was  noticed 
in  our  fourth  volume,  p.  218)  the  author  endeavoured  to  explain 


*  Edinburgh  Transactions,  vol.  xiv.  p.  371. 
Phil.  Mag.  S.  S.  Vol.  19.  No.  121.  July  1841. 
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methods  of  determining  the  inequalities  of  the  moon,  and  the  peri- 
odical inequalities  of  the  planets,  which  appear  to  him  preferable  to 
any  which  have  yet  been  proposed.  He  observes,  in  the  PrefiEu^e  to 
the  part  now  before  us,  that  the  expressions  for  the  variations  of  the 
elliptic  constants  discovered  by  Lagrange,  were  not  recommended 
by  that  illustrious  mathematician  to  be  employed  for  this  determina- 
lion,  although  Poisson  afterwards  advised  that  they  should  be  used ; 
but  if  his  v^uable  life  had  been  spared,  the  author  observes,  "  it  is 
possible  that  his  ojmiions  upon  this  point  would  have  been  modified/' 
Mr.  (now  Sir  Jolm  W.)  Lubbock  then  proceeds  to  quote  a  letter 
addressed  to  him  by  M.  de  Pontlcoulant,  in  which  die  methods  of 
solving  the  difficult  problem  of  the  theory  of  the  moon  eaccemirtlj 
employed  by  Clairaut,  d'Alembert,  Laplace,  Domoiseau  and  Plana 
are  summarily  discussed ;  the  remarks  of  M.  de  Pontdcoulant  being 
introduced  by  the  observation,  "  it  will  be  seen  that  they  coincide 
with  the  opinions  I  have  expressed  in  various  places  during  the 
course  of  this  work  respeclang  the  manner  in  which  the  perturbatiicms 
of  the  moon  can  be  computed  with  the  greatest  facility." 

"  The  introduction  of  auxiliary  variables,"  it  is  next  remarked, 
"  offers  a  wide  scope  to  the  imagination.  Recently,  M.  Hansen  has 
proposed  to  arrive  at  the  expression  for  the  longitude  by  altering 
the  time  in  the  elliptic  value.  It  is  evident  that  a  celestial  body 
will  have,  at  any  instant,  the  same  longitude  which  it  has  at  some 
previous  or  subsequent  instant  in  the  dliptic  movement ;  and  if  this 
difference  of  time  be  calculated,  the  longitude  can  be  obtained  from 
the  elliptic  expression  by  substituting  ror  the  true  time  some  other 
quantity.  The  radius  vector  cannot  be  calculated  from  the  elliptie 
expression  by  the  same  alteration  of  the  time ;  but  M.  Hansen  sives 
an  expression,  by  means  of  which  subsidiary  terms  may  be  obtamed, 
which,  added  to  the  radius  vector  calculated  from  the  elliptic  ex- 
pression, may  give  its  proper  value." 

M.  Hansen's  method  being  applicable  to  all  mechanical  problems, 
the  au^or  proceeds  to  illustrate  it  by  a  simple  case,  supposing 

and  considering  a  a^  as  the  disturbing  function,  and  neglected,  at  fint, 

of  which  the  solution  is 

X  =  a  sin  (^  +  b), 

a  and  b  being  constants.     If  22  =  .-^^ ,  a  jr  =     ■— . 

2  d  jp 

When  the  disturbing  function  is  retained  a  further  approxima- 
tion may  be  obtained  by  one  of  the  three  following  mediods,  ex- 
emplified by  the  author  : — 

1.  By  substituting  the  value  of  x,  a  sin  (^  +  h)  in  a«,  and  pro- 
ceeding by  the  method  of  indeterminate  coefficients. 
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Or,  2.  By  finding  values  of  a  and  b  considered  as  variable,  which, 
substituted  in  the  expression 

X  s=:  a  sin  (/  +  h), 
win  satisfy  the  di£Ferential  equation. 

Or,  3.  By  finding  a  quantity  z,  such  that 
X  =  a  sin  (/  4-  2r  +  6), 
so  that  X  is  the  same  function  of  f  +  z  in  the  disturbed,  as  of  /  in 
the  undisturbed  motion.     The  two  latter  of  these  methods  are  more 
fully  developed. 

Thiscase,  illustrative  of  M .  Hansen's  method,  is  investigated  at  large ; 
and  the  author,  stating  that  in  the  more  complicated  question  of  the 
determination  of  the  longitude  of  the  planets  and  their  sateUites, 
the  reasoning  is  precisely  similar,  proceeds  to  exemplify  its  applica- 
tion to  that  prohlem,  in  accordance  with  the  expressions  previously 
obtained  by  Laplace  and  Pont6coulant. 

The  increased  labour,  trouble,  and  difficulty  of  the  method  pro- 
posed by  M.  Hansen,  are  then  pointed  out,  and  the  special  discus- 
sion of  that  method  is  closed  by  the  following  observations :  — 

"  It  is  impossible  to  estimate  the  policy  of  adopting  M.  Hansen's 
methods  sufficiently  without  considering  at  the  same  time  the  ac- 
tual state  of  the  lunar  theory.  M.  Plana,  after  much  labour,  ex- 
hibited results  obtained  with  no  less  skill  than  honesty  of  purpose, 
and  containing  few  numerical  mistakes.  His  results  have  been  ex- 
amined by  me,  and  more  extensively  by  M.  de  Pontecoulant ;  and 
as  we  pursued  an  independent  process,  it  is  probable  that  few  if  any 
errors  remain  undetected  in  M.  Plana's  expressions  for  the  longitude 
and  latitude  of  the  moon.  If  M.  Hansen  contemplates  the  exhibi- 
tion of  the  value  of  2;  to  the  same  degree  of  approximation,  and  not 
developed  according  to  powers  of  m,  such  an  expression  will  be  in- 
capable of  verification,  and  useless.  If  the  value  of  z  be  developed 
according  to  powers  of  m,  no  opinion  will  be  possible  of  its  accuracy 
until  it  has  been  verified  independently  by  other  mathematicians, 
for  only  the  terms  which  are  independent  of  the  eccentricities  will 
be  found  in  M.  Plana's  expression  for  the  longitude." 

So  far  as  these  observations  relate  to  the  great  work  of  Plana  on 
the  lunar  theory,  they  may,  we  think,  be  instructively  placed  in  ap- 
position, by  the  student  of  analysis  and  of  physical  astronomy,  with 
the  character  of  M.  Plana's  labours  given  by  Sir  John  F.  W.  Her- 
Bchel,  in  his  address  to  the  Royal  Astronomical  Society  on  the  sub- 
ject of  the  award  of  the  medal  to  die  Italian  astronomer  and  analyst, 
which  has  already  been  transferred  to  our  pages.  (Phil.  Mag.  Third 
Series,  vol.  xviii.  p.  153.) 

The  most  advantageous  method  of  calculating  the  perturbations 
of  the  small  planets,  is  stated  by  Sir  John  Lubbock  to  be  that  de- 
scribed by  M.  de  Pontecoulant  (TMor,  Anal,,  vol.  iii.  p.  505),  which 
he  briefly  recapitulates,  and  next  proceeds  to  compare  with  the 
method  of  M.  Hansen,  pointing  out  the  far  greater  facility  of  the 
operations  required  in  the  former ;  and  terminating  at  once  the  con- 
sideration of  the  subject  and  the  Preface  to  the  work,  with  the  sub- 
joined reflections : — 

G2 
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"  If  the  form  of  the  present  planetary  tables  be  abandoned  which 
give  the  longitude,  and  tables  be  formed  which  give  the  value  of  z, 
most  of  the  numerical  calculations  contained  in  the  third  volume  of 
the  M^c,  Cil,  will  be  thrown  away.  It  would  be  better  to  subject 
those  figures,  and  particularly  the  quantities  h,  to  a  careful  exami- 
nation. 

"  Public  institutions,  established  with  the  view  of  contributing  to 
the  progress  of  astronomy,  would  confer  more  essential  services  to 
science  if  their  strength  were  devoted  to  purposes  of  this  kind 
rather  than  to  the  inconsiderate  multiplication  of  unreduced  or  not 
wanted  observations.  The  determination  of  the  perturbations  of 
the  small  planets  is  a  matter  of  urgency.  Moreover,  the  perturba- 
tions of  the  comet  which  bears  the  name  of  Encke,  are  of  too  great 
cosmological  importance  to  be  properly  entrusted  to  any  single 
hand,  however  skilful  and  conscientious,  or  indeed  even  to  a  single 
method.  But  such  troublesome  computations,  to  be  conducted  with 
a  fair  chance  of  success,  must  be  undertaken  with  the  requisite  ap- 
pliances, and  seem  therefore  properly  to  fall  under  the  superintend- 
ence of  those  astronomers  who  are  placed  in  public  situations. 
Mutual  cooperation  upon  a  uniform  system  woidd  produce  more 
important  results  than  any  incoherent  computations  founded  upon 
fantastical  expressions." 

The  applicability  of  the  views  suggested  in  the  preceding  para- 
graph to  the  future  proceedings  of  the  British  Association,  the 
Royal  Astronomical  Society,  and  other  scientific  bodies  concerned 
in  the  reduction  of  astronomical  observations  and  the  formation  of 
new  astronomical  tables,  will  immediately  be  perceived. 

The  contents  of  the  work  itself  (in  this  fourth  part),  are  distri- 
buted in  the  following  order : — 

Calculation  of  the  first  term  in  the  longitude,  appertaining  to  the 
arguments  0,  1,2,  3,  4,  5,  6  and  7,  in  illustration  of  M.  Hansen's 
equations. — Calculation  of  terms  depending  upon  the  second  approxi- 
mation, in  further  illustration  of  M.  Hansen's  equations. — Circula- 
tion of  the  first  term  in  the  reciprocal  of  the  radius  vector  and  of 
the  longitude  of  the  moon,  by  means  of  the  variation  of  the  elliptic 
constants. — On  the  variation  of  the  arbitrary  constants  in  mechanical 
problems. — On  the  variation  of  the  semi-axis  major  of  the  moon's 
orbit. — On  the  divergence  of  the  numerical  coefiicients  of  certain 
inequalities  of  longitude  in  the  lunar  theory. 

In  the  calculation  of  the  first  term  in  the  longitude,  appertaining 
to  the  arguments  0,  1,  2,  3,  4,  5,  6  and  7,  in  illustration  of  M. 
Hansen's  equations.  Sir  John  Lubbock  adopts  an  equation  and  ex- 
pressions given  by  M.  Encke,  in  his  paper  entitled  "  Uber  die  vom 
Director  Hansen  eingefuhrte  Form  die  Stdrungen  in  unsermSonnen-system 
vollstandig  zu  entwickeln"  He  then  shows  in  what  manner  the  same 
terms  may  be  calculated  by  his  own  methods. 

The  terms  depending  upon  the  second  approximation  are  next 
calculated,  in  further  illustration  of  M.  Hansen's  equations ;  and 
then  the  first  terms  in  the  reciprocal  of  the  radius  vector  and  of  the 
longitude  of  the  moon,  by  means  of  the  variation  of  the  elliptic  con- 
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stants.  In  treating  of  the  latter  subject,  the  author  shows,  by  an  ele- 
mentary example,  the  kind  of  operations  which  would  be  required  in 
order  to  determine  the  periodical  inequalities  cf  the  moon  or  planets 
by  means  of  the  variation  of  the  elliptic  constants,  as  proposed  by 
Poisson ;  exemplifies  a  modification  of  that  method  arising  from  the 
introduction  of  a  certain  constant  quantity ;  and  concludes  the  sec- 
tion by  comparing  with  its  previous  contents  the  calculation  of  the 
same  terms  according  to  his  own  methods. 

The  next  subject  is  the  variation  of  the  arbitrary  constants  in 
mechanical  problems,  commencing  with  a  view  of  the  theory  of  that 
variation,  substantially  identical  with  the  author's  paper  on  the 
same  subject  inserted  in  our  eleventh  volume ;  and  followed  by  the 
extension  of  the  methods  employed  in  that  paper  to  a  more  general 
case,  as  given  in  our  twelfth  volume. 

This  is  followed,  under  the  head  "  On  the  Variation  of  the  Semi- 
axis  Major  of  the  Moon's  Orbit"  by  the  author's  demonstration  of 
the  theorem  that  the  expression  for  that  Variation  contains  no  argu- 
ment of  long  period,  accompanied  by  a  multiple  of  m  less  than  m^. 
As  this  had  previously  appeared  at  length  in  our  pages  (Third 
Series,  vol.  xvii.  p.  338),  we  need  not  notice  it  further  at  present. 

The  concluding  section,  on  the  divergence  of  the  numerical  co- 
efficients of  certain  inequalities  of  longitude  in  the  lunar  theory,  is 
thus  introduced: — 

"The  divergence  of  the  numerical  coefficients  in  the  lunar  theory, 
made  manifest  by  M.  Plana's  development  of  the  expressions  ac« 
cording  to  the  powers  of  m,  presents  a  difficulty  in  a  complete  nu- 
merical solution  of  the  problem,  that  is,  a  solution  intended  to  em- 
brace all  quantities  which  are  sensible  in  practically  ascertaining 
the  moon's  place  with  the  accuracy  required  for  comparison  with 
the  best  observations.  But  the  following  questions  naturally  occur : 
Is  there  any  method  of  approximation  which  will  serve  to  select  the 
more  considerable  terms,  rejecting  others  ?  Is  the  divergence  due 
chiefiy  to  the  development  and  expansion,  according  to  powers  of 
m,  of  the  divisors  introduced  by  integration  }  In  the  latter  case  the 
difficulty  might  be  easily  avoided;  but  each  of  these  questions 
must  be  answered  in  the  negative." 

In  order  to  illustrate  this  point,  the  author  has  selected  indifier- 
ently  two  terms  in  the  longitude  amongst  those  in  which  this  di- 
vergence is  met  with,  and  he  examines  their  construction  without 
introducing  details  which  do  not  bear  immediately  upon  the  point 
referred  to. 

After  this  examination  he  concludes  the  section,  and  with  it  the 
fourth  part  of  his  work  On  the  Theory  of  the  Moon,  with  the  an- 
nexed observations : — 

"  These  are  the  most  considerable,  but  it  would  evidently  be  im- 
possible  to  employ  with  safety  any  rule  of  approximation  which  did 
not  embrace  other  terms.  In  this  and  in  other  cases  in  the  lunar 
theory  it  will  be  found  that  coefficients,  when  formed  correctly, 
are  made  up  by  the  addition  of  numerous  small  terms,  which  come 
firom  various  sources :  hence  the  danger  of  attending  only  to  the 
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leading  or  principal  terms  which  may  occur  upon  an  incomplete 
examination:  hence  also  the  extreme  practical  difficulty  of  the 
problem  in  whatever  manner  it  be  approached. 

**  In  the  method  which  M.  Plana  has  adopted*  first,  the  mean  lon- 
gitude of  the  moon  is  obtained  in  terms  of  the  true  longitude,  and 
the  true  longitude  is  afterwards  found  in  terms  of  the  mean  lon^- 
tude  by  reversion.  But  the  divergence  of  the  numerical  ooefficienta 
exists  equally  in  the  former  expression,  and  does  not  arise  in  th» 
operation  of  reversion." 

A  note  is  appended  "  On  the  Calculation  of  the  Distance  of  a  Comet 
from  the  Earth,"  Sir  J.  Lubbock  having  in  his  former  Treatise  on 
that  subject  (noticed  in  our  fourth  volume,  p.  219)  considered  the 
position  of  the  comet  and  of  the  sun  to  be  defined  by  longitude  and 
latitude,  deduces,  in  this  note,  from  the  equations  given  in  that  trea- 
tise, those  which  must  be  employed  if  the  positions  of  the  comet 
and  sun  are  defined  by  right  ascension  and  declination ;  after  which 
he  successively  examines  the  equations  of  Legendre  and  lAgrange 
(showing  the  former  to  be  preferable),  notices  the  equation  recom- 
mended by  Mr.  Airy,  and  the  solution  of  Laplace ;  and  coacludes 
as  follows :  — 

"  If  observations  of  right  ascension  and  declination  be  employed, 
the  trouble  of  calculating  the  observed  longitudes  and  latitudea  is 
avoided,  but  additional  terms  are  introduced  explicitly  into  the  final 
equations  from  which  the  distance  of  the  comet  is  sought,  and 
which  may  be  considered  as  identical,  whichever  data  are  em- 
ployed." 

An  Essay  on  Single  Vision.  By  Dr.  Woodhousb,  FeUow  of  Caius 
College,  Cambridge.     Weale,  69,  High  Holbom,  1841. 

This  subject  belongs  to  a  class  of  questions  intermediate  be- 
tween Natural  Philosophy  and  Pathology,  the  research  of  which 
as  a  branch  of  science  has  been  recommended  by  Bacon  in  his 
Novum  Organum. 

Suggestions  on  this  particular  question  have  been  made  by  New- 
ton, Harris,  Wood,  Herschel  and  other  optical  writers,  but  which 
cannot  be  considered  as  completely  accounting  for  the  phisno- 
menon. 

The  author  considers  "  that  the  parts  immediately  acted  upon  by 
any  exciting  power,  do  perceive."  This  position  admits  of  dispute ; 
it  is  well  known  that  during  the  Taliacotian  process,  an  injury  in- 
flicted on  the  new-made  nose  is  felt  on  that  part  of  the  forehead 
from  whence  the  skin  had  been  removed  (see  Johnstone  on  Sensa- 
tion). We  have  only  room  to  notice  two,  out  of  many  ingenious 
experiments  by  the  author.  Let  C  be  an  object  looked  at,  and 
P  one  interposed.  Two  images  of  P  will  appear.  If  P  be  moved 
towards  C,  those  images  will  mutually,  and  equally  approach  towards 
coalescing. 

Exp.  2.  Let  a  candle  be  placed  a  few  feet  from  the  observer,  and 
let  liim  look  at  a  pencil  between  the  candle  and  his  eyes ;  two 
images  of  the  candle  will  appear :  but,  contrary  to  the  first  experi- 
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ment,  when  the  pencil  is  mored,  one  of  the  imag^  remains  stap 
tionary,  the  other  proceeding  alone  to  coalesce  with  it. 

From  similar  experiments,  and  some  physiological  considerations, 
the  Doctor  infers  that  one  eye  may  he  regarded  as  a  master  eye 
wholly  occupied  with  vision,  the  other  heing  nearly  or  wholly  pas- 
sive.   This  tract  will  repay  perusal. 

The  author  concludes  it  with  the  following  problem,  which  had 
been  treated  already  by  WoUaston,  viz.  "  When  a  picture  looks  at 
you  in  one  part  of  a  room  it  will  look  at  you  in  another."  The 
author's  solution  seems  simple  and  satisfactory. 


XVI.    Proceedings  of  Learned  Societies* 

LONDON  ELECTRIOAL  SOCIETY. 

June  15th. — ^A  Letter  was  read  from  Martyn  Roberts,  Esq.,  Mem. 
£lec.  Soc,  describing  '*  Some  Experiments  which  show  that  Radia- 
tion, a  property  of  Heat,  is  not  a  property  of  Electricity."  The  ex- 
periments were  those  in  which  aBennet's  electrometer  is  exposed  to 
the  influence  of  a  charged  conductor,  and  the  leaves,  which  by  mduc- 
tion  had  diverged,  collapse  the  instant  the  charge  is  removed  from 
the  conductor.  This  would  not  be  the  case  if  electricity  radiated  as 
heat  does :  it  would  then  pass  through  the  lntei«tioes  of  the  air  and 
produce  a  permanent  effect  upon  the  instrument.  The  author  in 
conclusion  said,  that  "  the  establishment  of  fBitU  such  as  these  would 
throw  much  light  upon  the  nature  of  electricity ;  and  its  dissimilarity 
from,  or  the  analogy  it  bears  to  heat,  will  be  one  great  means  of 
penetrating  more  deeply  into  these  mysterious  agencies." 

A  transition  was  read  of  a  paper  entitled  "  On  the  Remarks  of  M. 
Becquerel  relative  to  the  comparative  measure  of  the  action  of  two 
voltaic  pairs,  one  Copper  and  Zinc,  the  other  Platinum  and  Zinc, 
by  M.  Jacobi."  M.  Becquerel  had  attributed  the  superior  power  of 
the  nitric  acid  battery  to  the  reaction  between  the  nitric  acid  and 
the  acidulated  water.  M.  Jacobi  considers  this  reaction  by  no  means 
sufficient  to  produce  the  astonishuig  results  obtained  from  a  Grove's 
battery ;  and  he  alludes  to  some  experiments  by  which  M.  Fechner 
had  proved  that  of  the  whole  power  obtained  from  a  battery,  whose 
two  exciting  liquids  were  nitric  acid  and  alkali,  only  ^th  part  was 
due  to  this  species  of  reaction  ;  and  hence  M.  Jacobi  inferred  that 
when  acidulated  water  was  substituted  for  alkali,  the  amount  due  to 
this  reaction  would  be  in  proportion  still  less.  The  author  here  gave 
a  series  of  propositions  deduced  from  our  present  knowledge  of  vol- 
taic phaenomena ;  and  concluded  with  some  frirther  experiments  in 
illustration  of  the  actual  superiority  possessed  by  the  platinum  over 
the  copper  battery. 

We  must  refer  our  readers  to  the  Proceedings  of  tiie  Society  for 
the  other  papers  which  were  read :  viz.-^- 

"  Descriptive  Memoir  of  an  Atmospheric  Electrical  Apparatus,  and 
its  appendages,  comprehending  an  insulated  line  of  wire,  extending 
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about  three  hundred  and  sixty-five  yards  horizontally  over  the  town 
of  Sandwich,"  by  W.  H.  Weekes,  Esq. 

A  Letter  addressed  to  J.  P.  Gassiot,  Esq.  from  H.  CoUer,  Esq., 
describing  some  experiments,  not  altogether  unsuccessful,  in  copying 
a  Daguerreotype  Plate  by  electrotype. 

The  date  of  the  experiments  was  March  1840.  The  Plates  obtained 
were  on  the  table. 

"  A  Register  of  the  electric  state  of  the  Atmosphere  in  relation  to 
its  Meteorological  Phaenomena,  for  the  month  of  May  1841,  from 
observations  made  with  the  insular  apparatus  already  described/.'  by 
W.  H.  Weekes,  Esq. 

This  register,  which  will  be  supplied  regularly,  will  be  of  great 
value  on  account  of  the  mode  of  obtaining  the  data  it  contains. 

llie  reading  of  a  communication  from  Andrew  Crosse,  Esq.,  Mem. 
Elec.  Soc,  and  another  from  Thomas  Pine,  Esq.,  was  ddfeired  to  tiie 
next  meeting.  —i... 

LONDON   INSTITUTION. 

At  a  meeting  of  the  Managers  of  the  London  Institution,  on 
Friday,  June  4th,  Sir  Thomas  Baring  in  the  Chair,  Professor  Grove 
showed  the  electric  spark  as  produced  by  the  condensation  of  effluent 
8team,the  original  experiments  on  which  subject  have  already  appealed 
in  our  journal.  At  one  extremity  of  a  brass  insulated  conductor  was 
suspended  a  copper  plate  of  about  7  inches  diameter :  the  jet  of  steam 
issuing  from  a  tube  connected  with  the  boiler  of  a^model  low-press- 
ure steam-engine,  impinged  upon  this  plate,  and  several  sparks  of  a 
quarter  of  an  inch  in  length,  were  drawn  from  the  conductor.  The 
electricity  of  the  conductor  was  sl^wn  to  be  positive.  A  Leyden 
phial  was  charged,  &c.  We  understand  that  it  is  the  intention  of 
Professor  Grrove  to  repeat  in  the  theatre  of  the  Institution  any  novel 
scientific  experiments  which  may  be  capable  of  popular  illustration. 

XVIL  Intelligence  and  Miscellaneous  AHicles. 

TWO  LETTERS  ON  CALOTYPE  PHOTOGENIC  DRAWING,  FROM 
H.  F.  TALBOT,  ESQ.,  F.R.S.,  TO  THE  EDITOR  OF  THE  LITE- 
RARY GAZETTE. 

Dear  Sir, — T  T  is  now  two  years  since  I  first  published  a  brief  ac- 
J-  count  of  Photogenic  Drawing.  During  this  interval 
I  have  taken  much  pains,  and  nmde  many  experiments,  with  the  hope 
of  rendering  the  art  more  perfect  and  useful.  In  this  way  I  have 
obtained  a  good  many  improvements,  with  the  mention  of  which  I 
shall  not  detain  you  at  present. 

I  shall  confine  myself  in  this  letter  to  a  single  subject,  viz.  the  dis- 
covery which  I  made  last  September  of  a  chemical  process  by  which 
paper  may  be  made  far  more  sensitive  to  light  than  by  any  means 
hitherto  known.  It  is  not  easy  to  estimate  exactly  how  ixr  this  in- 
crease of  sensibility  extends ;  but  certainly  a  much  better  picture  can 
now  be  obtained  in  a  minute  than  by  the  former  process  in  an  hwr. 
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This  increased  rapidity  is  accompanied  with  an  increased  diaip* 
ness  and  distinctness  in  the  outlines  of  the  objects — an  effect  which 
is  very  advantageous  and  pleasing,  and  at  the  same  time  rather  dif- 
ficult to  account  for. 

The  shortest  time  in  which  I  have  yet  succeeded  in  impressing  an 
image  in  the  camera  obscura  has  been  eight  seconds ;  but  I  do  not 
mean  to  assign  this  as  the  precise  limit,  for  it  can  only  be  ascertained 
by  more  careful  and  multiplied  experiments. 

The  production  of  the  image  is  accompanied  with  some  very  ex- 
traordinary circumstances,  to  which  I  will  advert  in  a  subsequent 
letter,  lliese  phsenomeua  are  extremely  curious ;  and  I  have  not 
found  in  chemical  writers  any  mention  of  anything  similar. 

The  image,  when  obtained,  must  of  course  be  fixed,  otherwise 
the  process  would  remain  imperfect.  It  might  be  supposed,  d priori, 
that  this  fixation  would  be  very  difficult,  the  paper  being  so  sensitive. 
But  it  fortunately  happens  that,  in  this  instance,  what  seems  a  rea- 
sonable inference  is  not  borne  out  by  fact,  that  new  photographs 
are  more  easily  and  perfectly  fixed  than  was  the  case  witti  the 
former  ones.  When  fixed,  a  great  many  copies  may  be  made  from 
them  ;  and  thus  the  original  view  can  be  multiplied  with  fecOity. 

I  think  that  the  art  has  now  reached  a  point  which  is  likely  to 
make  it  extensively  useful.  How  many  travellers  are  almost  ignorant 
of  drawing,  and  either  attempt  nothing,  or  bring  home  rude  unin 
telligible  sketches !  They  may  now  fill  their  portfolios  with  ac- 
curate views,  without  much  expenditure  of  time  or  trouble;  and 
even  the  accomplished  artist  will  call  in  sometimes  this  auxiliary  aid, 
when  pressed  for  time  in  sketching  a  building  or  a  landscape,  or 
when  wearied  with  the  multiplicity  of  its  minute  details. 

One  of  the  most  important  applications  of  the  new  process,  and 
most  likely  to  prove  generally  interesting,  is,  undoubtedly,  the  taking 
of  portraits.  I  made  trial  of  it  last  October,  and  found  that  the  ex- 
periment readily  succeeded.  Half  a  minute  appeared  to  be  sufficient  in 
sunshine,  and  four  or  five  minutes  when  a  person  was  seated  in  the 
shade,  but  in  the  open  air.  After  a  few  portraits  had  been  made, 
enough  to  show  that  it  could  be  done  without  difficulty,  the  experi- 
ments were  adjourned  to  a  more  favourable  season. 

Several  photographic  processes  being  now  known,  which  are  ma- 
terially different  from  each  other,  I  consider  it  to  be  absolutely  ne- 
cessary to  distinguish  them  by  different  names,  in  the  same  way  that 
we  distinguish  different  styles  of  painting  or  engraving.  Photo- 
graphs executed  on  a  silver  plate  have  received,  and  wiU  no  doubt 
retain,  the  name  of  Daguerr^tjrpe.  The  new  kind  .of  photographs, 
which  are  the  subject  of  this  letter,  I  propose  to  distinguish  by  the 
name  of  Calotype ;  a  term  which,  I  hope,  when  they  become  known, 
will  not  be  found  to  have  been  misapplied. 

I  remember  it  was  said  by  many  persons,  at  the  time  when  pho- 
togenic drawing  was  first  spoken  of,  that  it  was  likely  to  prove  in- 
jurious to  art,  as  substituting  mere  mechanical  labour  in  Ueu  of  ta- 
lent and  experience*  Now,  so  fai  from  this  being  the  case,  I  find 
that  in  this,  as  in  most  other  things,  there  is  ample  room  for  the  ex- 
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ercise  of  skill  and  jadgement.  It  would  hardly  be  believed  bow  dif- 
ferent an  effect  is  produced  by  a  longer  or  shorter  exposure  to  the 
light,  and,  also,  by  mere  variations  in  the  fixing  process,  by  means 
of  which  almost  any  tint,  cold  or  warm,  may  be  thrown  over  the 
picture,  and  the  effect  of  bright  or  gloomy  weather  may  be  imitated 
at  pleasure.  All  this  falls  within  the  artist's  province  to  com- 
bine and  to  regulate  ;  and  if,  in  the  course  of  these  manipulatioiftB, 
he,  nolens  volens,  becomes  a  chemist  and  an  optician,  I  feel  confident 
that  such  an  alliance  of  science  with  art  will  prove  conducive  to  the 
improvement  of  both. 

I  remain,  yours,  &c. 
31,  SackvUle  Street,  Feb.  6, 1841.  H.  F.  Tai.bot. 

Dbar  Sib,-— I  will  now  proceed  to  ^ve  you  some  further  details,  for 
which  I  had  not  room  in  my  last  letter,  respecting  the  phaenomena 
which  occur  during  the  very  singular  photographic  process  to  which 
I  have  given  the  name  of  Calotype.  And  I  may  as  well  begin  by 
relating  to  you  the  way  in  which  I  discovered  the  process  itself.  One 
day,  last  September,  I  had  been  trying  pieces  of  sensitive  paper,  pre- 
pared in  different  ways,  in  the  camera  obscura,  allowing  them  to 
remain  there  only  a  very  short  time,  with  the  view  of  finding  out 
which  was  the  most  sensitive.  One  of  these  papers  was  taken  oat 
and  examined  by  candlelight.  There  was  little  or  nothing  to  be 
seen  upon  it,  and  I  left  it  lying  on  a  table  in  a  dark  room.  Return- 
ing some  time  after,  I  took  up  the  paper,  and  was  very  much  sur- 
prised to  see  upon  it  a  distinct  picture.  I  was  certain  there  was 
nothing  of  the  kmd  when  I  had  looked  at  it  before ;  and,  therefore 
(magic  apart),  the  only  conclusion  that  could  be  drawn  was,  that 
the  picture  had  imexpectedly  developed  itself  by  a  spontaneous  ac- 
tion. 

Fortunately,  I  recollected  the  particular  way  in  which  this  sheet 
of  paper  had  been  prepared,  and  was,  therefore,  enabled  immediately 
to  repeat  the  experiment.  The  paper,  as  before,  when  taken  out  of 
the  camera,  presented  hardly  anything  visible ;  but  this  time,  in- 
stead of  leaving  it,  I  continued,  to  observe  it  by  candlelight,  and  had 
soon  the  satis^ction  of  seeing  a  picture  begin  to  appear,  and  all  the 
details  of  it  come  out  one  after  the  other. 

In  this  experiment,  the  paper  was  used  in  a  moist  atate ;  but  since 
it  is  much  more  convenient  to  use  dry  paper  if  possible,  I  tried  it 
shortly  afterwards  in  a  dry  state,  and  the  result  was  still  more  ex- 
traordinary. The  dry  paper  appeared  to  be  much  less  sensitive  than 
the  moist ;  for  when  taken  out  of  the  camera  after  a  short  time,  as 
a  minute  or  two,  the  sheet  of  paper  was  absolutely  blank. 

But,  nevertheless,  I  found  that  the  picture  existed  there,  aUhomgh 
invisible ;  and  by  a  chemical  process  analogous  to  the  foregoing,  it 
was  made  to  appear  in  all  its  perfection. 

After  several  further  experiments,  which  were  requisite  in  order  to 
come  to  a  right  understanding  of  this  unexampled  natural  process, 
I  found  it  expedient  to  abandon  the  former  method  of  taking  views 
with  the  camera,  in  favour  of  the  new  one,  so  far  eaccelling  it  in  xa- 
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pidity  and  power.  The  result  of  my  experience  hitherto  with  this 
calotype  paper  is,  that  if  properly  prepared,  it  will  keep  three  or  four 
months,  ready  for  use  at  any  moment,  and  moreover  it  is  used  in  a 
dry  state,  which  is  a  great  convenience. 

The  time  of  exposure  to  light  in  the  camera  may  be  varied,  ac- 
cording to  circumstances,  from  a  quarter  of  a  minute  upwards ;  and 
the  paper,  when  taken  out  of  the  instrument,  appears  quite  blank, 
aa  I  said  before,  but  it  is  impressed  with  an  invisible  image.  It 
may  be  kept  in  this  invisible  state  for  a  month  or  so,  if  desired,  and 
brought  out,  or  rendered  visible,  when  wished  for.  But,  generally, 
this  is  done  shortly  after,  or  at  least  on  the  same  day,  for  fear  of  ac- 
cidents (such  as  a  casual  gleam  of  daylight,  which  would  at  once 
annihilate  the  whole  performance).  Whenever  it  is  desired  to  ren- 
der the  picture  visible,  this  is  done  in  a  very  short  time,  as  from  a 
minute  to  five  or  ten  minutes,  the  strongest  impressions  coming  out 
the  easiest  and  quickest.  Very  faint  impressions  (as  those  obtained 
when  the  paper  has  been  only  a  few  seconds  in  the  camera,  or  the  ob- 
jects have  not  been  luminous  enough)  take  a  longer  time  in  coming  out; 
but  they  should  not  be  despaired  of  too  soon,  as  many  of  them  ex- 
hibit difficulty  at  first,  as  if  reluctant  to  appear,  but  nevertheless  end 
by  coming  out  very  well.  The  operator  of  course  remains  in  a  dark- 
ened room,  lit  by  candles  only. 

I  know  few  things  in  the  range  of  science  more  surprising  than 
the  gradual  appearance  of  the  picture  on  the  blank  sheet,  especially 
the  mt  time  the  experiment  is  witnessed.  The  operator  ought  to 
watch  the  progress  of  the  picture,  until,  in  its  strength  of  colour, 
sharpness  of  outline,  and  general  distinctness,  it  has  reached  in  his 
judgement  the  most  perfect  state.  At  that  moment  he  stops  further 
progress  by  washing  it  over  with  a  fixing  liquid.  This  is  washed  off 
with  water,  the  picture  is  then  dried,  and  the  process  is  terminated. 

The  picture  is  found  to  be  very  strongly  fixed,  and  from  it  nu- 
merous copies  may  be  taken  on  common  photogenic  drawing  paper, 
by  the  method  of  superposition  in  sunshine.  The  original  picture 
does  not  readily  become  altered,  or  wear  out  by  this  exposure  to  the 
sun ;  but  in  case  it  does  so,  as  happens  sometimes,  I  find  that  it  may 
be  in  general  readily  revived.  Ilus  revival,  which  is  a  most  curious 
particularity  of  the  (»lotype  process,  not  only  restores  the  picture  to  its 
pristine  strength,  but  frequently  causes  fresh  details  and  minutifle  to 
appear  in  the  picture,  which  had  not  appeared  before,  at  the  time 
when  it  was  first  brought  out,  or  rendered  visible  (owing  to  that  pro- 
cess having  been  checked  too  soon).  These  details,  therefore,  had 
been  lying  in  an  invisible  state  on  the  paper  all  this  time,  not  de» 
strayed  (which  is  the  most  extraordinary  thing)  by  so  much  expo- 
sure to  sunshine.  They  were  protected  by  the  fixing  liquid.  But 
no  one  could  have  supposed  beforehand,  or  without  ocular  demon- 
stration, that  it  could  have  exerted  so  complete  a  protecting  power. 
This  is  an  invaluable  property  of  the  calotype — ^the  power  of  reviving 
tiie  pictures — not  only  because  it  allows  so  many  copies  to  be  made, 
but  because  it  enables  the  artist  to  correct  the  error  of  his  judgement, 
in  case  he  has  made  too  fiednt  a  picture  at  first,  by  stopping  it  too 
soon  while  it  was  coming  out. 
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Some  further  details  on  this  subject,  and  an  account  of  the  che- 
mical processes  employed,  I  reserve  for  a  paper  which  I  iutend  to  lay 
before  the  Royal  Society. 

I  am,  &c.  &c. 

Lacock  Abbey,  Feb.  19, 1841,  H.  F.  Talbot. 

PROCESS  FOR  OBTAINING  THE  HYDROBROMIC  AND  HYDRIODIC 
ACIDS.      BY  DR.  R.  M.  GLOVER. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal, 
Gbntlbmbk, 

In  the  latest  Report  of  the  British  Association,  there  is  an  ac- 
count of  a  new  process  for  obtaining  hydrobromic  and  hydriodic 
acids,  said  to  be  communicated  by  me.  This  account  is  quite  incor- 
rect. I  first  observed  this  erroneous  report  in  the  Athenaeum,  whence 
it^was  copied  into  several  British  and  Foreign  journals;  but  as  I 
gave  a  correct  abstract  to  Dr.  Playfair,  one  of  the  Secretaries  to  the 
Chemical  Section,  when  he  passed  through  this  town  shortly  after  the 
meeting,  I  expected  to  see  the  error  corrected  in  the  Report  of  the 
Association. 

It  is  known  that  all  the  solid  bromides  and  iodides  are  decomposed 
by  sulphuric  acid  with  evolution  of  bromine  and  iodine ;  but  I  find 
that  although  the  solid  bromide  and  iodide  of  barium  obey  the  ge- 
neral rule,  their  solutions  are  decomposed  by  sulphuric  acid  without 
any  evolution  of  the  elements,  and  with  the  formation  of  pure  solu- 
tions of  the  hydracids.  This  difference  is  doubtless  owing  to  the 
agency  of  the  water  in  speedily  removing  the  sulphuric  acid  in  the 
form  of  the  insoluble  sulphate.  The  Report  of  the  Association  incor- 
rectly states  that  I  had  proposed  the  solid  iodide  and  bromide  of 
barium  acted  on  by  sulphuric  acid  as  convenient  sources  of  the  hy- 
dracids.    My  process  is  the  very  reverse. 

In  this  way,  in  particular,  hydrobromic  acid  can  be  conveniently 
obtained;  more  conveniently  indeed  than  the  hydriodic  add;  be- 
cause it  is  difficult  to  prepare  the  iodide  of  barium  unmixed  ^th 
the  carbonate  of  baryta  and  free  iodine,  while  the  bromide  does  not 
undergo  any  decomposition  from  the  carbonic  acid  of  the  atmosphere. 
A  saturated  solution  of  the  bromide  may  be  decomposed  by  a  solu- 
tion of  sulphuric  acid  diluted  with  an  equal  bulk  of  water,  the  di- 
luted acid  being  allowed  to  cool  before  it  is  added  to  the  saline  solu- 
tion, and  hydrobromic  acid  is  set  free  unmixed  with  bromine.  In 
this  way  the  amount  of  the  hydracid  in  any  solution  of  it  we  may 
employ  can  be  easily  known,  calculating  from  the  weight  of  the  bro- 
mide decomposed. 

Should  you  insert  this  rectification,  you  will  oblige 

Your  obedient  Servant, 
Robert  Mortimer  Glover,  M.D., 
Lecturer  on  Chemistry  in  the  Newcastle 
School  of  Medicine. 
Literary  and  Philosophical  Society  Rooms, 
Newcastle,  April  21, 1841. 
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NEW  ALUM.  BY  OR.  MOHR. 
A  variety  of  alum  has  been  for  some  time  introduced  into  Ger- 
many, which  is  recommended  as  containing  the  principles  necessary 
to  dyeing  and  calico  printing  in  a  state  of  great  concentration ;  th& 
quality  is  represented  as  rendering  its  use  more  advantageous,  and 
less  expensive  in  carriage.  This  alum  has  not  the  slightest  resem- 
blance to  common  potash  alum;  it  exists  in  flat  quadrangular  tables^ 
^B^hich  are  slightly  transparent,  and  dissolve  very  readily  in  water ; 
the  taste  of  this  salt  is  sweetish,  acid,  and  aluminous,  and  much 
more  distinctly  so  than  common  alum ;  when  heated  in  a  crucible 
it  swells,  and  eventually  becomes  a  gummy  mass,  which,  when  more 
strongly  heated,  gives  out  sulphuric  vapours.  Nevertheless  the  mass 
i^hich  has  been  heated  to  redness  is  entirely  and  readily  soluble  in 
^water.  If  pulverized  sulphate  of  potash  be  thrown  into  a  concen- 
trated solution  of  this  alum,  a  crust  of  common  alum  is  quickly 
formed.  The  usual  reagents  prove  that  it  contains  sulphuric 
acid,  alumina,  and  a  smsdl  quantity  of  potash,  but  no  ammonia. 
M.  Mohr  found  it  to  consist  of 

Sulphuric  acid 36'24 

Alumina 13-91 

Potash 1-50 

Water 4960 101-15 

This  composition  shows  that  the  alum  in  question  is,  properly 
speaking,  merely  sulphate  of  alumina  with  an  excess  of  acid,  and 
combined  with  water  of  crystallization.  The  small  quantity  of  sul- 
phate of  potash  shows  the  origin  of  this  salt,  it  being  probably  pre- 
pared with  pulverized  and  calcined  pipe-clay  and  sulphuric  acid  not 
completely  concentrated.  This  new  alum  is  entirely  free  from  iron. 
— Journal  de  Pharmacie,  t.  xxvi.  p.  633. 


ON  THE  SUPPOSED    HYDRATE    OF   PHOSPHORUS.     BY  M.  MAR- 

CHAND. 

M.  Pelouze  was  the  first  chemist  who  supposed  that  the  white 
crust  which  covers  phosphorus  that  has  been  long  kept,  is  a  hydrate 
of  this  substance :  M.  H.  Rose  regards  it  merely  as  a  modification 
of  the  state  of  aggregation :  M.  Mulder  believes  that  it  is  a  com- 
pound of  oxide  of  phosphorus  and  phosphuretted  hydrogen.  He  has 
remarked  that  the  white  sticks  of  phosphorus  become  of  a  red  co- 
lour in  aerated  distilled  water,  and  he  immediately  obtained  a  si- 
milar white  substance  by  subjecting  red  oxide  of  phosphorus  to  the 
action  of  phosphuretted  hydrogen. 

M.  Marchand  being  desirous  of  settling  the  question,  pressed  a 
quantity  of  the  white  crust,  strongly,  between  folds  of  filtering 
paper,  as  had  been  done  by  M.  Rose ;  he  then  placed  it  in  a  capsule 
over  sulphuric  acid  in  vacuo,  and  allowed  it  to  remain  so  for  several 
days.  On  the  first  day  a  feeble  light  was  perceptible  ;  but  it  soon 
disappeared :  and  when  access  of  air  was  allowed  the  mass  inflamed 
as  if  it  had  been  phosphorus  under  similar  circumstances. 

A  fresh  quantity  of  the  white  crust  was  again  dried  over  sulphuric 
acid,  but  under  a  receiver  without  a  vacuum.     M.  Marchand  placed 
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it  afterwards,  as  M.  Rose  had  done,  in  a  long  weighed  tube  of  glass, 
the  lower  end  of  which  was  closed.  He  ascertained  the  quantity,  and 
immersed  the  tube  in  hot  water.  There  was  but  little  moistore  dis- 
engaged, and  it  was  very  probably  hygrometric,  and  the  residue,  which 
was  converted  into  common  phosphorus,  was  weighed,  and  found 
scarcely  diminished. 

In  order  to  verify  the  assertions  of  M.  Mulder,  the  author  put 
white  sticks  of  phosphorus  into  aerated  water ;  he  left  them  in  it  for 
several  weeks  without  perceiving  any  alteration  of  oolour ;  he  then 
directed  upon  them  a  current  of  oxygen  gaa,  without  producing  any 
sensible  effect.  He  obtained,  as  M.  Mulder  did,  the  compound  of 
oxide  of  phosphorus  and  phosphuretted  hydrogen,  and  found  that  it 
strongly  resembled  the  white  crust ;  but  the  manner  in  which  it  was 
acted  upon  by  heat,  he  found  to  be  very  different. 

M.  Marchand  concludes,  therefore,  from  his  experiments,  that  the 
supposed  white  crust  is  merely,  as  was  first  supposed  by  M.  Rose, 
phosphorus  in  an  altered  state  of  aggregation. — Journal  de  Pkarmacie, 
tom.  xxvi.  p.  764. 


NITRO-SACCHARIC  ACID. 

M.  Boussingault  states  that  this  acid  is  obtained  by  dissolving 
sugar  of  gelatin  in  weak  nittic  acid.  It  is  to  be  slightly  heated,  and 
on  cooling  the  solution  crystallizes  ;  no  other  reaction  takes  place 
besides  the  mere  dissolving  of  the  sugar  in  the  acid.  This  acid  has 
a  very  sour  taste,  and  also  a  slightly  saccharine  one.  M.  Boussin- 
gault analysed  it  in  three  different  states :  crystallized,  dried,  and 
as  it  exists  in  salts. 

Dried  at  230°  Fahr.,  this  acid  contains. 

By  experiment.        By  calculation. 

Hydrogen 4*2  4*0        H« 

Carbon 18-1  18*2        C« 

Oxygen 565  56-3         O^^ 

Azote 21-2  21-5         N»« 


100-  100- 

Nitro-saccharic  of  silver  crystallizes  very  readily ;  this  salt  bums 
without  detonating.     Its  composition  is. 

Hydrogen    1*86 

Carbon 10-08 

Oxygen    27*63 

Azote 11-83 

Silver 48*60 100-00. 

It  is  stated  by  the  author  that  nitro-saccharic  acid  dried  at  210' 
Fahr.  loses  four  equivalents  of  water,  which  are  replaced  in  the 
nitro-saccharate  of  silver  by  four  equivalents  of  oxide  of  silver,  and 
the  analysis  of  the  nitro-saccharate  of  potash  leads  to  the  same  con- 
clusion ;  it  was  also  observed  by  M.  Boussingault,  that  it  will  ap- 
pear on  slight  examination  that  the  nitric  acid  remains  unmodified. 
The  nitro-saccharate  may  be  represented  as  resulting  from  the 
union  of  nitric  add  with  the  corresponding  saccharate,  or  as  a  com- 
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pound  of  sugar  of  gelatin  with  a  nitrate  ;  and,  in  fact,  the  nitro*8ac- 
charates  may  be  obtained  by  treating  the  saccharates  with  nitric  acid. 
The  following  are  the  formulae  of  the  various  compounds  of  sugar 
of  gelatin  which  have  been  mentioned : — 

Sugar  of  gelatin C^*  H^e  N^  O^* 

in  salts C'^  H^o  Ns  0»> 

„         „        combined  with  silver     C*  H^^  '. 
copper  C'^H^o; 
„         „  ,      ,;         „  lead       C«H3«>: 

Nitro-saccharic  acid  cry-  1    ^3,  ^^30  j^a  Qn  (^s  Q^y  (h«  O)'' 
Stall  izeQ»  ■••••■••I 

in  salts    C^*  H^o  N^  0»'  (N^  0^*  (H«  0)« 
Nitro-saccharate  of  silver  C'^  H^o  N^  0»»  (N«  0*)*(Ag  0)*  (H«  0)« 
of  potash  C3«  H3«  N8  0^>  (N*  O^)  (K  O)*  (H«  0)«. 
Journal  de  Pharmacie,  t.  xxvii.  p.  37. 


Preparing  Jbr  Publication. 
The  Geology  and  Mineralogy  of  Engineering :  including  the  Prin- 
ciples of  the  sciences  of  CEconomic  Geology  and  Mineralogy  as  ap- 
plied to  the  Arts.  By  Ebward  Wii.liah  Bbatlbt,  Fellow  of  the 
Linnsan  and  Geological  Societies,  Associate  of  the  Institution  of 
Civil  Engineers,  Corresponding  Member  of  the  Royal  Geological 
Society  of  Cornwall,  &c. 

METEOBOLOOICAL  OBSERVATIONS  FOB  HAY  1841. 

Chitwick, — Mav  !•  Fine:  very  hot:  clear.  2.  Very  fine:  cloudy.  S.  Rain. 
4.  Foggy :  cloudy  and  fine :  very  heavy  fall  of  rain  at  night.  5.  Rain:  cloudy 
and  fine  :  lightning  at  night.  6.  Rain  :  cloudy.  7.  l^ne :  rain.  8.  Heavy 
•howera.  9»  10.  Very  fine.  11.  Overcast:  ihgbt  rain  at  night  18.  Cloudy 
and  fine.    13.  Fine.     14 — 16.  Very  fine.      17.  Cloudy  and  windy.     18.  Fine. 

19.  Rain  with  strong  wind.  20.  Boisterous :  showery:  cold  at  night.  21.  Dry 
hase :  rain.  S2.  Showery  and  mild.  28.  Slieht  bate :  cloudy  and  fine.  24.  Fine. 
95.  Very  fine.  26.  Hot  and  dry.  27.  SuTtrv :  much  sheet-lightning  at  night, 
with  occasionally  some  of  the  ligiag  and  forked  kind,  together  with  thunder, 
and  abrupt  showera  fisUing  in  liu-ge  drops.  28.  Sultry  :  very  fine.  29.  Very 
fiiM  :  lightning  al  night.    80^  31 .    Overcast  and  very  fine. 

Boston. — May  1.  Fine:  therm.  €€>*  half-past  2  r.M.  2.  Cloudy:  rain  with 
thunder  and  Ughtning  p.m.  3.  Cloudy.  4.  Cloudy ;  rain  early  ▲.x.  5.  Rain. 
6.  Cloudy :  ram  early  a.m.  7.  Cloudy :  rain  r.v.  8.  Rain.  9.  Fine.  10. 
Cloudy.  11.  Fine :  therm.  72°  3  o'clock  p.m.  :  rain  p.m.  12.  Cloudy.  13.  Fine. 
14.  Cloudy.  15.  Fine :  therm.  69''  3  o'clock  p.m.  16.  Fine.  17.  Cloudy :  rain 
r.ic.  18.  Cloudy.  19.  Rain:  stormy  p.x.  20.  Stormy:  rain  a.m.  and  pjm. 
21.  Fine.  22.  Cloudy:  rain  early  a.m.  23.  Cloudy.  24^27.  Fine.  28. 
Cloudy:  therm.  79**  3  o'clock  p.m.  :  rain  p.m.  29.  Fine.  30.  Cloudy.  31. 
Flue.  N.B.  Hiis  May  month  has  been  warmer  than  any  preceding  May  month 
rfnce  1834. 

Jppkgmh  Mame^  i>uifi/rif»-iftirr.— May  1.  Fair  and  fine :  thunder.  2.  Driz- 
zUng  afternoon.  3.  Fair  :  frosty :  hail.  4.  Rain  all  day.  5.  Rain  occasionally. 
6.  Fair  and  fine.  7.  Rain  for  four  hours.  6.  Rain  p.m.  :  thunder.  9.  Fair 
till  night :  rain  p.m.  10.  Fair  but  cloudy.  1 1.  Wet  a.m.  :  cleared  up.  1 2—15. 
Fair  and  fine.      16,  17.  Wet  nearly  all  day.      18,  19.  Showers  a.m.,  then  fine. 

20.  Showers.  21.  Fair  and  fine.  22.  Wet  a.m.  :  fine  p.m.  23.  Fair  but  gloomy. 
24.  Fine  summer  day.  25»  26.  Bright  and  cool.  27.  Parching  wind  and  hot 
soil.  28.  Fine:  rained  a  little.  29.  Fair  and  fine.  3a  Soft  lain  from  elevtn 
to  four.    31.  Fine  summer  day. 
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35  Paternoster  Row,  London,  and  161  Broadway,  New  York. 

This  Journal  will  be  delivered  punctually  in  any  part  of  Great 
Britain  or  Ireland,  and  all  orders  directed  to  W.  &  P.  will  receive 
prompt  attention.  It  is  the  only  American  Journal  exclusively 
devoted  to  the  cause  of  General  Physical  Science,  and  has  now 
continued  in  an  unbroken  series  for  more  than  twenty  one  years. 
It  is  no  vanity  on  the  part  of  the  conductors  to  say,  that  its  pages 
embrace  a  larger  portion  of  original  communications  on  American 
Science  than  any  other  Journal.  The  proceedings  of  the  Amer- 
ican Philosophical  Society  are  regularly  given,  as  also  of  the  Bos- 
ton Society  of  Natural  History,  and  other  similar  American  Soci- 
eties. It  is  fully  illustrated  by  engravings,  lithographs,  and  wood 
cuts. 

The  general  character  of  the  work  may  be  inferred  from  the 
annexed  table  of  contents  of  the  last  number  for  January,  1841. 

Opinions  of  the  Work, 

The  following  extracts  from  ^private  letters  and  the  journals, 
are  made  from  among  a  very  great  number  of  favorable  notices 
of  the  work  both  at  home  and  abroad. 
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"  The  character  of  the  American  Journal  is  strictly  national, 
and  it  is  the  only  vehicle  of  communication  in  which  an  inquirer 
may  be  sure  to  find  what  is  most  interesting  in  the  wide  range  of 
topics  which  its  design  embraces.  It  has  become,  in  short,  not 
more  identified  with  the  sciences  than  the  literature  of  the  coun- 
try."— Extract  from  a  letter  to  the  senior  Editor,  from  the  auihar 
of  the  lAfe  and  Writings  of  Washington. 

One  of  the  oldest  and  most  celebrated  of  British  geologists,  in 
a  letter  to  the  Editors,  expresses  the  opinion — "that  the  American 
Journal  has  presented  in  its  pages  a  greater  amount  of  original 
matter  than  any  journal  published  in  the  English  language." 

"  The  high  estimation  in  which  we  hold  this  work,  will  be 
best  judged  by  the  copious  extracts  which  will  be  found  in  our 
present  and  earlier  numbers." — The  Mining  Review  and  Jour- 
nal of  Geology  and  Mineralogy,  conducted  by  Henry  EngUshy 
Esq.,  F,  G.  S.,  London. 

"  It  has  seldom  been  our  lot  to  meet  a  philosophical  work  so 
interesting  to  the  general  reader." — ib. 

"  This  excellent  periodical  continues  to  be  supported  not  only 
with  undiminished  vigor,  but  with  an  increasing  amount  of  ori- 
ginal and  enriching  communications  from  the  gifted  friends  of 
science  in  our  country.  It  has  now  acquired  a  veteran  constitu- 
tion, and  is  destined,  we  hope,  to  transmit  to  very  distant  ages, 
the  fruits  of  American  ingenuity,  research,  and  discovery.  It 
has  not  only  gained,  within  twenty  one  years  of  its  existence,  an 
American  and  European,  but,  as  far  as  the  English  language  has 
been  made  the  vehicle  of  knowledge,  a  cosmopolitan  reputation. 
•Its  track  of  usefulness  differs  so  materially  and  essentially  from 
that  of  our  own  periodical,  that  we  feel  no  other  rivalship  than 
those  of  good  wishes  and  the  most  friendly  desires  for  a  perma- 
nent prosperity." — Journal  of  the  Franklin  Institute,  PhUadel- 
phia,  Sq)t.  1840. 
— — . —  I 
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XVIII.    On  some  Eleciro-Nilrogtireis.    By  W.  R.  Grove^ 
Esq.  M.A.  F.R.S* 

nPHE  ammoniacal  amalgam,  or  that  extraordinary  substance 
-■■  which  is  formed  by  electrolysing  solutions  of  ammonia 
or  its  salts  with  mercury  at  the  cathode,  tirst  discovered  by 
Dr.  Seebeck,  has  at  various  periods  attracted  the  attention  of 
the  most  distinguished  chemists,  and  from  being  the  apparent 
link  between  the  metals  and  permanent  gases,  must  ever  be 
an  object  of  deep  interest.  The  experiments  which  I  here 
venture  to  lay  before  the  Royal  Society,  will  be  found,  I  trust, 
to  throw  some  light  upon  this  compound,  to  connect  the  am- 
moniacal amalgam  with  the  experiments  performed  by  dif- 
ferent philosophers  upon  the  decomposition  of  ammonia  du- 
ring its  passage  over  heated  metals,  to  explain  some  anomalies 
in  these  effects,  and  to  make  known  some  new  and  curious 
combinations. 

The  first  experiment  which  I  made  on  the  ammoniacal 
amalgam  was  to  freeze  it,  which,  by  the  kindness  of  Mr.  Everett, 
1  was  enabled  to  do  in  the  laboratory'  of  the  Middlesex  Hos- 
pital, and  at  which  experiment  Professor  Schonbein,  of  Basle, 
was  present.  A  mass  of  the  compound  formed  by  immersing 
an  amalgam  of  potassium'  in  muriate  of  ammonia  was  sub- 
jected to  solid  carbonic  acid  liquefied  in  the  usual  way  by  sul- 
phuric sether;  it  froze  readily,  but  at  what  exact  temperature 
we  had  no  means  of  ascertaining ;  at  the  moment  of  solidifying 
it  contracted  slightly,  but  without  giving  out  any  gas ;  in  its 

*  Communicated  by  the  Author;  having  been  read  before  the  Royal 
Society,  on  the  4th  of  February,  1841. 
P/til.  Mag.S.  3.  Vol.  19.  No.  122.  Aug.  1841.  H 
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solid  state  it  could  be  broken)  and  its  fracture  was  of  a  very 
dark  gray,  or  nearly  black  colour,  something  resembling  that 
of  cast  iron  which  has  been  exposed  for  sometime  to  the  air; 
it  had  little  or  no  metallic  lustre:  on  thawing  it  gave  out  am- 
monia^  hydrogen  and  nitrogen. 

My  next  attempt  to  procure  a  solid  ammoniacal  compound 
of  this  nature,  was,  by  forming  an  extremely  fusible  alloy  of 
mercury,  and  Newton's  fusible  metal.  I  obtained  one  which 
was  solid  at  ordinary  temperatures,  but  which  fused  at  SG^ 
Fahrenheit.  I  made  this  the  cathode  of  a  voltaic  battery  in 
a  solution  of  ammonia  gently  heated ;  it  remained  perfectly 
unaltered,  giving  ofip  the  gases  as  a  solid  electrode  would  have 
done.  It  now  occurred  to  me  that  by  subjecting  a  solution 
of  one  of  the  salts  of  ammonia  to  electrolysis,  having  at  the 
anode  an  oxidable  metal ;  this  would  be  dissolved  and  revived 
at  the  cathode  in  conjunction  with  nascent  nitrogen  and  hy- 
drogen, and  thus  a  permanent  compound  might  be  formed ;  to 
effect  this  it  was  necessary  that  the  oxide  or  chloride  of  the 
metal  should  be  easy  of  reduction,  soluble  in,  and  not  precipi ta- 
ble bvs  ammoniacal  salts ;  thus  lead,  iron,  and  platina  offered 
little  hope  of  success,  and  on  trial  proved  ineffectual.  Tin  was 
also  inefficient  from  the  auantity  of  insoluble  peroxide  and 
oxychloride  formed ;  with  this  metal  indeed  a  small  quantity  of 
dark-gray  spongy  matter  collected  at  the  cathode,  but  was 
soon  reacted  upon  by  the  solution.  With  zinc,  copper  and 
cadmium,  however,  the  results  were  very  different;  and  the 
compounds  formed  and  methods  of  forming  them,  I  will 
describe  separately.  A  long  glass  trough  was  filled  with 
distilled  water,  into  which  were  placed  several  lumps  of  mu* 
riate  of  ammonia;  a  platina  wire  forming  the  cathode,  and  a 
button  of  distilled  zinc  suspended  by  a  platina  wire,  the 
anode  of  six  pairs  of  zinc  and  platina  plates  (charged,  as 
originally  proposed  by  me  (Phil.  Mag.  for  May  18S9),  with 
dilute  sulphuric  and  concentrated  nitric  acid,)  were  immer- 
sed in  the  liquid  at  the  two  extremities  of  the  trougb,  and 
separated  by  a  fence  of  crystals  of  the  salt  A  spongy  mass, 
which  appeared  to  be  formed  of  a  cluster  of  folia  or  irregular 
facets,  of  the  colour  and  lustre  of  plumbago^  soon  formed 
around  the  cathode,  and  as  it  increased  in  size  rose  up  and 
floated ;  this  specific  levity  was,  however,  principally  due  to 
the  gas  entangled  in  its  interstices,  ns  when  slighdy  com- 
pressed between  two  strips  of  glass  it  instantly  sank;  having 
formed  a  sufficient  quantity  of  this  sponge  it  was  gently  re« 
moved,  placed  on  a  filter,  and  well  washed  with  distilled 
water,  then  dried  over  a  sand-bath  at  a  gentle  heat,  during 
which  it  gave  out  no  ammoniacal  odour;  then  pulverized  by 
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rubbing  between  the  folds  of  filtering  paper;  when  thus  dried 
and  reduced  to  powder  its  colour  was  unaltered ;  it  had  no 
metallic  lustre:  the  specific  gravity  of  a  portion  of  it  which 
I  tried,  proved  to  be  4*6 ;  it  conducted  electricity,  and  was 
acted  on  by  acids  precisely  as  metallic  zinc,  but  the  hy* 
drogen  evolved  from  it  by  dilute  sulphuric  acid  was  mixed 
with  a  little  nitrogen;  when  this  solution  was  supersaturated 
with  caustic  potass  it  evolved  no  ammoniacal  odour. 

Five  grains  of  the  substance  well  dried,  were  placed  in  a 
narrow  tube  bent  so  as  to  form  a  retort,  and  heated  to  red- 
ness by  a  spirit-lamp  ;  they  gave  out  a  permanent  gas,  which 
was  at  first  collected  over  recently  boiled  mercury,  but  as  no 
ammonia  was  detected,  the  gas  in  subsequent  experiments 
was  collected  over  water:  the  following  is  the  result  of  four 
experiments,  the  air  in  the  tube  having  been  first  rarefied 
and  a  portion  expelled  by  heating  it  at  parts  distant  from  the 
substance: — 

Experiment.  Cubic  inches. 

1st    5  grains  gave  0*7 

2nd  ^ 0'75 

3rd 0-76 

4th 0-72 


4  )2'93(  0*73 
This  gas  was  examined  by  detonation  in  an  eudiometer, 
which  differed  from  those  of  Volta  and  Henry  in  being  fur- 
nished with  a  loop  of  platina  wire,  which  could  be  ignited  at 
pleasure  by  a  feeble  voltaic  current ;  this  eudiometer  I  have 
found  to  possess  many  advantages,  but  it  would  be  out  of 
place  here  to  dilate  upon  them.  The  gas  expelled  from  the 
zinc  compound,  when  mixed  with  one-eighth  of  oxygen,  de- 
tonated, and  contracted  to  five-eighths  of  the  whole  volume ; 
the  residue  suffered  no  further  contraction  by  oxygen  or  hy- 
drogen, and  exhibited  all  the  negative  characters  of  pure  ni- 
trogen :  upon  several  subsequent  examinations  portions  of  the 
original  gas  were  found  to  contain  from  one-third  to  one* 
fourth  hydrogen,  and  on  examining  the  very  last  portion, 
or  that  which  remained  in  the  retort,  I  found  it  to  leave  a  very 
small  residuum  when  detonated  with  oxygen ;  the  last  por- 
tions of  gas  given  out  contained  a  greater  proportion  of  hy- 
drogen thtm  the  first,  it  thus  appearing  that  the  nitrogen  was 
evolved  at  a  lower  temperature  than  the  hydrogen ;  the  re- 
siduum in  the  tube  was  unaltered  as  to  colour,  but  contracted 
in  bulk,  and  a  little  dew  had  collected  in  the  bend  of  the 
tube. 
Cadmium  was  subjected  to  the  same  process  as  zinc;  its 
H2 
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electrolysis  diflered  somewhat  from  that  of  zinc ;  with  the  latter 
metal  the  solution  was  during  the  whole  time  perfectly  trans- 
parent, and  no  precipitate  formed;  with  cadmium,  after  a 
short  time,  the  hydrated  oxide  was  precipitated  by  the  ammonia 
formed  at  the  cathode ;  but  the  portions  of  this  precipitate 
contiguous  to  the  cathode,  being  redissolved  by  excess  of 
ammonia,  were  revived  by  the  voltaic  current ;  the  sponge 
formed  very  rapidly;  its  growth  could  be  distinctly  seen)  it  was 
of  a  very  dark  leaden  gray  approaching  to  black,  and  resem- 
bled very  closely  the  mercurio-ammoniacal  amalgam ;  it  had 
not  the  semi-crystalline  appearance  of  the  zinc  sponge,  but 
when  pressed  between  glass  had  a  leaden  lustre  and  very 
much  the  appearance  of  an  amalgam ;  if  left  in  the  solution,  it 
was  observed  to  contract  and  acquire  a  lighter  shade  of  co- 
lour, most  probably  from  the  reaction  of  dissolved  chlorine ; 
the  portions  to  be  examined  were,  therefore,  removed  in- 
stantly and  plunged  into  distilled  water.  The  specific  gravity 
was  4*8,  analysed  in  the  same  way  with  the  product  from  zinc ; 
four  experiments  gave  of  permanent  gas, 

Cubic  inches. 

1     0-25 

2 0-18 

3     0*20 

4 0*20 


4)-8S 


Mean    ....      -207 
This  gas,  however,  when  examined,  proved  to  contain  no 
hydrogen  ;  the  residue  in  the  tube  was  of  a  yellowish  green 
colour  mixed  with  globules  of  distilled  cadmium. 

Copper  subjected  to  similar  electrolysis  produced  a  bright 
blue  transparent  solution,  in  which,  at  the  cathode,  grew  a 
beautiful  purple  or  rather  chocolate-coloured  coagulum ;  this 
frequently,  but  not  always,  floated  upon  the  liquid ;  its  specific 
gravity  was  5*9.  Five  grains,  when  heated,  gave  of  permanent 
gas.  Cubic  inches. 

O'lS 

0*10 

0-09 

Oil 


4) -43 


•107 
This  gas  also  contained  no  hydrogen,  but  was  wholly  nitrogen; 
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the  residue  in  the  tube  had  changed  colour  from  chocolate  to 
red,  and  had  all  the  characters  of  pure  copper. 

I  now  tried  nickel  and  silver  with  the  nitrate  of  ammonia 
and  gold  with  the  muriate;  with  nickel  very  little  spongy  matter 
was  formed ;  I  could  not  collect  sufficient  for  analysis,  and 
the  fearful  nature  of  the  ammoniacal  precipitate  prevented 
my  collecting  sufficient  of  the  silver  deposit  To  obtain  an 
analogous  compound  of  gold  I  mixed  its  chloride  with  a  so- 
lution of  muriate  of  ammonia,  and  electrolysed  with  platina 
electrodes,  divided  by  a  pipe-clay  diaphragm,  to  prevent  the 
reaction  of  the  chlorine ;  a  black  deposit  was  formed,  which 
did  not  float,  and  was  but  little  coherent ;  its  specific  gravity 
was  10*3,  and  five  grains  gave  0*05  cubic  inch  of  gas;  from 
the  small  quantity  obtained  I  could  not  positively  pronounce 
as  to  its  nature,  but  it  appeared  to  be  nitrogen.  1  have  also 
formed  amalgams  by  using  mercury  at  the  cathode  with  zinc, 
&c.  at  the  anode,  but  the  mercurv,  even  when  alloyed,  would 
not  retain  the  gases,  and  the  amalgam  yielded  no  more  than 
the  solid  metal  alone  would  have  aone. 

In  forming  each  of  these  substances  the  process  must  be 
continually  watched,  as,  if  the  solution  of  the  metal  be  in  ex- 
cess with  respect  to  that  of  the  ammoniacal  salt,  the  metal  is 
reduced  alone;  this  is  easily  noted  in  the  case  of  copper  from 
the  difierence  of  colour ;  at  a  certain  stage  of  the  process  the 
chocolate  coaguium  becomes  fringed  with  dendritic  fibres  of 
pure  copper,  and  the  line  of  demarkation  is  clearly  visible;  in 
the  zinc  and  cadmium  compounds  this  effect  is  not  so  evident, 
but  a  very  little  practice  enables  one  to  recognize  the  differ- 
ence, the  pure  metal  being  of  a  lighter  gray,  and  assuming  a 
regular  arborescent  appearance  instead  of  the  amorphous 
sponge ;  it  generally  commences  on  the  under  part,  from  the 
greater  specific  gravity  of  the  metallic  solution ;  when  this  re- 
duction of  pure  metal  has  once  commenced  it  continues,  and 
to  form  again  the  nitroguret,  the  solution  must  be  changed, 
and  the  process  commenced  de  novo. 

In  all  these  compounds  the  quantity  of  nitrogen  is  far  un- 
der the  equivalent  proportion,  and  in  many  cases  gradations 
of  shade  could  be  observed  in  the  sponge,  on  which  occasions 
less  nitrogen  was  found  to  have  entered  into  combination ; 
these  gradations  were  somewhat  abrupt,  the  mass  having  a 
stratined  appearance  like  clay  of  different  shades  rolled  up ; 
the  averages  I  have  given  were  from  portions  of  the  deepest 
colour;  an  increase  of  power  did  not  deepen  it  beyond  a  cer- 
tain point ;  but  whether  a  very  high  power  will  cause  more 
nitrogen  to  combine  with  the  metals,  I  have  as  yet  had  no 
opportunity  of  proving. 
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From  the  specific  gravity  of  the  cadmium  compound  I  ex« 
pected  it  to  have  yielded  more  nitrogen,  and  from  the  yellow 
colour  of  the  residue  I  consider  that  some  of  this  element, 
with  probably  hydrogen,  formed  a  new  combination  anaf 
logous  to  that  of  ammonia  and  potassium  examined  by  Sir 
Humphry  Davy;  to  enter  upon  this  analysis  will  require  a 
new  series  of  experiments,  foreign  to  the  immediate  purpose 
of  this  paper.  Another  question  of  difficult  resolution  is, 
whether  the  hydrogen  expelled  from  the  zinc  compound  was 
in  immediate  combination,  or  resulted  from  the  reaction  of 
the  zinc  upon  combined  water:  I  incline  to  the  opinion  that 
the  latter  was  the  case,  but  see  no  means  of  proving  it,  as  the 
same  heat  which  would  expel  the  water  would  decompose  the 
substance.  Although  I  had  no  expectation  of  procuring  a 
solid  compound  (the  theoretical  ammonium),  yet  I  did  not 
neglect  the  trial ;  I  distilled  in  the  vapour  of  naphtha  some  of 
the  zinc  compound,  but  obtained  only  gaseous  products.  It 
may  be  worth  remarking,  that  the  quantities  of  nitrogen  which 
enter  into  combination  with  the  metals  in  these  experiments 
is  in  proportion  to  their  affinity  for  oxygen,  and  it  may,  per- 
haps, be  considered  an  argument,  in  addition  to  the  many 
already  advanced,  to  prove  that  nitrogen  is  an  oxide. 

Independently  of  their  individual  interest,  the  strong  ana* 
logy  in  character,  and  the  manner  of  formation  between  these 
compounds  and  that  of  the  ammoniacal  amalgam,  is  (to  me 
at  least)  satisfactory  evidence  of  similarity  of  constitution. 
Berzelius  supposed  this  to  be  an  amalgam  of  mercury  and 
ammonium.  Gay-Lussac  and  Thenard  supposed  it  to  be 
a  combination  of  nitrogen,  hydrogen,  ammonia  and  mercury, 
Mr.Daniell  has  advanced  an  opinion,  supported  by  some  ex« 

Eeriments,  that  it  is  not  a  chemical  combination,  but  a  mere 
eterogeneous  adhesion,  the  mercury  being  pufied  up  as  a 
soap-'bubble.  If  the  above  experiments  entitle  me  to  ad- 
vance an  opinion  without  incurring  the  charge  of  presumption, 
I  should  say  that  it  was  certainly  a  chemical  combination, 
possibly  of  mercury,  nitrogen  and  hydrogen,  but  more  pro- 
bably of  mercury  and  nitrogen  swelled  with  hydrogen ;  and 
from  the  circumstance  of  its  being  always  moist,  contain^ 
ing  necessarily  a  good  deal  of  ammonia,  that  its  non^perma- 
nence  is  due  solely  to  the  mobility  of  the  mercury;  for  place 
this  quaiuor  pedibus  with  the  other  metals,  i.  e.  solidify  it, 
and  the  compound  is  perfectly  permanent ;  reduce  the  other 
analogous  metallic  compounds  to  the  state  of  the  mercurial 
one,  i.  e.  fuse,  or  even  heat  them,  and  they  cease  to  be  per- 
manent With  regard  to  the  hypothesis  of  ammonium,  have 
we  a  right  to  assume  the  existence  of  a  metal  because  the 
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nitroguret  or  ammoniuret  of  mercury  bears  a  physical  resem- 
blance to  an  amalgam,  might  we  not,  upon  the  same  principley 
assume  many  other  elements  ?  As  a  theoretical  question  in  the 
mind  ofan  experimenter,  it  can  do  no  harm  ;  but  as  a  recog* 
nized  base,  I  cannot  but  think  it  may  tend  to  mislead* 

Another  class  of  facts  explained  by  the  experiments  above 
detailed,  are  those  exhibitea  in  the  decomposition  of  ammonia 
during  its  passage  over  heated  metals,  first  observed  by,  I  be- 
lieve, BerthoUet,  who  remarked,  that  iron  subjected  to  this 
process  became  brittle,  but  did  not  change  in  weight  The- 
nard,  in  similar  experiments  with  iron,  copper,  silver,  gold  and 
platina,  could  not  detect  an  increase  in  weieht  of  above  -Ajsth ; 
Savart  observed  an  increase  of  about  ^^jth.  Despretz,  now- 
ever,  although  in  his  first  experiments  he  could  get  no  greater 
increase  than  Savart,  yet  on  a  repetition  found  that  in  the  case 
of  iron,  and  iron  only,  he  could  increase  its  weight  1 1  per  cent. ; 
he  does  not  state  the  reason  of  his  first  failures,  or  of  his  subse- 
quent success. 

These  somewhat  discordant  results  appear  to  receive  an  easy 
explanation  by  my  experiments,  an  explanation,  indeed,  first 
theoretically  suggested  by  Ampere,  viz.  that  in  passing  heated 
ammonia  over  the  metals  a  nitroguret  was  formed  and  im- 
mediately decomposed;  that  thus  the  physical  structure  of  the 
metals  was  changed  without  any  notable  increase  of  weight 
or  chemical  alteration. 

Before  concluding  this  paper,  I  ought  not  to  omit  a  pas- 
sage in  one  of  Mr.  Daniell's  papers,  which,  upon  a  search  made 
subsequent  to  my  experiments,  is  the  only  one  I  have  found 
bearing  upon  them.  After  stating  some  results  with  his  con» 
stant  battery  charged  with  muriate  of  ammonia  on  the  zinc 
side  of  the  diaphragm,  and  sulphate  of  copper  on  the  copper 
side,  he  makes  the  following  remark: — 

^^  There  were  no  indications  of  free  ammonia  in  the  ex- 
terior cell;  the  precipitated  copper,  however,  did  not  exhibit 
the  beautiful,  bright,  pink  hue  which  it  ordinarily  presents, 
but  was  of  a  dull,  grayish,  earthy  appearance,  resembling  that 
of  copper  over  which  ammoniacal  gas  has  been  passed  at  a 
red  heat,  and  probably  contained  some  combined  nitrogen. 
I  had  not,  however,  time  to  examine  a  compound  which  is 
worthy  of  further  investigation." 

All  the  copper  nitrogurets  which  I  have  formed  have  had 
a  chocolate  colour,  and  the  nearest  substance  to  which  I  can 
liken  them  is  the  coagulum  of  the  blood ;  the  grayish  colour 
remarked  by  Professor. Daniell  proceeded  probably  from 
some  zinc  being  precipitated  with  the  copper,  or  possibly  the 
temperature  at  which  he  wrought  ( 124°)  occasioned  some  dit 
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ference.  With  the  exception  of  the  above  sentence  I  have 
found  no  anticipation  of  my  results,  and  as  far  as  my  own 
knowledge  and  inquiries  extend,  am  justified  in  giving  them 
as  new. 


XIX.   On  some  supposed  Jorms  of  Lightning.    By  Michael 
Fabadav,  D.CL.,  F.R.S. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 

THE  magnificent  display  of  lightning  which  we  had  on  the 
evening  of  the  27tn  of  last  month,  and  its  {peculiar  ap- 
pearance to  crowds  of  observers  at  London,  with  the  conse- 
quent  impressions  on  their  minds,  induces  me  to  trouble  you 
with  a  brief  letter  on  certain  supposed  appearances  and  forms 
of  lightning,  respecting  which  the  judgment  of  even  good  ob- 
servers is  often  in  error. 

When,  after  a  serene  sky,  or  one  that  is  not  overcast,  thun- 
der-clouds form  in  the  distance,  the  observer  sees  the  clouds 
and  the  illumination  of  the  lightning  displayed  before  him  as 
a  magnificent  picture ;  and  wiiat  he  often  takes  to  be  forked 
lightning  (i.  e.  the  actual  fiash,  and  not  a  reflexion  of  it),  ap- 
pears to  run  through  the  clouds  in  the  most  beautiful  manner. 
This  was  the  case  on  that  evening  to  those  who,  being  in  Lon- 
don, observed  the  storm  in  the  west,  about  nine  o'clock,  when 
the  clouds  were  at  a  distance  of  twenty  miles  or  more;  and  I 
have  very  frequently  observed  the  same  effect  from  our  south- 
em  coasts  over  the  sea.  In  many  of  these  cases,  that  which  is 
thought  to  be  the  electric  discharge  is  only  the  illuminated 
edge  of  a  cloud,  beyond  and  behind  which  the  real  discharge 
occurs.  It  is  in  its  nature  like  the  bright  enlightened  edge 
which  a  dark  well-defined  cloud  often  presents  when  between 
the  sun  and  the  observer;  and  even  the  moon  also  frequently 

Eroduces  similar  appearances.  In  the  case  of  its  producticm 
y  lightning  and  distant  clouds,  the  line  is  so  bright  by  com- 
parison witn  the  previous  state  of  the  clouds  and  sky,  so  sud* 
den  and  brief  in  its  existence,  so  perfectly  defined,  and  of  such 
a  form,  as  to  lead  every  one  at  tne  first  moment  to  think  it  is 
the  lightning  itself  which  appears. 

But  the  forms  which  this  line  assumes,  being  dependent  on 
the  forms  of  the  clouds,  vary  much,  and  have  led  to  many 
mistakes  about  the  shape  of  the  lightning  flash.  Often,  when 
the  lightning  is  supposed  to  be  seen  darting  from  one  cloud 
to  another,  it  is  only  this  illuminated  edge  which  the  observer 
sees.   On  other  occasions,  when  he  was  sure  he  saw  it  ascend. 
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it  was  simply  this  line  more  brilliant  at  its  upper  than  at  its 
lower  parr.  Some  writers  have  described  curved  flashes  of 
lightning,  the  electric  fluid  having  parted  from  the  clouds, 
gone  obliquely  downwards  to  the  sea,  and  then  turned  up- 
wards to  the  clouds  again:  this  efiect  I  have  occasionally  seen, 
and  have  always  found  it  to  be  merely  the  illuminated  edge  of 
a  cloud. 

I  have  seen  cases  of  this  kind  in  which  the  flash  appeared 
to  divide  in  its  course,  one  stream  separating  into  two ;  and 
when  flashes  seen  at  a  distance  are  supposed  to  exhibit  this 
rare  condition,  it  is  very  important  the  observer  should  be 
aware  of  this  very  probable  cause  of  deception. 

I  have  also  frequently  seen,  and  others  with  me,  a  flash 
having  an  apparently  sensible  duration,  as  if  it  were  a  mo- 
mentary stream,  rather  than  that  sudden,  brief  flash  which  the 
electric  spark  always  presents,  whose  duration  even  Wheat- 
stone  could  not -appreciate.  This  I  attribute  to  two  or  three 
flashes  occurring  very  suddenly  in  succession  at  the  same 
place,  or  nearly  so,  and  illuminating  the  same  edge  of  a 
cloud. 

The  effect  I  have  described  can  frequently  be  easily  traced 
to  its  cause,  and  when  thus  traced  best  prepares  the  mind  to 
appreciate  the  mistakes  it  may  lead,  and  nas  led,  to  in  the 
coaracter,  shape  and  condition  of  the  lightning  flash.  It  often 
happens  at  the  sea-side,  that,  after  a  fine  day,  clouds  will  to- 
wards evening  collect  over  the  sea  on  the  horizon,  and  light- 
ning will  flash  about  and  amongst  them,  recurring  at  intervals 
as  short  as  two  or  three  seconds,  for  an  hour  or  more  together. 
At  such  times  the  observer  may  think  he  sees  the  light- 
ning of  a  flash ;  but  if  he  waits  till  the  next  illumination,  or 
some  future  one,  takes  place,  he  will  perceive  that  the  flash 
appears  a  second  time  in  the  same  place,  and  with  the  same 
form ;  or  perhaps  it  has  travelled  a  little  distance  to  the  left  or 
right,  and  yet  has  the  same  form  as  before.  Sometimes  an 
apparent  flash,  having  the  same  shape,  has  occurred  three  or 
four  times  in  succession ;  and  sometimes  it  has  happened  that 
a  certain  shaped  flash  having  appeared  in  a  certain  place, 
other  flashes  have  appeared  in  other  places,  then  the  first  has 
reappeared  in  its  place,  and  even  the  others  again  in  their 
places.  Now  in  all  these  cases  it  was  simply  the  illuminated 
edges  of  clouds  that  were  seen,  and  not  the  real  flashes  of 
lightning.  These  forms  freauently  appear  to  be  in  the  cloud, 
and  yet  are  not  distinguishable  till  the  lightning  occurs.  It  is 
easy,  however,  to  understand  why  they  are  then  only  developed, 
for  that  which  appears  in  the  distance  to  be  one  dull  mass  of 
cloud,  distinguishable  in  figure  only  at  its  principal  outline, 
often  consists  of  many  subordinate  and  well-shaped  masses, 
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which,  when  the  lightning  occurs  amongst  or  beyond  them, 
present  forms  and  lines  before  unperceived. 

The  apparent  duration,  which  I  before  spoke  of,  is  merely 
a  case  of  very  rapid  recurrence,  and  may,  by  a  careful  ol>- 
server,  be  easily  connected  with  that  which  I  nave  now  pro- 
posed as  the  best  test  of  the  nature  of  the  phaenomenon. 

There  are  some  other  circumstances  which  will  help  to  di- 
stinguish the  effect  I  have  thus  endeavoured  to  describe  from 
the  true  appearance  of  the  lightning  flash,  as  the  apparent 
thickness,  sometimes,  of  the  supposed  flash,  and  its  degree  of 
illumination ;  but  I  have,  I  think,  said  enough  to  call  attan- 
tion  to  the  point ;  and,  considering  how  often  the  philosopher 
is,  in  respect  to  the  character  of  these  appearances,  obliged  to 
depend  upon  the  report  of  casual  observers,  the  tendency  of 
whose  minds  is  generally  rather  to  give  way  to  their  surprise 
than  to  simplify  what  may  seem  remarkable,  I  hope  I  have 
not  said  too  much. 

I  am,  Gentlemen,  your  obedient  servant, 

Jane  fSt,  1841.  M.  Faraday. 

XX.  Remarks  on  Professor  Poggendorfl^'s  Paper  on  the  In- 
tensity qf  Current  of  the  Zinc-iron  Circuit.  By  Marttn 
J.  Roberts,  Esq.^  F.R.S. 

To  the  Editors  of  the  Philosophical  Magazine  and  JotimaL 
Gentlemen, 

CIRCUMSTANCES  preventing  my  having  access  to  your 
Magazine,  it  was  long  after  the  publication  of  your  1 14th 
Number  that  my  attention  was  called  to  it  as  containing  a 
translation  of  Prof.  PoggendorfTs  Memoir,  read  before  the 
Berlin  Academy,  upon  the  discovery  made  by  me  of  an  ano- 
malous condition  ot  iron  in  the  galvanic  circuit*. 

In  this  memoir  the  learned  Professor  states  that  I  have 
oflered  no  opinion  in  explanation  of  the  phsenomenon,  and  that 
indeed  a  satisfactory  one  could  hardly  be  given  witli  the  pre- 
sent views  of  electrical  science  in  England.  I  must  confess 
myself  to  blame  in  not  having  given  the  experiments  in  greater 
detail,  as  it  might  have  prevented  the  mistake  the  learned 
Professor  has  evidently  fallen  into  as  to  the  cause  of  the  phae- 
nomenon,  and  I  trust  the  condition  of  electrical  science  in 
England  is  not  so  low  as  to  prevent  our  giving  an  explanation 
of  so  simple  a  matter;  indeed  1  am  surprised  tnat  in  repeating 
my  experiments  the  learned  Professor  did  not  at  once  per- 
ceive the  true  solution  of  the  apparent  anomaly. 

In  his  memoir  he  appears  to  attribute  the  superiority  of 
the  iroti'zinc  over  the  copper-zinc  galvanic  pair  to  some  in- 
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berent  power  of  resistance  to  the  reception  of  electric  filiiid, 
existing  in  a  greater  degree  in  copper  than  in  iron;  and  if  I 
understand « him  rightly,  he  supposes  this  to  be  not  a  less 
facility  of  conduction  in  the  copper,  but  a  resistance  to  the 
entrance  of  the  electric  fluid  into  the  substance  of  the  metal 
from  another  conducting  medium  in  contact  with  it;  that  is 
to  say,  it  is  more  di£Bcult  for  electricity  to  enter  copper  from 
an  acidulated  solution  in  which  this  metal  is  immersed,  than 
to  enter  iron  in  like  circumstances,  although  the  copper  is 
actually  a  better  conductor  than  iron  when  the  electric  fluid 
has  once  penetrated  its  substance.  This  I  grant  to  be  the  fact, 
but  not  that  the  cause  is  any  such  singular  and  contradictory 
property  in  copper  as  first  to  offer  a  greater  and  then  a  less 
resistance  to  the  passage  of  electricity ;  but  it  is  simply  that 
copper,  when  immersed  in  an  acidulated  solution,  does  not 
retain  so  clean  a  metallic  surface  as  does  iron  when  exposed 
to  a  like  action. 

When  a  copper^zinc  pair  is  placed  in  dilute  sulphuric  acid 
an  action  takes  place  upon  both  the  metals,  and  the  balance 
of  their  affinities  for  the  acid  determines  the  direction  and 
intensity  of  the  electric  current ;  but  an  obstacle  to  its  free 
circulation  arises  by  the  resistance  offered  to  its  passage  from 
the  acid  into  the  copper,  because  this  metal  has  in  a  measure 
been  acted  upon  by  the  acid  and  its  surface  partially  oxidated ; 
but  as  the  affinity  of  the  base  for  the  acid  under  these  circum- 
stances is  not  sufficient  to  cause  the  solution  of  the  oxide, 
it  therefore  remains  upon  the  surface  of  the  copper  plate,  and 
as  oxides  are  worse  conductors  of  electricity  than  their  metal- 
lic bases,  we  have  here  a  resistance  presented  by  the  oxidated 
surface  to  the  entrance  of  the  electric  current  into  the  copper 
plate.  On  the  other  hand,  when  an  iron^zinc  pair  is  immer- 
sed in  dilute  acid,  we  have  also  an  action  on  both  metals,  but 
the  balance  of  affinities  is  here  not  so  much  in  favour  of  the 
zinc  as  when  it  is  in  combination  with  copper,  therefore  the 
intensity  or  electromotive  force  generated  by  the  iron-zinc  is 
not  so  great  as  in  the  copper-zinc  battery;  but  as  I  have 
shown,  the  quantity  circulate  by  the  iron-zinc  is  greater,  be- 
cause the  surface  of  the  iron  not  only  oxidates  as  did  the  cop- 
per, but  in  consequdhce  of  its  greater  affinity  for  the  acid  this 
oxide  becomes  dissolved  in  the  liquid,  and  it  is  thus  removed 
from  the  surface  of  the  metal,  which  remains  purely  metallic, 
bright,  and  far  more  fitted  to  conduct  electricity  than  would 
be  the  oxidated  surface  of  a  copper  plate;  it  therefore  offers 
less  resistance  to  its  entrance,  and  a  larger  quantity  is  thus 
circulated,  although  (in  consequence  of  the  balance  of  affini- 
ties) in  less  intensity  or  electromotive  force  by  an  iron-zinc 
than  by  a  copper-zinc  galvanic  pair. 
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I  think  this  explanation  is  proved  to  be  the  true  one,  both 
by  Prof.  PoggendorlPs  experiments  and  by  my  own.  I  found, — 
1st,  When  comparing  a  ten-pair  iron-zinc  with  a  ten-pair 
copper-zinc  battery,  that  although  in  a  given  time  of  con* 
siderable  duration  a  much  greater  quantity  of  water  was  de- 
composed by  the  iron  than  by  the  copper  battery,  yet  that  at 
the  first  immersion  of  the  plates  in  acid  a  much  more  rapid 
decomposition  was  effected  by  the  copper  than  by  the  iron 
combination,  although  in  a  very  short  time  this  superiority 
disappeared,  and  the  iron  became  the  strongest. 

2ndly.  When  a  single  pair,  copper-zinc,  was  tried  against 
a  similar  pair,  iron-zinc,  and  their  powers  tested  by  a  difier- 
ential  galvanometer ;  at  the  first  immersion  the  deviation  was 
in  favour  of  the  copper,  but  in  a  short  time  the  iron  overcame 
it  by  a  deviation  of  fifty  degrees. 

Srdly.  When  these  pairs  were  inspected  at  intervals,  it  was 
seen  that  the  iron  preserved  a  bright  metallic  surface,  while 
the  copper  was  covered  by  a  dark  coat  of  oxide. 

4thly.  A  copper-zinc  pair  was  tested  against  an  iron-zinc 
pair  of  equal  surface,  to  ascertain  the  comparative  loss  of 
metal  by  oxidation  and  solution  during  the  working  of  these 
little  batteries,  which  were  allowed  to  remain  in  action  for 
about  twelve  hours;  result  as  follows: — 


riron    . 
LZinc    . 

Original  Weight. 
di8.     B.    grs. 

.902 
.     6     1    10 

Weight  after  12 

Hours'  Action. 

drs.     t.    grs. 

8     2  16 
5     i     8 

Loss, 
dn.     •.    gn. 

0  0     6 

1  0     2 

rCopper 
1  Zinc    . 

.     4     0  17 
.     6     0  17 

4     0  17 
*     2  17 

None. 
1     1     0 

showing  that  the  copper  loses  none  of  its  weight  when  in  com- 
munication with  zinc ;  but  that  iron  lost  six  grains  under  si- 
milar circumstances. 

From  these  experiments  we  may  conclude,  that  as  at  the 
first  immersion  the  copper-zinc  is  superior  to  the  iron-zinc, 
but  afterwards  becomes  inferior  to  it,  some  change  must  have 
taken  place  during  this  interval  which  reduces  the  electric 
current  of  the  copper-zinc  battery ;  this  reduction  is  proved 
by  the  first  and  second  experiments ;  what  the  change  is  was 
seen  by  inspection  in  the  3rd  experiment,  viz.  a  clean  surface 
of  iron,  and  an  oxidated  surface  of  copper.  Lastly,  that  this 
bright  iron  surface  is  caused  by  the  solution  of  the  oxide  of 
the  metal,  is  proved  by  the  4th  experiment,  where  the  iron 
lost  six  grains  of  its  weight. 

The  cause,  then,  of  the  anomalous  electric  condition  of  iron 
is  not  that  this  metal  possesses  a.  less  power  of  resistance  to 
the  transition  of  electric  fiuid  than  does  copper,  although  in 
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reality  a  worse  conductor  than  this  metal,  a  contradiction 
iBvhich  has  been  maintained  by  Prof.  Poggendorff;  but  it  is, 
that  iron,  when  in  galvanic  action,  retains  a  more  bright  and 
metallic  surface  than  copper  does  in  like  circumstances.  This 
is  also  the  case  with  all  metals  possessing  the  apparently  ano- 
malous property  of  bein^  positive  to  a  metal  A,  when  asso< 
ciated  with  it  as  a  galvanic  pair;  but  more  highly  negative,  or 
at  least  giving  a  stronger  electric  current  thanthis  metal  A 
would,  if  associated  with  a  metal  B,  still  more  positive  than 
either  of  the  former.  I  may  call  the  attention  of  experimenters 
to  the  ceconomy  and  power  of  the  iron-zinc  battery,  which,  by 
a  simple  contrivance  to  ensure  a  regular  supply  of  acid,  can 
be  made  as  constant  in  its  action  as  would  be  desired  for  or- 
dinary purposes. 

Compared  with  the  copper-zinc  battery,  the  following  results 
show  its  power  and  ceconomy : — 

A  small  ten  pair  iron-zinc  tested  against  a  similar  sized 
copper^zinc  battery:  an  equal  measure  of  dilute  acid  was 
poured  into  each  battery;  both  were  employed  in  decompo* 
sing  water  until  all  action  ceased.  The  iron-zinc  produced, 
by  the  expenditure  of  this  acid,  four  cubic  inches  of  mixed 
gases  in  104  minutes.  The  copper-zinc  produced,  by  a  like 
expenditure  of  acid,  only  one  and  a  half  cubic  inches  of 
mixed  gases,  and  this  required  125  minutes.  The  expendi- 
ture of  zinc  is  also  much  less  when  associated  with  iron  than 
with  copper,  and  this  in  the  proportion  of  twenty  to  twenty- 
seven. 

Prof.  Poggendorff  states,  that  it  is  necessary  to  give  a  zinc- 
platina  battery  three  times  as  large  a  surface  as  that  of  a  zinc- 
iron  one  to  produce  equal  effects ;  and  as  zinc-platina  has 
hitherto  been  considered  the  best  galvanic  arrangement,  with 
the  exception  of  Daniell's,  the  ceconomy  of  the  zinc-iron  bat- 
tery is  manifest. 

I  am,  &c., 

Marttn  J.  Roberts. 


XXI.  Researches  on  Heat. — Fourth  Series.  On  the  Effect  of 
the  Mechanical  Texture  of  Sateens  on  the  immediate  trans- 
mission  of  Radiant  Heat.  Bj^  James  D.  Forbes,  Esq.9 
F.R.SS.  L.  Sf  £.,  Professor  of  Natural  Philosophy  in  the 
University  of  Edinburgh. 

[Continued  from  p.  81 »  and  concluded.] 
26.   A  MORE  minute  analysisof  the  influenceof  surface  upon 
-^  heat  is  what  we  now  propose.     And  three  questions 
present  themselves  for  immediate  solution  :^(1.)  If  deficiency 
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or  polish  produce  a  variation  in  the  proportion  of  not  less  than 
8  to  1  in  the  quantity  of  transmitted  radiated  heat  from  dif- 
ferent sources,  can  we  employ  salt  plates  with  the  ordinaiy 
degree  of  polish,  and  yet  consider  them  as  equally  transparait 
for  every  kind  of  heat,  as  M.  Meiloni's  discovery  has  hitherto 
entitled  us  to  do  ?  (2.)  Is  the  effect  of  roughness  common  to 
other  substances  as  well  as  rock-salt?  (S.)  The  operation  of 
depolishing  with  sand-paper  is  nothing  more  than  the  making 
of  an  infinite  number  of  distinct  grooves  on  a  polished  surface; 
supposing  these  grooves  to  be  regularly  formed,  and  capable 
of  numerical  estimation,  will  the  eflPect  continue? 

27.  (1.)  With  respect  to  the  first  of  these  questions,  it  is 
satisfactory  to  be  able  to  answer  it  affirmatively  in  a  general 
way.  I  took  two  salt  plates,  of  which  the  surfaces  had  not  been 
regularly  polished  for  a  long  time,  and  which,  though  bright 
and  clear,  were  by  no  means  particularly  even  and  true.  Of 
heat  from  Locatelli's  lamp  previously  sifled  by  glass,  these 
four  surfaces  of  rock-salt  transmitted  72  per  cent.  With  dark 
heat  from  smoked  brass  the  per-centage  was  73,  a  diffei^nce 
which,  in  this  experiment,  could  hardly  be  considered  as  ap- 
preciable. The  transmission  of  these  two  very  different  kinds 
of  heat  was  therefore  equal.  M.  Melloni  has  shown  that  when 
rock-salt  is  pure  and  perfecdy  polished,  *92  of  the  incident 
heat  is  transmitted  by  a  pair  of  surfaces,  and  therefore  four 
surfaces  should  transmit  ('92)^  or  84*5  per  cent.  This  esti- 
mate I  have  verified,  and  am  satisfied  of  its  accuracy*  The 
deviation  in  the  present  case  (which  I  think  it  right  not  to  pass 
over)  is  due  partly,  no  doubt,  to  the  inequalities  of  surface, 
but  chieflv  to  some  imperfections  in  the  salt  itself,  which,  as 
the  experiment  was  merely  a  relative  one,  were  not  adverted 
to.  In  contrast  with  this,  I  used  at  the  same  time  (December 
11,  I8S9)  a  piece  of  salt,  which  once  had  been  polished  on 
both  sides,  but  which,  by  being  laid  aside  for  some  years,  had 
become  completely  dull  and  gray  on  its  surface.  This  speci- 
men, then,  was  simply  depolished;  it  contained  no  furrows, 
and  had  been  subjected  to  no  mechanical  action  whatever. 
Its  per-centage  of  transmission  was, 

Loeatelli,  with  Glass.      Dvk  hot  Biaas. 

Tarnished  salt  66  77 

clearly  establishing  the  general  principle. 

28.'  (2.)  With  respect  to  the  question,  whether  roughness 
of  surface  has  a  similar  effect  in  modifying  the  diathermancy 
of  other  substances  as  well  as  rock-salt,  we  are  able  to  give  a 
distinctly  affirmative  answer.  Rock-salt  being,  so  to  apeak, 
quite  indifierent  to  the  quality  and  source  of  the  incident  heat, 
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any  cause  of  specific  action  becomes  immediately  apparent. 
Not  so  with  any  other  substance^  which,  exercising  already  a 
specific  action  iii  virtue  of  its  nature,  is  to  have  that  specific 
action  modified  by  a  modification  of  surface.  At  least  the 
question  is,  whether  or  not  this  modification  will  occur?  An 
example  will  best  illustrate  how  this  modification  may  be  dis- 
covered and  expressed.  I  took  a  plate  of  mica  with  its  na- 
tural bright  surfaces,  and  so  thin  as  to  transmit  in  consider^ 
able  abundance  heat  from  difierent  sources.  The  per^-centages 
in  this  state  were  determined  as  follows : — 

Locatelli,  with  Olaas.       Locatelli.        Dark  Heat. 

Mica  with  bright  surfaces   •••  83*5  74  37 

Both  sides  of  the  mica  were  depdished  with  emery-paper,  and 
the  experiment  repeated  (27th  November,  1839) : 

Locatelli,  with  Glass.      Locatelli.     Dark  Heat. 

Mica  with  rough  surfaces,  •••  45*5  51  31*5 

Denoting  the  original  transmissions  by  100,  the  diminished 
effect  due  to  the  roughness  of  the  surface  will  be  represented  by 

54  69  85 

demonstrating  as  clearly  as  possible  that  the  stoppage  is  pro- 
portioned to  tlie  temperature  of  the  source  of  heat;  thus, 
whilst  46  per  cent,  of  the  first  kind  was  arrested  by  the  rough- 
ness of  the  surface,  only  15  per  cent,  of  dark  heat  was  stopped. 
29.  (3.)  With  regard  to  the  third  question,  the  action  of  a 
comparatively  small  number  of  scratches  on  a  polished  sur- 
face, instead  of  a  general  diminution  of  its  polish,  I  proceeded 
thus : — I  caused  a  series  of  extremely  minute  lines  to  be  drawn 
mechanically  with  a  diamond  point,  on  a  well -polished  surface 
of  rock-.saIt,  so  as  to  divide  it  into  squares  having  one-hwi- 
dredth  of  an  inch  for  their  side.  A  similar  plate  was  scored 
by  fine  lines  in  the  same  manner,  parallel  to  one  another,  and 
o7ie  two-hundredth  of  an  inch  apart.  A  portion  of  this  second 
plate  was  crossed  rectangularly,  by  lines  drawn  at  the  same 
distance,  so  as  to  divide  the  surface  into  squares  four  times 
smaller  than  in  the  fi-rst  instance.  These  three  media  gave 
the  following  results  with  two  very  different  kinds  of  neat 
(December  6-11,  1839) :— 


Source  of  Heat. 

Scored  in  iquaret 

100  Unet  to  the 

inch. 

200  to  the  inch. 

Scored  in  iqiuret 

SOD  lines  to  the 

inch. 

Locate! liy  with  glass 
Dark  hot  brass    

76-5 
82-3 

61-5 
68-5 

45 

64  5' 

•  The  part  of  the  second  plate  which  was  scored  acrois  being  more 
fi-ee  from  flaws  than  that  which  was  once  scored,  explains  the  little  differ- 
enee  between  this  number  and  that  in  the  preceding  column. 
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For  heat  of  212^  the  per-centage  was  stiii  higher,  as  will  af- 
terwards be  shown. 

30.  Metallic  Gratings* — If  the  mere  defecl  of  transpai^ncjr 
were  the  cause  of  the  peculiar  action  of  scratched  surfaces, 
we  might  expect  that  any  opake  filaments  would  act  in  the 
same  way.  Could  we  dispense  with  the  medium  altogetlier, 
and  employ  a  screen^  which  should  have  the  qualities  which 
we  had  artificially  given  to  the  physical  surface  of  the  mediani, 
we  should  evidently  have  advanced  a  step  in  the  interpretation 
of  the  phaenomena.  The  action  of  grooved  surfaces^and  gratings 
upon  light  suggested  so  forcible  an  analogy,  that  before  I  was 
able  to  procure  the  mechanically  striated  surfaces,  described  in 
the  last  article,  I  had  employed  fine  metallic  wire-gauze  as  a  dif- 
fraction-screen, hoping  to  obtain  results  similar  to  those  which 
I  anticipated,  and  afterwards  did  obtain,  by  drawing  fine  lines 
upon  rock-salt. 

31.  The  fact  that  difFraction^phsnomena  in  light,  produced 
by  gratings,  are  wholly  irrespective  of  the  nature  of  these  gra- 
tings, as,Tor  instance,  whether  they  be  formed  of  metal-wires, 
or  mere  lines  drawn  through  a  soapy  film  stretched  on  glass, 
gave  some  countenance  to  this  experiment.  I  was  not  un- 
aware that  diffraction  spectra  are  produced,  not  by  a  parallel 
beam  of  light,  but  by  a  picture,  formed  of  a  distant  luminous 
point.  Still,  thougn  the  ground  or  field  illuminated  by 
parallel  rays  passing  through  a  grating  must  evidently  have  a 
uniform  tint,  it  does  not  appear  absurd  to  suppose  that  that 
tint  may  be  different  from  white.  Nor  does  this  question  ap- 
pear to  have  occurred  to  mathematicians  or  optical  writers, 
until  the  problem  presented  itself  to  me  in  the  course  of  this 
investigation. 

32.  With  such  wire-gauze  as  I  could  easily  procure,  I  failed 
in  obtaining  any  peculiarity  of  action  as  relates  to  heat  from 
difierent  sources ;  and  further,  the  quantity  of  heat  intercepted 
by  the  metallic  grating  appeared  to  be  nearly,  or  exactly,  pro- 
portional to  tlie  surface  of  the  opake  portion  of  the  screen. 
Thinking  that  perhaps  finer  gauze  than  that  I  used  (60  wires 
to  the  inch)  might  produce  the  desired  effect,  I  obtained, 
through  the  kind  assistance  of  Sir  John  Robison  and  M. 
Leonor  Fresnel,  the  finest  manufactured  in  Paris,  going  as 
high  as  about  160  per  inch.  In  general  mv  first  results  were 
confirmed,  viz.  (1.)  that  the  proportion  of  heat  stopped  is  ir- 
respective of  the  source ;  (2.)  that  it  is  to  the  incident  heat  as 
the  area  of  the  wires  is  to  the  area  of  thp  surface.  It  must  be 
observed,  however,  that  the  determination  of  this  latter  pro- 
portion with  extreme  accuracy  by  an  examination  of  the  gra- 
ting, is  not  so  easy  as  might  at  first  sight  appear.     When  the 
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Wit*e  is  fin^  compared  to  the  interstices^  the  interstices  are 
pretty  nearly  rectangular  and  equal-sided.  But  this  is  not  the 
case  in  most  manufactured  wire-gauze.  One  set  of  wires  is 
nearly  parallel  and  straight,  but  not  so  the  set  interlaced  with 
the  former,  which  do  not  generally  make  their  intersections  at 
right  angles,  and  hence,  universally,  the  interstices  are  some- 
what smaller  than  a  calculation  proceeding  upon  the  number 
of  wires  per  inch,  and  their  diameter  would  give.  Distrust- 
ing my  own  observations,  I  put  three  specimens  of  wire-gauze 
into  ^r.  John  Adie*s  hands,  requesting  him  to  determine  the 
mean  diameters  and  intervals  of  the  wires.  With  a  very  ac- 
curate micrometer  he  determined  14  values  for  each  of  these 
quantities  in  both  directions.  From  these  data  the  proportion 
of  the  interstices  to  the  whole  surface  of  each  grating  is  easily 
calculated,  and  the  results  are  given  below  for  three  sorts  of 
ffauze  of  which  I  had  previously  determined  the  permeability 
lor  heat. 

Micrometric  Measurement  of  Wire-Gauze.     Unit  of  Mea- 
sure = 


jnJ5T5  ^^^"' 


vrtw-Oaun. 


No.  1.  (57  per  inch) 
No.  2.  (92  per  inch) 
No.a*  (129  per  inch) 


Length  wbe. 


IntenUoe. 


534 

376-6 

200 


Wire. 


371 

179-4 
159 


Brwdthwite. 


IntenUoe.       Wire. 


562 

402-6 

284 


384 

179-6 

168 


lUtioof 
Intenticct 
to  Surface. 


•3504 
•4680 
•3500 


S3.  The  numbers  in  the  last  co  umn  (computed  on  the 
supposition  of  the  interstices  being  geometrical  rectangles)  are 
to  be  compared  with  the  following  experimental  determina- 
tions of  the  proportion  of  incident  beat  transmitted  by  these 
gratings. 

Proportions  per  100  of  Incident  Rays  of  Heat  transmitted  by 
Wire-Gauze. 


Wlre.Gftuie. 


No.  I.  (57) .. 
No.  2,  (92)  .. 
No.  3.  (129) 


LocatclH,  with 
Olau. 


32-5 

460* 

30-5 


Loeat«lli. 


32 


Dark  Hot 
BriM. 


33-5 

44-7 1 
30 


Hot  Water. 


29-7 


*  Two  such  gratings  superimposed,  so  that  the  wires  formed  angles 
of  45**  with  one  another,  gave  for  the  percentage  of  transmission  20*7. 
The  square  root  of  this,  or  efiect  due  to  each  grating,  is  45*5,  or  almost 
the  same  as  the  number  in  the  text. 

t  Two  superimposed  gratings  gave  21-2  per  cent.,  or  46  for  each 
system  separately. 
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The  difierences  for  each  grating,  perhaps,  do  not  exceed  the 
errors  of  experiment.  In  every  case  these  numbers  are  infc" 
rior  to  the  geometrical  interstices,  but  what  inclines  me  to 
think  that  this  difference  is  due  to  the  irregularities  of  figure 
of  the  gauze  (including  the  effect  of  Jlaitening  of  the  wires 
where  tney  overlap,  making  the  interstices  obtuse-angled)  is 
this :  that  No.  2,  in  which  the  wires  were  finer  compared  to 
the  interstices  than  in  others  (the  total  interstices  being  one- 
third  part  larger  in  proportion),  and  the  gauze  evidently  far 
more  regularly  formed  than  in  the  other  cases,  the  per-cen- 
tage  transmitted  differs  very  little  from  the  geometrical  ^auge. 
I  own,  at  the  same  time,  that  a  difference  of  5  per  cent*  jn  No. 
S  (which  is  evidently  not  due  to  an  error  of  observation),  seems 
to  me  barely  accounted  for  by  this  remark. 

Si.  7%rf/i<2-Gra/f»tgfj.-^Withgratitigsoffinecotton-threads 
j^^dth  inch  apart,  used  for  showing  Fraunhofer's  Spectra,  I 
obtained  a  similar  result.  These  threads  were  arranged  paral- 
lel-wise on  two  frames,  capable  of  being  superimposed  rectan- 
Silarly.  Thus,  we  can  either  employ  a  screen  of  parallel 
reads  one^hundredth  of  an  inch  apart,  or  a  screen  of  mathe- 
matically^ accurate  squares,  formed  by  superposition.  It  is 
difficult  in  this  case,  however,  to  obtain  the  diameter  of  the 
thread  accurately  enough  to  estimate  the  ratio  of  interstices. 

Per-centage  of  Incident  Heat  transmitted  by  Cotton-Thread 
Gratings,  t^tt^^^  ^^^^  apart. 


Thread  Grating,  Sinolx 
■  ■  Double 


LoeatelU,  with 
Olau. 


29-5 
90* 


Dark  Heat. 


30*2 
8-3t 


*  Corresponding  tii^le  action  =  30- 0  per  cent, 
t s  28-8 


The  difference  here  seems  imperceptible,  the  differences,  such 
as  they  are,  being  in  opposite  directions.  The  results  in  the 
last  column  are  from  smgle  experiments  (November  28th, 
1839), 

36*  Action  of  Powders. — Adhering  to  the  idea  (12.)  that 
the  action  of  a  smoked  surface  was  due  to  the  mechanical  ac- 
tion of  a  number  of  minute  opake  points  distributed  over 
a  transparent  body,  it  occurred  to  me  almost  at  the  com- 
mencement of  these  experiments,  to  try  the  effect  of  powders 
artificiallv  sifled  on  such  a  surface.  Any  ingredient,  how- 
ever, which  could  make  the  powders  adhere  to  the  surface, 
would  hae  vitiated  the  experiment,  by  introducing  its  own 
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proper  diathermancy.  I  therefore  incloded  the  powders  be« 
tween  two  polished  plates  of  rock-salt,  closed  at  the  edges 
with  wax.  The  preliminary  experiment  (270>  to  show  that  the 
salt  surfaces,  in  the  state  in  which  I  commonly  employed 
them,  exercise  no  perceptible  influence  on  the  quality  of  the 
transmitted  heat,  was  evidently  a  very  important  one  for  the 
conclusions  I  meant  to  draw.  It  was,  as  I  have  stated,  quite 
satisfactory. 

36.  The  first  experiments  which  I  made  with  powders 
(December  6>  1839),  were  with  chalk  and  alum,  finely  dusted 
between  two^plates  of  salt.  I  selected  the  chalk  on  account 
of  its  absolutely unci^staliine  and  opake  character;  and  alum, 
because  its  power  of  stop{)ing  rays  of  heat  of  low  temperature 
was  so  very  ^reat,  that  I  ju<&ed  that  if  the  influence  as  a  me-^ 
chanieal  modifier  of  iurface  should  prove  predominant,  and 
allow  as  much,  or  more,  heat  oilam  than  oth^ih  temperature 
to  pass,  the  mechanical  influence  of  a  substance  in  fine  powder 
would  be  clearly  established. 

37.  Now,  the  result  at  which  I  arrived^  and  which  was  en- 
tirely conformable  to  my  anticipation,  may  serve  to  show  the 
caution  requisite  in  drawing  conclusions  from  limited  dat% 
however  apparently  conclusive.  The  surfaces  powdered  with 
chalk  suffered  rather  more  heat  of  low  than  of  high  tempera- 
ture  to  pass  (viz.  S4«5  per  cent,  dark  hea<^  and  only  30-5  of 
heat  from  Locatelli  lamp,  transmitted  through  a  thick  glass- 
lens),  whilst  the  salt  strewed  with  alum  appeared  quite  mdif* 
ferent  to  the  kind  of  heat  incident*  (transmitting  only  17  per 
cent,  of  both,  thus  showing  that  the  powder  was  in  consicfer- 
able  Quantitv).  I  concluded,  therefore,  with  apparent  reason, 
that  the  chalk  having  no  specific  action,  or  being  (most  pro- 
bably) opake  or  athermanous^  the  powder  of  it  acting  me- 
chanically, allowed  low  temperature  heat  to  pass  in  excess, 
whilst  in  the  case  of  alum,  the  specific  action  was  entirely 
counteracted  by  the  mechanical  action  of  the  powder.  I  sim- 
ply stated  the  tact  amongst  others  detailed  in  the  preceding 
pages,  in  a  memorandum  presented  to  the  Royal  Society  of 
Edinburgh  on  the  16th  December  13391,  and  a  few  days 
after.  In  a  slightly  different  form,  communicated  to  M.  Arago, 
and  printed  in  the  Comptes  Rendus  de  VAcadimie  desScienceSy 
6th  January  1840.  On  the  28th  of  December,  I  obtained  a 
similar  result  for  charcoal  powder  (whose  affinity  with  smoke 

*  Yet  an  alum  |)late  of  a  certain  thickness  transmits  no  less  than  97  per 
cent,  of  the  one  kind  of  heat,  and  no  tensible  portion  of  the  other  (Mel- 
lonl) 

t  See  our  July  Number,  p.  09.  note  \ 
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suggested  its  use),  and  yet  it  does  not  appear  that  the  general 
conclusion  which  I  intended  is  entirely  warranted. 

37.  It  is  well  known  that  Sir  Isaac  Newton  overlooked  the 
variable  dispersive  power  of  bodies  for  light,  in  consequence 
of  having  compared  two,  in  which  the  dispersion  happened  to 
be  proportional  to  the  mean  refraction.  A  similar  haste  to 
generalize  would  have  led  to  error  on  the  present  occasion, 
had  not  a  simultaneous  investigation  led  me  to  re-consider 
the  subject  of  powders.  Whilst  waiting  for  the  arrival  of 
fine  wire-gauze  from  Paris,  it  occurred  to  me  to.try  the  efiect 
of  metals  m  a  state  of  extreme  division.  It  seemed,  however, 
first  desirable  to  ascertain  whether  the  metals  are  as  incapable 
of  transmitting  heat  as  is  commonly  supposed. 

38.  For  this  purpose,  I  stretched  a  piece  of  the  thinnest 
gold-leaf  across  a  wide  diaphragm  of  pasteboard,  and  suffered 
an  intense  parallel  beam  of  heat  from  Locatelli's  lamp  to  fall 
directly  upon  the  pile.  A  screen  of  glass  was  interposed, 
which,  by  experiment,  was  known  to  stop  i3  per  cent*  of  this 
sort  of  heat.  The  needle  of  the  galvanometer  deviated  31°% 
the  glass  being  interposed  ;  the  equivalent  direct  effect  would 

have  been  31*2  x  -t«^  =  72°.     When  the  glass  was  removed 

and  the  gold-leaf  put  in  its  place,  on  the  brass  screen  being 
alternately  introduced  and  removed,  not  the  faintest  motion 
was  perceptible  in  the  needle ;  had  it  amounted  to  ^\^th  of  a 
degree,  that  is,  had  y^VcT^^^  ^^  ^^^  incident  heat  been  trans- 
mitted by  the  gold-leafj  I  considered  that  the  effect  would 
have  been  perceptible.  Yet  this  gold-leaf  was  so  thin  that 
the  features  of  a  landscape  could  be  distinctly  seen  through 
it,  of  the  usual  bluish-green  tint.  No  more  convincing  proof 
certainly  can  be  desired,  that  conduction  plays  no  sensible 
part  in  these  experiments,  since  it  did  not  sensibly  act  on  a 
film  of  one  of  the  best-known  conductors  of  heat,  and  per- 
haps not  more  than  y^^A^xT^th  of  an  inch  thick.  I  thought  it 
worth  while  to  repeat  the  experiment  with  dark  heat,  and  with 
the  same  results.  The  analogy  of  the  action  of  split  mica  on 
light  to  metallic  reflexion  led  me  to  suspect,  that  if  any  kind 
oi  heat  were  transmitted  by  metallic  leaves,  it  would  be  that 
of  low  temperature. 

39.  The  imperviousness  to  heat  of  gold-leaf,  the  thinnest 
continuous  film  of  metal  which  we  can  obtain,  satisfied  me 
of  the  importance  of  obtaining  the  metals  in  a  condition  to 
verify  my  experiments  with  the  powder  of  other  substances. 
When  the  hope  diminished  of  obtaining  wire-gauze  of  a  de- 
gree of  fineness  (I  mean  fineness  in  the  "wirey  not  closeness  of 
texture,  for  that  was  compamtively  immaterial)  which  might 
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vie  with  the  diamond  scratches  on  the  salt  surface,  which 
presented,  under  the  microscope,  an  irregular  furrow,  pro- 
bably nearly  5^\r^dth  of  an  inch  in  mean  breadth,  — I  recurred 
to  the  project  oi  using  the  metals  in  powder.  It  was  evident, 
from  the  experiments  on  depolished  and  scored  surfaces,  that 
the  iiregtdarity  of  these  streaks  had  nothing  whatever  to  do 
M^ith  the  phsenomenon  of  checking  rays  of  high  refrangibilitv 
and  admitting  others.  Sand- paper  scratches,  than  which 
nothing  can  be  more  irregular,  produced  the  effect,  and  that 
more  mtensely  as  the  surface  became  more  coarsely  and 
closely  furrowed.  Nay,  it  occurs  in  natural  tarnish,  where 
there  can  be  no  linear  arrangement  of  the  points  aifected. 
It  seemed  to  me,  therefore,  that  a  surface  covered  with  a 
metallic  powder,  presented  the  limit  of  a  grating  where  the 
interstices  were  not  required  to  have  any  regular  form. 

40.  The  next  difficulty  was  to  obtain  impalpable  powders 
indubitably  metallic,  to  which  I  attached  very  considerable 
importance,  for  it  was  quite  conceivable  that  the  metallic  sul- 
phurets  and  other  substances  employed  for  the  fictitious  me- 
tallic powders  called  gold,  silver,  ana  copper  bronzes,  might 
have  specific  diathermancies  which  might  injure  the  experi- 
ment. I  at  length  succeeded  in  obtaining  silver  by  precipi- 
tation, and  copper  from  Daniell's  battery;  and  with  some 
difficulty  I  procured  from  a  large  manufacturer  coinage  silver 
and  sold,  reduced  by  mechanical  trituration  to  a  perfectly 
impalpable  and  beautifully  metallic  powder.  These  expen- 
sive preparations  are  now  wholly  superseded  by  the  admirable 
fictitious  bronzes  in  use  in  the  arts.  These,  together  with 
metallic  copper-bronze,  perfectly  impalpable,  furnished  by 
the  same  individual,  and  a  much  coarser  tin  powder  used  by 
druggists,  formed  the  material  of  a  very  careful  series  of- ex- 
periments, which  I  extended  over  a  very  considerable  period, 
and  varied  in  a  great  many  ways.     (1840,  Jan.  28,  &c.) 

41  •  The  following  table  contains  the  results  of  my  experi- 
ments on  metallic  powders,  which  (with  the  exception  of  tin) 
may  be  considered  as  perfectly  impalpable,  adhering  to  the 
dry  finger,  and  undoubtedly  metallic. 
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Per-centage  of  Heat  from  different  Sources  transmitted  by 
Metallic  Powders. 


Locatelli  Lamp. 

h 

1 

Powder. 

,1 

1 

11^ 

Remarks. 

Gold,  No.  1.  (adhering -| 

toasinKlesurikcepf  • 

58 

••• 

505 

Mlt)    , 

Gold,  No.  2,  (betweeni 
two  salt  plates) 

7.4* 

••• 

••• 

41* 

Silver,  No.  1.  (between  1 
two  salt  plates) f 

SUver,  No.;  3.  (adhe- 
ring to  a  single  sur- 

25'3 

24*2 

•t* 

31-8 

... 

/Meanofacoosidenblc 
I    nuBbcr  of  fwuiu. 

face  of  salt)  

ftlie    mat*  plale    m 

1st  Series 

277 
295 

••• 

18-5 
221 

•  •. 

... 
25 

u«ed,    butdiArenUy; 

2nd  Series    

.    placed  In  mpcctorthe 
pile,  to  that  each  series. 

Copper,  No,   1,    (be- 

.standabyltaeli: 

tween  two  salt  plates) 

1st  Series 

14-8 

.•• 

160 

2nd  Series  

174 

••• 

... 

18-7 

17 

Copper,  No.  2.  (be-  1 
tween  two  salt  plates)  / 

5-6* 

••• 

... 

4-05* 

Tin  (between  two  saltl 
plates)    / 

a7*o 

26*0 

•*. 

25-5 

... 

/  ICeaa  of  a 'cfualdti^te 
1    number  of  results. 

42.  These  observations  are  confessedly  very  imperfect  I 
am  persuaded,  however,  that  the  apparent  anomalies  are  not 
errors  of  observation ;  other  instances  will  presently  occur. 
With  a  view  to  determine  the  quality  of  thickly  strewed 
surfaces  yielding  a  very  feeble  per-centage  of  transmitted 
heat,  it  was  desirable  to  use  an  intense  incident  beam.  In 
order,  however,  to  keep  the  comparison  within  the  range  of 
galvanometer  degrees,  whose  numerical  values  have  been 
tested  (Second  Series,  arts.  7-8),  the  observations  in  the 
preceding  table  marked  thus  ^  were  made  in  the  following 
manner.  The  direct  e£kct  of  the  incident  heat  on  the  pile 
was  never  observed,  but  only  that  part  of  it  which  penetrated 
the  wire-gauze.  No.  3  of  art.  33,  which  transmits  almost  ex- 
actly 80  per  cent,  of  every  kind  of  heat.  The  direct  effect 
was  estimated  at  ^^^  of  the  degrees  of  deviation  correspond- 
ing to  this  transmission,  and  Uien  the  wire-gauze  being  re- 
moved, and  the  medium  to  be  examined  substituted,  the  ef- 
fect was  compared  to  the  computed  direct  effect.  For  ex- 
ample, with  the  copper  powder.  No.  2,  the  effect  of  the  Lo- 

*  See  the  next  article  (4^.) 
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catelli  lamp,  heat  transmitted  through  thick  plate-glass,  and 
then  modified  by  wire^gauze,  was •.••••••.•••  22^*57 

Direct  effect  =  22-57  x  -3-     75  2 

Wire-gauze  removedi  and  copper  substituted   4*  *I5 

Ratio  to  direct     5*52  :  100. 
In  this  way  per-centages  may  be  obtained  with  very  nice  ac- 
curacy :  another  experiment  gave  in  the  same  case  5*60 :  ]00. 

4S.  The  table  in  art  41.  demonstrates  to  my  conviction 
(strengthened  by  a  careful  examination  of  the  very  consistent 
observations  on  which  it  is  founded),  (1.)  That  gold,  silver, 
and  tin  powders,  instead  of  having  the  property  wnich  I  was 
disposed  to  assign  to  opake  powders  generally,  do  really 
transmit  more  heat  of  high  than  of  low  temperature;  that 
is,  act  like  glass,  alum,  and  other  transparent  media  in  their 
common  state.  (2.)  With  respect  to  copper,  two  series  give 
one  result,  and  a  third  the  opposite.  Yet  all  of  these  were 
made  with  great  care,  atid  contain  internal  evidence  of  their 
accuracy.  I  am  confident  that  the  differences  are  not  due  to 
errors  of  observation ;  and  I  have  observed  other  cases,  in 
which  an  increase  of  thickness  of  the  obstructing  medium,  and 
an  increased  intensity  of  the  incident  heat,  gave  altered  re- 
sults as  to  permeability,  a  result  by  no  means  paradoxical, 
since  intense  heat  may  be  sensibly  transmittea  through  a 
nearly  opake  substance,  and  thence  acquire  a  new  character, 
which  a  feebler  beam,  transmitted  through  a  less  obstructing 
medium,  would  not  possess.  At  all  events,  I  can  offer  no 
further  explanation  at  present.  That  copper  possesses  a  pe- 
culiar character,  distinct  from  the  other  metals  which  I  tried, 
I  am  fully  persuaded. 

44'.  The  evidence  which  the  experiments  on  metallic  pow- 
ders gave  of  the  inadequacy  of  the  mere  pamderyform  to  pro- 
duce the  effect  of  smoke,  forced  me  to  a  more  critical  exami- 
nation of  other  bodies  in  a  similar  state. 

45.  I  repeated  my  experiments  with  increased  care  on  the 
powders  already  employed.  I  tried  a  great  number  of  new 
ones,  chosen  amongst  substances  differing  as  widely  in  na- 
ture as  possible.  Some  of  these  substances  were  repeatedly 
tried  in  different  specimens,  the  powder  more  or  less  thickly 
strewed,  and  at  different  times. 

46.  One  circumstance  in  particular  raised  a  doubt  as  to  the 
result  of  my  former  conclusion,  where  it  seemed  most  incon- 
trovertible. I  had  argued,  that  if  alum  in  powder  arrested 
equally  all  kinds  of  heat,  the  mechanical  action  of  the  powder 
must  have  opposed  and  destroyed  the  specific  action  of  the 
alum  (36.).  I  was  gradually,  however,  led  to  admit,  that,  in 
the  state  of  pormder^  most  diathermanous  bodies  are  almost 
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equally  opake^  or,  rather  perhaps,  I  should  say,  equally  in- 
different to  the  kind  of  incident  neat  (i.  e.  colourless  in  optics). 

47.  So  far  as  the  eye  could  judge  of  the  proportion  of  ob- 
stacles in  surfaces  strewed  with  different  kinds  of  powders, 
there  did  not  seem  any  very  marked  peculiarity  in  their  trans- 
parency for  heat.  A  surface  dusted  with  alum  or  citric  acid 
appeared  to  transmit  nearly  as  much  as  one  strewed  with 
powdered  rock-salt  Nor  could  this  arise  merely  from  the 
minute  thickness  of  the  substance,  which  is  well  known  to  pro- 
duce in  heat,  as  in  light,  an  approximation  to  a  colourless 
character ;  for  the  proportion  stopped  by  the  powder  was  al- 
ways a  large  fraction  (usually  from  |ths  to  i^ths)  of  the  inci- 
dent heat.  The  opacity,  then,  is  the  result  of  the  innume- 
rable reflexions  and  interferences  which  scatter  and  sii/le  the 
transmitted  heat;  and  this  is  almost  equally  effectually  done, 
whatever  be  the  nature  of  the  substance.  On  reflection, 
therefore,  this  general  result  does  not  appear  surprising.  I 
will  quote  one  experiment,  in  particular,  in  illustration  of  it 

48.  When  I  was  at  a  loss  to  procure  fine  metallic  fibres, 
I  thought  of  employing  a  diaphragm  irregularly  covered  with 
fine  threads  of  spun  glass,  with  a  view  (just  as  in  the  case  of 
the  alum  powder)  of  ascertaining  how  far  the  mechanical 
condition  of  the  class  might  mooiiy  its  well-known  qualities 
with  respect  to  the  transmission  of  heat  When  Locatelli 
lamp-heat,  having  been  transmitted  by  thick  plate-glass^  fell 
upon  the  spun-glass  fibres,  forming  an  irregularly  reticulated 
diaphragm,  no  more  than  47*5  per  cent  of  the  incident  heat 
was  transmitted.  Now,  we  know  perfectly  from  the  experi- 
ments of  De  la  Roche  and  Melloni,  that,  after  passing  through 
such  a  thickness  of  plate  glass,  an  additional  film,  the  thick- 
ness of  the  glass  fibres  used  would  produce  no  sensible  resist^ 
ance  to  the  further  passage  of  the  heat,  excepting  only  its  su- 
perficial reflexion.  The  loss  of  52*5  per  cent  of  the  heat 
was  therefore  due  to  the  scattet^ing  and  sti/ling  of  heat  by  re- 
flexion at  the  surfaces  of  the  fibres,  refraction  through  their 
cylindric  surfaces,  and  interference.  We  cannot,  therefore, 
be  surprised,  if  the  refracted  part  of  the  heat  reaching  the 
pile  (the  only  portion  very  materially  affected  by  the  nature 
of  the  medium)  should  not  greatly  alter  the  quantity  of  differ- 
ent sorts  of  heat  indicated  by  the  galvanometer.  Accordingly, 
we  find,  that  heat  from  a  dark  surface  of  brass  warmed  by  an 
alcohol  lamp,  had  44  per  cent  transmitted  under  the  same  cir- 
cumstances ;  and  even  hot  water  had  42  per  cent.,  although  a 
small  thickness  of  glass  is  sensibly  opake  for  that  kind  of  heat 

49.  If  this  be  the  case, — if  the  differences  be  so  trifling— 
for  a  reticulation  of  regularly- formed,  transparent,  and  po- 
lished threads  of  glass,  much  more  must  it  hold  with  impal- 
pable crystalline  or  other  powders,  presenting  (no  doubt)  mi- 
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nute  surfaces  at  every  angle,  and  minute  fissures  in  every  di« 
rection. 

50.  The  following  table  contains  the  results  of  a  large 
number  of  experiments  on  powders  of  various  kinds,  many  of 
them  repeated  under  various  circumstances.  The  investiga* 
lion  is,  as  in  the  case  of  the  metallic  powders,  confessedly 
imperfect;  but  since  the  broad  simple  principle  which  I  at 
first  tried  to  establish  respecting  the  diathermanous  quality 
of  opake  powders  does  not  appear  to  hold  imiversally,  I 
stopped  this  series  of  experiments,  which  were  troublesome 
and  laborious,  after  establishing  a  few  general  facts,  which  I 
^ill  presentiv  lay  down,  without  attempting  to  exhaust  a  sub^ 
ject,  of  which,  by  and  by,  we  shall  no  doubt  know  more,  but 
which  at  present  it  would  be  perhaps  a  waste  of  time  to  pursue 
into  its  insulated  details.  These  powders  were  in  all  cases  dusted 
between  polished  salt-plates,  united  at  the  edges,  and  then  at* 
tacbed  to  diaphragms  of  card,  so  arranged  as  to  transmit  the 
beat  in  every  case  through  the  same  parts  of  the  surface. 
Per-centage  of  Transmission  of  Heat,  from  different  sources, 
through  Non-metallic*  Powders. 


Powder  of 


Alum,  No.  1 

No.  2 

Citric  acid^  No.  1 

No.S?. 

Kock-salt,  No.  1 

No.  2 

Sulphur  

Red4ead 

Galena 

Charcoal  A 

. No.  1.  1st  Series §.,. 

■2nd  Series^... 


No.  2., 


Chalk,  No.  1. 

No.  2 

No.  3 

Carbonate  of  magnesia 


Source  of  Heat. 


Locatelli  Lamp 


Through 
Glass. 


Through 
Smoked  Salt. 


170 
IS^* 
29 

12-9* 
128*  134 
31-5: 
500 
30-2 
26-3 

5|| 
11-4 
15-1 

3-2* 
30-5 
15-5*  15-6 
27-5 

8-3 


30 

i'i-8 

22-4 
i'3-9 

1*8-4 
i2-6 


Dark 
Hot  Br«». 


17-1 

130» 

33  t 

87* 
11-3 

44-7 
340 

"9   il 

i*60 
3-5* 
34-5 

17-9 
320 


Hot 
Water. 


31-5 


17 


*  The  observations  marked  thus  were  made  with  a  powerful  beam 
of  heat  in  the  way  described  in  art.  42.  f  Not  directly  comparable 

with  the  other  two  observations  on  the  same  line,  and  probably  3  or  4 
per  cent,  too  high.  %  Extremely  good  observations. 

II  The  intensities  very  feeble.  §  The  circumstances  in  these 
two  series  varied,  so  as  to  make  the  one  not  directly  comparable  with 
the  other ;  but  each  is  perfectly  good. 


•  By  non'metallic  is  meant,  not  in  the  state  of  tipur^  or  uncombined  metal. 
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51.  On  the  preceding  table,  I  would  observe,  (1.)  That  the 
pulverized  crystalline  bodies,  such  as  rock-salt,  alum,  citric 
acid,  and  sulphur,  exhibit  no  decided  tendenqr  to  transmit 
an  excess  of  heat  of  low  temperature,  depending  on  their 
powdery  form.  The  carefully  repeated  experiment  with 
rock-salt  is,  on  this  point,  very  conclusive,  since  its  indiffer- 
ence as  a  substance  to  the  quality  of  the  heat  which  it  transmits 
would  at  once  leave  the  effect,  if  anv,  due  to  mechanical  con- 
dition, apparent.  It  even  very  evidently  appears  in  this  state 
to  transmit  less  freely  heat  of  low  than  heat  of  high  tempera- 
ture. (2.)  Galena,  the  crystallized  sulphuret  of  lead,  in  fine 
powder,  appears  to  possess  the  qualities  of  gold,  silver,  and 
tin  (43.)«  (S.)  Red  lead,  charcoal,  chalk  and  magnesia,  all 
substances  in  ah  opake  earthy  condition,  appear  certainly  to 
transmit  an  excess  of  dark  heat.  I  think  it  probable  that  this 
list  might  be  extended  to  most  bodies  having  a  similar  me- 
chanical constitution. 

53.  These  distinctions,  I  am  well  aware,  leave  the  causes 
of  the  difference  of  character  of  powders,  and  the  peculiarities 
of  tarnished  surfaces,  nearly  in  the  same  obscurity  as  before. 
In  particular,  I  cannot  but  regard  it  as  being  singular,  that  a 
surface  covered  with  powdered  salt  has  no  analogy,  but  even 
opposite  properties,  to  one  of  the  same  material  mechanically 
furrowed*.  The  contrariety  of  action  of  metallic  powders 
to  those  of  opake  earths,  is  as  singular  as  it  was  unexpected. 
I  have  already  stated,  however,  my  doubt  whether  a  complete 
investigation  of  the  peculiarities  of  specific  substances  would, 
at  present^  reward  the  necessary  labour.  I  have  made  expe- 
riments on  a  few  fibrous  substances,  as  paper  and  membrane, 
which  I  thought  might  very  probably  act  as  tarnished  sur- 
faces do.  There  is  an  approximation  to  this,  as  will  be  seen, 
in  the  common  cambric  or  tissue  paper.  In  the  kind  of 
tracing  paper  employed  (which  is  made  in  Paris,  I  believe, 
under  the  name  of  papier  v^getal)^  there  is  evidently  some 
foreign  matter  introduced  to  produce  the  transparency,  which 
modifies  the  transmission.  A  close  reticulation  of  cotton 
fibres  has  already  been  shown  to  exercise  no  specific  action 
(34.)-  The  following  table  contains  a  few  results  not  in- 
cluded in  preceding  ones,  and  illustrating  in  several  sub- 
stances the  quality  of  heat-colotir^  which  in  this  paper  we  have 
been  considering. 

*  To  put  this  in  the  most  clear  point  of  view,  I  used  and  compared  two 
5uch  plates  in  the  fame  experiment. 
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Per-centage  of  Heat  transmitted  by  several  Bodies. 


Substance. 

Source  of  Heat. 

LoeatelllLamp, 
witb  QUm. 

DBrkHot 
Brm. 

Hot  Water. 

Gold-beater^s  skin 

60 
86 
36 
47-5 
30-2 
49 

49*5 

28 

10-6 

28 

44 

58 

73 

73 

••• 

42 
67 
76 

77 

Cambric  or  tissue  paper 

Tracing^  paper  {Papier  vSgiial) 
Fibres  otsoun  class ••••. 

Smoked  salt.... 

Rmiffhenerl  SAlt    

Polished  salt,  scored  into  \ 
fmxfiW  squares  per  inch  J 

54.  The  leading  facts  contained  in  this  paper  are  these : — 

55.  L  The  peculiar  {jred-liJce)  character  of  films  of  smoke  in 
transmitting  heat  of  low  temperature  is  partaken,— 

A.  By  simple  powder  of  charcoal. 

B.  By  (at  least  some)  other  dull  earthy  powders. 

C.  By  surfaces  simply  duU  or  devoid  of  polish. 

D.  By  surfaces  irregularly  furrowed,  as  with  emery  or 
sand-paper. 

E.  By  polished  surfaces,  on  which  fine  distinct  lines  hav^ 
been  drawn. 

F.  By  the  mechanical  lamination  of  transparent  mica, 
which,  as  a  continuous  medium,  possesses  opposite  properties. 

56.  11.  The  following  media  seem  indiffereitt  to  the  kind 
of  heat  which  they  transmit : — 

A.  The  thinnest  gold-leaf  is  impervious  to  anjr. 

B.  Metallic  gratings  transmit  all  kinds  of  heat  in  a  propor- 
tion which  is  probably  exactly  as  the  area  of  the  interstices 
which  they  present. 

C.  Thread-gratings. 

D.  In  a  state  of  powder,  most  crystalline  bodies  approach 
to  a  condition  of  opacity  for  heat. 

57.  III.  The  following  bodies,  in  addition  [to  those  com- 
monly known,  transmit  most  heat  of  high  temperature  (v/o^/- 
like  heat). 

A.  Several  pure  metallic  powders. 

B.  Rock-salt  in  powder ;  and  many  other  powders. 

C.  Animal  membrane. 

58.  IV.  Heat  of  low  temperature  is  most  regularly  re- 
flected at  imperfectly  polished  surfaces.  It  is  also,  we  have 
seen,  most  regularly  transmitted.  These  facts  are  of  great 
importance  to  the  theory  of  heat;  and  may  probably  sug- 
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gest  inquiries  of  no  small  interest  with  regard  to  light,  and 
espe<iiaily  the  phaenomena  of  absorption. 

59.  We  have  already  (24.)  noticed  the  analogy  which  the 
fact  stated  in  the  last  article  bears  to  the  easier  reflexion  of 
red  than  violet  light  from  depolished  surfaces,  and  in  that 
fact  we  find  a  confirmation  of  the  application  of  the  undula- 
tory  doctrine  to  heat,  and  of  the  opinion  that  the  waves  pro- 
ducing heat  are  longer  in  proportion  as  the  temperature  of 
the  source  is  less.  The  phaenomena  of  transmission  are  more 
obscure ;  they  may  be  compared  either  to  die  diffraction,  or 
to  the  absorption,  of  light. 

60.  The  action  of  Tines  on  polished  surfaces,  similar  to 
those  used  in  many  diffraction  experiments,  led  to  the  in- 
quiry (31.)  whether  the  mean  colour  of  light  transmitted  by 
gratings  was  necessarily  unchanged  ?  The  question  does  nut 
seem  to  have  occurred  to  any  one  to  whom  I  have  mentioned 
it;  and  though  the  most  likely  result  would  seem  to  be,  that 
there  should  be  no  change,  the  grounds  of  such  an  a  priori 
opinion  do  not  appear  absolutely  conclusive.  Professor  Kel- 
land,  however,  has,  I  believe,  first  succeeded  in  integrating 
the  expression  for  the  illumination  of  a  screen  placed  behind 
R  grating  of  any  kind  (see  Airy's  Mathematical  Tracts,  page 
328)  on  which  a  plane  wave  falls,  and  he  informs  me,  that  in 
every  case  where  the  breadth  of  the  interstices  is  any  multiple 
of  the  breadth  of  the  wires  or  opake  spaces,  the  intensity  is 
the  same  as  if  there  were  a  diaphragm  equal  in  size  to  the  sum 
of  the  interstices  of  the  grating. 

61.  This  result  (which  seems  quite  sufiiciently  general  for 
oiir  purpose)  is  so  far  confirmed  by  the  absolute  indifference 
of  metallic  gratings  to  the  quality  or  the  incident  heat. 

62.  It  remains,  however,  to  be  explained  how  furrowed 
surfaces  can  act,  except  by  intercepting,  as  an  opake  network 
would  do,  a  part  of  the  heat.  I  cannot  give  an  explanation 
which  appears  full  and  satisfactory,  but  the  condition  of  mica 
split  into  thin  laminss  by  heat,  and  producing  the  same  effect, 
may  serve  to  guide  us,  perhaps,  to  something  like  the  true 
cause. 

63.  A  number  of  thin  plates,  of  exactly  uniform  thickness, 
would  transmit  a  certain  colour,  and  refiect  the  complement- 
ary one.  If  there  be  a  great  preponderance  of  plates  approxi- 
mating to  a  certain  thicKness,  and  if  the  disproportion  of  the 
lengths  of  the  incident  waves  be  great,  a  large  proportion  will 
be  in  like  manner  transmitted,  and  the  remainder  stifie<I  or 
reflected.  If  this  effect  is  not  so  frequently  observed  in  bodies 
mechanically  separated  into  films  as  we  might  expect,  this  is 
owing  to  the  small  range  of  length  of  wave  in  the  visible  parts 
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of  the  spectrum.  A  small  variation  in  the  thickness  of  the 
film  transmits  or  annihilates  by  interference  each  colour  of 
the  spectrum  in  succession.  If  the  waves  of  heat  be  much 
more  heterogeneous  (as  I  have  already  surmised)  than  those 
of  light,  such  effects  would  be  proportionably  more  sensible. 

64*.  Possibly  a  grooved  surface  may  be  considered  as  pre- 
senting a  number  of  polished  surfaces,  partially  detached  from 
the  general  surface,  under  small  obliquities  to  the  incident 
rays ;  and  we  may  suppose  that  these  ravs,  afler  separation 
by  partial  reflexion  and  refraction,  reunite  with  unequal  re- 
tardations, producing^r^/  a  destructive  effect  upon  the  shorter 
waves,  and  suffering  the  others  to  persevere,  I  have  already 
adverted  to  the  fact,  that  most  turbid  fluids  transmit  chiefly 
the  longer  luminous  waves*  I  offer  these,  however,  but  as 
vague  conjectures  upon  a  very  obscure  subject.  I  think  that 
experiments  on  the  colour  of  media,  such  as  those  we  have 
employed,  and  especially  of  depolished  plates,  might  not  be 
without  value  in  illustrating  the  phaenomena  of  absorption  in 
optics.  __ 

65.  In  conclusion,  it  might  perhaps  be  expected  that  I 
should  take  some  notice  of  the  experiments  and  reasonings  of 
which  M.  Melloni  has  addressed  an  account  to  M.  Arago,  in 
two  letters  dated  the  4th  and  14th  of  March  last,  and  pub- 
lished in  ibt  Comptes  Rendus  for  the  SOth  of  the  same  month. 
These  letters  were  occasioned  by  the  announcement  of  my 
Researches,  in  the  same  work,  for  the  6th  of  January.  The 
present  paper,  founded  solely  upon  experiments  undertaken 
and  completed  before  the  despatch  of  the  earliest  of  M.  Mel- 
loni's  communications,  will,  I  think,  sufficiently  answer  all 
the  questions  which  are  started  in  his  letters  to  M.  Arago,  at 
least  all  those  in  which  my  experiments  are  concerned. 

May  n,  1840. 

XXII.  On  a  neao  Theorem  in  the  Calculus  of  Finite  Differences^ 
with  its  Application  to  the  Developjnent  of  the  Cosine  of  a 
Multiple  Arc  in  descefiding  Powers  of  the  Cosine  of  the  Simple 
Arc.  By  James  Booth,  M.A,,  Principal  of  and  Professor 
of  Mathematics  in  Bristol  College*. 

'T^HERE  is  perhaps  no  problem  in  pure  mathematics  which 
^  has  given  rise  to  more  discussion  than  the  development 
of  the  cosine  of  a  multiple  arc  in  descending  powers  of  the 
cosine  of  the  simple  arc.  While  Euler  and  Lagran^e^  on  the 
one  hand,  have  evolved  coincident  results  by  mewods  very 

*  Commuivicated  by  the  Author. 
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different)  so  Poinsot,  on  the  other,  having  shown  Uiat  the 
methods  pursued  were  fallacious,  and  the  results  themselves 
false^  has  given  the  true  development  by  a  method  complex 
in  the  extreme,  founded  on  the  principles  of  a  higher  analysis 
than  is  generally  introduced  into  such  investigations* 

It  appears  somewhat  strange,  that  even  since  the  correct 
series  has  been  given,  the  erroneous  developments  should 
have  been  retained  in  some  recent  publications  on  the  subject. 

In  the  following  pages  the  method  pursued  will  be  found 
different  from  those  generally  adopted  in  the  investigation, 
no  principles  being  assumed  beyond  such  as  ma^  be  deduced 
from  elementary  algebra ;  while  the  method  of  determining 
the  coefficients  of  the  expansion,  by  the  aid  of  the  fundamental 
theorem  first  established,  will,  it  is  hoped,  be  considerai 
simple. 

Let  a,  6,  c,  d  •  •  •  r  be  any  m  numbers,  positive  or  negative, 
integral  or  fractional^  or  even  imaginary,  m  being  less  than  the 
integer  ti,  and  h  being  any  finite  number  whatsoever,  then  we 
shall  have  the  followmg  theorem : — 

0  =  {fl,6,c,d..i}  ^n{{a'^  h)  (6— A)  (c  —  h) . ..}         ^ 

{(a-SA)  (i-SA)  (c  — SA)  . ...}  &c.  &c. 

or,  separating  the  symbols  of  operation  from  those  of  quantity, 
we  may  write  the  theorem  thus  :^ 

0=(l-iri;[(a-iA)(6-fA)(e?-./AM/-.i*)], 

the  symbol  I^  denoting  the  sum  of  all  the  values  which  the 
quantity  within  the  brackets  takes,  when  i  is  made  to  assume 
every  integral  value  from  0  to  n  inclusive. 

This  theorem  may  be  proved  as  follows :  Let  the  sum  of 
the  series  (I.)  be  =  V,  assume  the  arbitrary  quantity  k  a  mul- 
tiple of  A,  and  let  a,  /3,  y,  S .  • .  ^  be  the  differences  of  the  m  num- 
bers a,  bf  c,  d..J  and  A-,  so  that  a^^k^a^  bs^k-^p,  c^k—y^ 
dssk^i^.^.l  szk  ^  ><f  then  we  shall  have  the  equivalent  ex- 
pressions 

{a,&,c,d-..Z}  =  r  +  AA*-VB*"-^ M*  +  N. 

In  the  same  way,  if  A'  s=  ^  —  A,  we  shall  have 

(a^A)(&-A)(c-A)...  =  A'-*  +  AA'"-^  +  B*^"^..MA'+N. 
Again,  let  A"  s  A  —  2  A,  and  we  find 

(d  -2A)  (ft  -  2A)  (c  -  2 A)  ..••..  «  *""  +  A  A^'""^ 
+  BA""*-^ MA"  +  N. 


Digitized 


by  Google 


Cakulm  of  Finite  Diffdrencei,  1 29 


1  23 


+  S|n^^n(n-I)t  +  ^'J'^    ^(n-^2)' 


w,w  —  1  .«  —  2 


1  23 


(n-3)o }. 


»  .  w  —  1  . «  —  2 


12  3 

The  quantities  between  the  brackets  in  the  common  notation 
are  thus  written:  A"  0"*,  A"  0'»-\  A"  0'"''^  which  are  each 

cypher  when  n  is  greater  than  m ;  hence  A**  ^    =0  when 
n  :>-  m. 

The  theorem  A"  O"*  =  0,  or  its  development, 


1-23 ("-^>   =° 


(III.) 


may  be  proved  by  the  common  principles  of  algebra  as  follows : 
Assume  j:  s  s  —  ),  raising  both  sides  of  this  equivalence  to 
the  nth  power,  we  have 

„       n          «-l      11.71—  1    «-2       w.n— l.w  — 2    «-3     ft, 
x^z-^nz       +— y-g-^ jY3 ""       '  *'^' 

Let  the  first  derivative  of  this  equivalence  be  taken,  or,  in 
other  words,  let  the  equivalence  x  ^  %  —  I  be  raised  to  the 
(ii  — 1)  power,  and  then  multiplied  by  fi,  we  thus  find 

no:        =Wj2r        —  M{n— l)z        +  p^ ^       ,&c. 

1  £ 

Multiplying  this  series  by  the  equivalence  or  +  1  =  2:,  we 
obtain 

nx"4-Mx"-^«n:K"-n(/i-l)a""^+?^^J^(w-2)z''-^^ 

Again,  taking  the  first  derivative  of  this  series,  and  multiply- 
ing by  X  +  1  ss  2^  there  results  the  equivalence 
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M,  N,  and  h  are  finite,  all  the  terms  of  the  above  series  are 
separately  equal  to  zero,  or 

V  =  0. 

It  is  clear  that,  whatever  be  the  nature  of  the  numbers  a,  b,e,Jl 
and  h,  we  may  assume  the  arbitrary  number  A,  so  that  u 
may  be  an  integer. 

The  theorem  A"  (m  —  «)"'  =  0  may  be  reduced  to  another 
more  simple,  as  follows :  let  «  =  *  +  n,  then  A"  (m  —  n)" 
zrA'x"';  but 

n.n-  1.W-2.&C J 

12  3 

(^Lacroix.  tom.  iii.  p.  9.) 

developing  these  powers  in  the  following  manner : — 
(X  +  «)"  =  n"  +  P«"-'  +  Qn"-* Sn  +  T 

(^  +  „  _  1)"  =  („  -!)"•  +  ?  («  -  1)"-* 

+  Q  («  -  1)""* S  (n  -  1)  +  T. 


P,  Q,  S,  T  being  functions  of  x  and  m.    Substituting  these 
values  of  {x  +  n)",  (x  +  w  -  1)",  &c.  in  (II.),  we  find 

A'x"  =  «"  +  Pn"'-'  +  Qn"-^..S»  +  T 
-n  {(«-!)'"  + P(n-ir-*  +  Q(n-l)"-*....S(n-l)  +  T 

+  ?il^^(„_2)"  +  P(«-2r-> 

-f  Q  (n  -  2)"'"'...S  (n  -  2)  +  T,  &c.  &c.  &c. 
Now,  adding  vertically,  we  obtaui 
A"  *"•=-[«"'  -  n  (n  -  1)"+  "-""^  {«  -  2r 


+  p{«'--«(«-ir-'+^-^(n-2r 
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+  Q  {«-«  -  n  («  -  1)-*  +  *^^^  («  -  2)"-* 
n .  M  —  1  .  M  —  2  ,        o\»-8         0,^  1 


(m  -  S)» . . .,  &cA 


«.n  —  1  .n  —  2 


1  23 


».n— l.n  —  2,        ..„        ~l 

The  quantities  between  the  brackets  in  the  common  notation 

are  thus  written:  A"  0"*,  A"  ^'"■"\  A"  0'"''^  whicli  are  each 

cypher  when  n  is  greater  than  m ;  hence  A"  ^    =0  when 
n  •>-  m. 

The  theorem  A"  O"*  =  0,  or  its  development, 


„'»_„(„_l)"+l:^(„_2)" 
1-23 ("-^)   =« 


(III.) 


may  be  proved  by  tlie  common  principles  of  algebra  as  Follows : 
Assume  x  =  2  —  ),  raising  both  sides  of  this  equivalence  to 
the  nth  power,  we  have 

;r=z-n^       +— pg— ^ YYl ^       ^^'^^ 

Let  the  first  derivative  of  this  equivalence  be  taken,  or,  in 
other  words,  let  the  equivalence  x  ^  %  —  \  be  raised  to  the 
(n— 1)  power,  and  then  multiplied  by  n,  we  thus  find 

no:       =^nz        —  M{n— l)z       +  r-5 z      »&c. 

Multiplying  this  series  by  the  equivalence  or  +  1  =  2:,  we 
obtain 

Again,  taking  the  first  derivative  of  this  series,  and  multiply- 
ing by  X  +  1  =  2?,  there  results  the  equivalence 
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n«*"+n(2n-.l)*""Vn.n-l.*"-'»»«*"-n(n-l)»z"~* 

Performing  the  same  operations  m  times  successively,  we  find 
A*"  +  nBx"~'+n.n-lCx"~*...-f-»(n-l)...(«-m  +  2) 
P x""""*"*  +  tt  (n  -  1)  (n -  2) (n  -m  +  !)«""" 

A  B  C...P  being  functions  of  «• 

Now  let  js  =  1,  or  ^  sa  0,  and  the  first  member  of  the  last 
equation  becomes  a  series  of  positive  powers  of  0,  multiplied 
by  constant  finite  coefficients,  and  therefore  each  term  of  the 
first  member  is  equal  to  zero*  Hence  the  second  member 
becomes  also  zero,  or 

0  =  ^--n  («  -  1)"  +  ^^^  (11-2)",  &c. 

Let  m^  n,  then  all  the  terms  of  the  first  member  of  equation 
(IV.)  vanish,  as  before,  except  the  last,  audit  becomes n  (n— 1) 
(n  -  8)...2  .l.QPy  but  0^  »  1-     Hence 

123(n--l)n  =  n"-n(n--ir  +  i?^y^^  («-"2): 

From  these  principles  it  follows  that  if  n  be  an  improper  frac- 
tion  greater  than  the  integer  m,  that  the  series  (III.)  continued 
to  infinity  is  equal  to  zero. 

In  the  general  theorem  (I.)  let  a  =  n  —  1,  J  =  n  —2,  c  =  » 
—3 /  as  (n— /  +1),  A  as  1,  and  n=  /,  then 

(«-l)  (n-2)...(n-/+l)-q(n-2)  (n-3)..,(n-0}  1  „ 

This  theorem  will  be  found  useful  further  on. 

Tb develope  a?*+ a?"""  in  descending -jnyooers  qf\x  +  x^  ). 

Put  X  '\-  x'^    =  ^,  and  assume  the  series 

^••  +  ^"''=A;?"  +  Bz"-"VCz''-SDz'*-^...&c.&c.  (VI.) 

The  following  considerations  will  show  that  the  assumption 
of  the  development  in  this  form  is  correct;  for,  in  the  first 
place,  if  n  is  an  odd  number,  and  x  is  changed  into  ^x^  i 
will  be  changed  into  ->  z\  and  the  first  member  of  (VL)  r^ 
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tains  its  value^  changing  its  sign.  Hence  all  the  powers  of « 
in  the  second  member  of  (VI.)  are  odd,  or  the  index  n  is 
diminished  by  even  numbers. 

Again,  when  n  is  an  even  number,  and  x  is  changed  into 
— J7,  z  is  changed  into— «?;  and  the  first  member  of  (VL)  re- 
maining unaltered,  the  second  can  contain  only  even  powers 
of  Zy  or  n  is  diminished  by  even  numbers. 

The  developmetU  qfx^  +  ^""^  in  powers  qf(a+x  J  orzf 
can  contain  no  negative  pofooers  qf«. 

For  if  it  were  possible  that  the  development  should  contain 
such  powers,  put  ^  =  V^  —  1,  then  «  =  0,  and  the  first  member 
of  (VI.)  becomes  +  2  when  n  is  divisible  by  4,  —  2  when  n 
is  divisible  by  2,  and  not  by  4,  and  zero  when  n  is  odd,  while 
the  second  member  becomes  infinite,  as  having  positive  powers 
of  zero  in  the  denominator. 

Hence  it  follows  that  when  n  is  even,  the  coefficient  of  z^ 
is  +2 ;  for  by  putting  «  =  0,  all  the  terms  of  the  development 
vanish,  except  the  one  containing  »%  while  the  first  member 
of  the  equation  (VI.)  becomes  +  2, 

Wlien  n  is  a  fraction  =  — ,  the  development  (VL)  becomes 

*       i  --!-      -I 

impossible.    To  show  this,  put  a?y=y,  a?     9=^     ;   then 

1  £         -JE.        p        _„ 

puttingy  ■\-  y     =i/,  ^^-fx    «  =  y-f^' 

by  ( VL),  since  pisvk  positive  integer  number,  and  P,  Q,  R 
are  functions  of  j7,  as  will  be  shown  further  on.  ^ 

We  must  now  substitute  for  the  powers  of  ti,  in  the  last  de- 
velopment, their  values  in  terms  of  z^ 

now  «  =  y  4-  y ■"*. 


Hence 


or 


.=,+3,-.4r(>+\A^)' 
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or  developing 

w  =  «^{S  +T;?"^+  U «""*...  &c.}. 

Hence  the  development  of  a?  7  •\x  y  in  }>owers  of  (jp+«  ) 
or  z^  will  necessarily  contain  negative  powers  of  2r,  which  has 
been  just  shown  to  be  impossible. 

To  determine  the  coefficients  A,  B,  C,  &c.  in  the  develop- 
ment (VI.)- 

As  j?  =  ^  +  ^"^  »  we  find  by  the  binomial  theorem, 

z      ma?  -fna?       H t-t; — *       + r"^"5 ^      »  ^^ 


12  3 


;r"-^ 


a?       +  (n — 2)0?       + r-g a?       ,  «c- 

«"-^=  ^""^+  {«-4)  ^""'•.  &c. 

Substituting  for  the  powers  of  jr  in  (VI.)  their  developments 
here  given,  and  bringing  over  the  terms  on  the  lelt-hand  side 
of  the  equation,  we  get 

+     •    •    .    D  \*"""^—/' 

Now  the  coefficients  of  the  powers  of  x  in  this  development 
are  separately  equal  to  cypher ;  and  it  is  easy  to  show  that  the 

coefficient  of  j*""  '  or  of  the  general  term,  in  this  develop- 
ment, is 

K.n.n^X  .yi-2.,.(w-/4- 1)        B.«-2  .  n--3. ..  (w—  / 
12  3.../  "^  123...(r-l) 

,  C.w— 4.71— 5.,.(n-/-l)       D.yi>-6...(;i-/-2) 
■^  123. ..(/-2)  ■*"         12. ..(/-3)        *''• 

But  this  coefficient  of  a?""^'  may  be  thus  written. 
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+  ^'.(»-S)(«-3)...(«-/)+  ^^V^3) 


1S3 


<-'-<-'-'>-^^fei!S-'(-*)- 


(«-/-2)&c.  &C.T 


}  (VII.) 


Now  the  part  of  this  series  within  the  brackets  is  manifestly 
the  same  as  (V.);  comparing  then  the  two  series,  term  by 
term,  we  find 

A  =  l,  B=-«,       C  =  ?Ll±=L?^ 
I^_      n,n— d'.CT— 5     „!!•«— 5.11— 6.11— 7    «      « 


123 


and  the  coefficient  of*""     is 

.  n(n  ^  /  -^  1)  (n  -  /  -  2)„,(n- 2  /  +  1) 

"^  1 2  3 ^  •    •  ^^^**-; 

When  2  /  =  »,  the  coefficient  of  z^  becomes  +  2,  as  was  shown 
above. 

When  n  is  odd,  the  coefficient  of  x  is  found  by  putting 
2  /  a»  »  —  1  in  the  general  formula  (VIII.),  when  it  becomes 
±«- 

We  have  now  shown  that 

ar+ar  s^r— n^r  +  — y-g — 5f  %m&c.  .  (IX.) 
or,  as  it  may  be  more  compendiously  written, 

L  ~    '   I  1  2  3.../^*'  J  J 

Attributing  to  t  all  integer  values  from  unity  up  to  —  in- 

elusive. 

To  deoelope  the  cosine  qfn  A  in  descending  'pctmers  of  cos  t. 

Assume  2  cos  0  =  ^  +  ^~  1  then  it  may  he  easily  shown 
that  2  cos  n  0  =  ^"+  a?"**.  Substituting  in  (IX.),  2  cos  m  0 
for  J?"  4"  *"",  2  cos  A  for  »,  and  dividing  the  whole  equation  by 
2", we  find 
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COS-"*  =  co8"9  -  »c<m""'<  .  >»'«-3  cos"~^i 
2"-'  12'     +      12     '       2^        v..(x.) 

ii.ii  —  4.n  —  5  cob""  > 
■"  123  '      2^ 

The  expansion  of  cos  n  0,  in  powers  of  cos  t,  fails  when  n  is 

either  negative  or  fractional,  as  ^'*+j?~*'*  cannot  be  expanded 
in  those  cases  in  powers  oSz.  It  is  also  clear  that  the  expan- 
sion can  contain  no  negative  powers  of  cos  A,  as  negative 

powers  of  X  cannot  appear  in  the  development  oix^'{-$r^. 

To  expand  sin  n  A  in  powers  of  sin  9. 

The  investigation  of  this  dev^opment  must  be  divided  into 
two  cases,  as  n  is  odd  or  even.     First  let  n  be  odd. 

Puts  s  .-;•—  ^,  then  ni  s  -^"-  n  <>,  cosnS  si  sin  n^ 

2  2 

and  cos  0  =  sin  <^. 
Making  these  substitutions  in  (X.)}  we  find 

sin»*       .  «^      n  sin"""^*     »•»— Ssin^'^if        o       ,-.. . 
^=sm*-y— ^5-  +  -j^^ ^...&c{XL) 

Again,  when  n  is  even 
Differentiating  (X.)^  And  dividing  hy  ndi^  we  find 


sin  « J        .    -  rcos''"^^      n  —  2  cos*   ^tf 
»  —  3  .  n  —  i  cos"*^^ 


(XII.) 


12  2*      ' 

Now  let  S  =  —  —  4>,  then  sin  n  J  =  +  sin  n  4>,  sin  tf  =  cos  ^ 

cos9  =  sin<^.    Making  these  substitutions  in  (XII.),  there 
results 

—  sin  w^  ^  rsin""^^      n  —  2  sin"*^A 

n  —  3  .  n  —  4  sin**^^^ 
■^  \2  2^' 

the  upper  sign  being  taken  when  n  is  divisible  by  4,  if  other- 
wise, the  lower. 
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XXIII.  On  the  Formation  of  the  Cumulus  Cloud.  By  Thomas 

Hopkins,  Esq.* 
TN  the  Bummer  of  last  year,  1839, 1  went  to  the  top  of  Snow- 
^  don,  and  found  the  whole  of  the  mountain  covered  with 
a  thick  mist  or  cloud.  While  descending  from  the  upper  part 
of  it,  about  two  o'clock  in  the  afternoon,  I  looked  back  and 
observed  the  summit  quite  free  from  cloud;  In  June  last  I 
again  ascended  the  mountain,  and  again  found  it  enveloped  in 
the  same  kind  of  thick  mist ;  but  remembering  that  on  my 
previous  visit  the  mist  had  cleared  away  in  the  afternoon,  I 
resolved  to  wait  on  the  top.  About  two  o'clock  in  the  after* 
noon  the  mist  began  to  break,  driving  along  from  the  south- 
west and  passing  round  the  summit  of  the  mountain.  The 
wind  was  moderate,  and  the  mist  for  some  time  concealed  the 
country  below  to  the  north  and  the  east ;  it,  however,  in  a 
short  time  disappeared,  and  left  the  country  open  to  view* 

Towards  the  end  of  August  I  was  at  New  Brighton  and 
Waterloo  near  Liverpool,  when  the  wind  was  also  moderate 
and  generally  from  the  south,  south-west,  or  west,  and  I  made 
use  of  the  opportunity  which  then  presented  itself,  to  notice  the 
appearances  of  the  clouds,  and  took  notes  at  the  time,  of  which 
the  following  are  a  sample  :— 

^^  New  Brighton^  Aug.  26,  1840, — At  six  in  the  morning  a 
slight  wind  from  the  west;  the  sea  covered  with  a  darkish  cloud, 
apparently  resting  on  the  water ;  the  land  also  covered  with  low 
cloud,  but  it  was  less  heavy  than  that  over  the  sea.  As  the  sun 
rose  In  the  heavens  the  lower  portion  of  the  thick  cloud  disap- 
peared from  the  part  immediately  over  the  sea,  and  cumulus 
clouds  formed  over  the  land,  apparently  near  to  the  two  chains 
of  the  Lancashire  and  Welsh  mountains.  These  increased  in 
size  from  about  nine  o'clock  in  the  morning  until  one  in  the 
afternoon,  and  became  fine  massive  clouds.  There  being  a 
slight  breeze  from  the  west  they  slowly  floated  eastward,  where 
they  assumed  a  darker  appearance.  Other  cumuli,  which 
during  the  afternoon  remained  over  die  sea,  rose  higher  in 
the  atmosphere,  and  the  tops  gradually  wasted  away,  the  whole 
mass  becoming  elongated,  and  looking  like  large  fish  floating 
in  the  air.  As  the  sun  went  down  in  the  west  these  clouds  be- 
came more  like  dark  lines,  and  when  the  sun  had  set  the  sky 
soon  became  clear,  and  the  stars  shone  out  brightly/' 

For  a  fortnight  afterwards  the  weather  was  similar  in  its 
general  character,  and  it  may  be  described  as  follows: — At 
sun- rise  a  thick  mist  rested  on  the  Irish  Sea,  so  as  to  conceal 

•  Communicated  by  the  Author ;  having  been  read  before  the  Literarj- 
and  Philosophical  Society  of  Manchester  in  1840. 
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the  greater  part  of  it  from  view.  Any  ship  that  was  on  this 
part  of  the  sea,  and  not  too  far  off,  seemed  to  be  floating  in  the 
air.  As  the  sun  became  more  powerful,  a  transparent  space 
appeared  between  the  water  and  the  mist  above  it,  and  the 
mist  began  to  take  more  decidedly  the  appearance  of  dense 
cloud.  This  transparent  space  by  degrees  enlarged,  and  the 
cloud  as  it  rose  became  nearly  a  straight  line  or  stripe.  Be- 
tween eight  and  nine  o'clock  little  irregular  protuberances  or 
cones  began  to  appear  on  the  upper  portion  of  the  stripe  of 
cloud.  These  cones  by  degrees  swelled  and  enlarged  their 
sizes,  both  vertically  and  horizontally.  By  placing  my  eye 
against  a  fixed  object  and  looking  along  a  line,  I  could  see  the 
gradual  swelling  of  the  masses.  They  had  rough  irregular 
cauliflower-like  tops,  and  the  particular  forms  varied  as  they 
grew  larger.  The  lower  part  of  the  cloud  at  the  same  time 
preserved  its  horizontal  level,  but  became  darker  in  appear- 
ance. This  process  continued  until  large  cumuli  were  formed, 
extending  over  the  sea  apparently  from  the  Welsh  to  the 
Westmoreland  hills.  While  this  was  going  on  the  whole  mass 
rose,  and  by  twelve  o'clock  was  at  a  considerable  elevation,  the 
upper  part  of  which  looked  like  a  number  of  heaps  of  fleecy 
cotton  wool  piled  into  irregular  hills.  Under  the  highest  of 
these  hills  the  cloud  was  tne  darkest,  and  the  swelling  move- 
ment in  them  resembled  that  seen  in  smoke  issuing  from  a 
chimney,  but  was  much  slower.  The  light  west  or  soath-west 
wind,  which  generally  prevailed,  carried  these  masses  of  cloud 
eastward,  where  they  seemed  to  accumulate  and  become 
darker.  About  noon,  or  shortly  after,  we  commonly  had  two 
distinct  ridges  of  fine  bold  cumuli,  one  extending  across  the 
sea,  apparently  from  the  great  Orme's  Head  to  the  Westmore- 
land hills,  and  the  other  stretching  over  Wales  and  Cheshire 
to  the  Yorkshire  hills.  Recollecting  the  clouds  which  I  had 
noticed  forming  about  the  sides  and  top  of  Snowdon,  I  was 
strongly  impressed  with  the  idea  that  these  ridges  came  from 
Snowdon  and  the  other  mountains  in  its  vicinity.  About  the 
same  time  of  the  day  that  I  had  formerly  observed  Snowdon 
to  become  clear  from  mist,  namely,  about  t^  o  or  three  o'clock 
in  the  afternoon,  these  clouds  generally  ceased  to  come  from 
that  quarter,  and  those  already  formed  rose  higher,  and 
seemed  disposed  to  separate  into  detached  masses.  Later  in 
the  afternoon  they  became  lighter,  and  generally  dissolved 
gradually,  the  whole  frequently  disappearing  a  little  after  sun- 
set  When  the  clouds  were  very  heavy  a  difierent  result  was 
witnessed,  as  they  joined  together  and  gave  out  sprinklings  of 
rain,  and  showers  afterwards  fell  more  or  less  frequently 
during  ili£  night.  Over  the  lands  of  Lancashire  and  Cheshire 
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similar  clouds  formed,  but  they  were  more  broken  and  irregu- 
lar. At  one  time,  when  the  morning  mist  had  been  raised, 
say  apparently  100  or  150  yards  above  the  surface,  a  most 
beautiful  view  was  presented.  An  indefinite  number  of  thin 
clouds  seemed  to  be  hung  vertically  in  the  air,  of  various  de- 
grees of  transparency,  with  spaces  intervening,  so  as  to  give 
a  sufficiently  distinct  view  of  the  lower  part  of  each  film  of 
cloud.  The  whole  looked  like  an  immense  hall  with  a  mix- 
ture of  glass  and  thin  muslin  drapery  suspended  in  the  upper 
part,  the  particular  appearances  changing  every  few  minutes. 
Between  these  vertical  films  of  cloud  there  appeared  to  be 
slight  tremulous  upward  movements  of  the  air,  similar  to  those 
which  are  seen  over  heated  sands  or  over  the  top  of  a  hot 
stove,  indicating  that  there  were  ascending  currents  of  air  in 
those  places.  Similar  appearances  were  presented  at  other 
times,  but  they  were  less  clear. 

In  watching  such  scenes,  one  of  the  most  striking  circum- 
stances presented  to  the  notice  is  the  formation  of  tne  cumu- 
lus cloud.  It  takes  so  definite  a  form,  has  such  an  uniformity 
of  character,  appears  so  plainly  to  grow  up  before  your  eyes, 
and  ascend  from  the  surface  of  the  land  or  water  to  a  consi- 
derable elevation  in  the  heavens,  and  is  so  grand  in  its  appear- 
ance, that  it  becomes  invested  with  a  peculiar  interest.  The  pre* 
vailingopinion  which  has  existed  for  a  long  time  past  respecting 
the  formation  of  clouds  has,  I  believe,  been,  that  they  resulted 
from  an  intermixture  of  different  currents  of  air,  and  that  the 
small  particles  of  water  which  constitute  the  cloud,  notwith- 
standing appearances,  do  not  in  reality  rise  in  opposition  to 
the  laws  of  gravity.  But  any  one  who  will  take  the  trouble 
to  watch  the  formation  of  the  cumuli  over  the  Irish  Sea,  say 
from  eight  to  twelve  o'clock  in  the  morning,  towards  the  lat- 
ter end  of  summer,  will  find  it  difficult  to  resist  the  conviction 
that  they  really  do  rise  in  the  atmosphere.  The  same  identi- 
cal mass  of  cloud  may  often  be  distinctly  traced  from  the  sur- 
face of  the  sea  until  it  passes  over  your  head  at  a  considerable 
elevation ;  and  the  swelling  prominences  of  the  upper  part  of 
the  cloud  when  seen  in  profile  are  so  like  in  shape  and  motion 
to  those  which  may  be  seen  in  smoke  issuing  from  a  chimney, 
or  in  steam  when  escaping  from  a  boiler,  as  to  induce  an  im- 
pression that  similar  causes  produce  all  the  effects.  Mr.  Espy, 
in  his  lectures  recently  delivered  in  this  town,  professed  to 
account  for  the  formation  of  *<the  Cumulus;"  but  some  gen- 
tlemen think  he  did  so  in  an  unsatisfactory  manner,  it  there- 
fore seems  desirable  that  his  theory  should  be  subjected  to  the 
test  of  an  examination.  This  gentleman  (Mr.  Espy]  says, 
that  the  sun  when  it  rises  increases  the  temperature  of  that 
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part  of  the  atmosphere  which  is  near  to  the  surface  of  the 
earth,  and  causes  it  to  ascend  to  a  greater  elevation ;  this  fact 
was  previously  known,  and  is,  I  presume,  generally  admitted. 
The  part  of  the  atmosphere  near  the  earth  which  thus  ascends 
has  within  it  some  certain  quantity  of  steam  or  elastic  aqneoas 
vapour.  When  the  air  rises  to  an  adequate  height,  and  is 
consequently  sufficiently  cooled,  a  part  of  this  steam  is  con- 
densed. A  new  process  now  takes  place.  Upon  the  conden- 
sation of  this  portion  of  steam,  latent  caloric,  or  caloric  of  elas- 
ticity, is  liberated,  and  this  caloric  attaches  itself  to  surround- 
ing bodies,  and  raises  their  temperature.  In  this  way  beds 
or  strata  of  warm  air  are  formed  at  different  heights  in  the 
atmosphere. 

But  if  liberated  caloric  raises  the  temperature  of  masscB  of 
air  floating  high  up  in  the  atmosphere,  we  know  that  those 
masses  will  expand  through  the  increase  of  their  elasticity. 
The  additional  elastic  force  thus  acquired  must  be  exerted  in 
all  directions,  but  as  there  will  be  the  least  resistance  from 
above  the  force  will  be  first  developed  principally  in  a  vertical 
direction,  and  the  whole  column  above  will  be  raised,  and 
caused  to  expand  laterally  in  the  higher  regions  of  the  atmo- 
sphere.   On  this  second  heating  power,  arising  from  conden- 
sation, being  exerted,  and  a  part  of  the  atmosphere  raised  and 
thrown  off  laterally,  the  air  below,  relieved  from  a  portion  of 
the  incumbent  pressure,  will  spring  upwards,  and  the  sur- 
rounding air  near  the  surface  of  the  earth  will  flow  in  to  re- 
store the  equilibrium  of  atmospheric  pressure.    Thus  a  local 
and   temporary  upward  current  will  be  created;  and   this 
upward  current  taking  with  it  steam  from  near  the  sur- 
face of  the  earth,  successive  condensations  take  place — suc- 
cessive expansions  follow ;  and  the  condensed  steam,  taking 
the  shape  of  cloud,  becomes  a  cumulus,  and  swells  and  grows 
in  the  way  that  has  just  been  attempted  to  be  described. 
The  generally  slow  formation  of  the  cloud,  and  the  slight  re- 
sults which  ordinarily  follow,  are,  it  is  presumed,  attributable 
to  the  limited  portion  of  steam  that  is  in  the  atmosphere. 
When  steam  is  deficient'in  the  raised  air,  no  cloud  is  formed ; 
when  it  is  plentiful,  clouds  are  freely  formed ;  and  when  it  is 
very  nbuncfant/the  clouds  are  heavy  and  rain  falls.   The  libe- 
ration of  caloric  by  condensation  it  is  evident  may  be  effected 
in  the  smallest  degree  conceivable,  and  the  process  described 
may  be  slow,  and  the  result  only  the  elevation  of  the  tem- 
perature of  limited  portions  of  the  upper  atmosphere,  in  the 
way  in  which  the  temperature  of  the  tropical  atmosphere  is 
raised.     Evaporation  in  the  tropical  regions  furnishes  a  full 
supply  of  steam  to  the  atmosphere,  which  steam  being  carried 
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upwards  a  slight  condensation  takes  place,  that  increases  the 
temperature  and  expansive  force  of  the  mass  of  air,  and  car- 
ries it  into  higher  regions.    This  being  done  successively  and 
constantly,  the  whole  upper  region  is  sufficiently  warmed  and 
expanded  to  carry  the  small  condensed  particles  of  water, 
the  remaining  steam,  and  the  atmospheric  gases  to  the  proper 
height,  where  the  whole  flow  over  north  and  south  towards 
the  poles.     The  hazy  atmosphere  of  the  tropical  seas  is  pro- 
bably nothing  more  than  an  immense  cumulus  cloud,  conti- 
nually formea  and  carried  away,  north  and  south,  the  causes 
in  operation  being  so  regular  as  to  prevent  the  cloud  from 
being  broken  up  or  dispersed.    At  the  outer  edges  of  this 
tropical  cloud  disturbances  take  place  similar  to  those  which 
occur  when  cumuli  are  formed  in  the  temperate  regions. 
When  the  steam  is  very  abundant  and  atmospheric  disturbance 
great,  the  process  which  produces  cumuli  may  go  on  and  give 
rise  to  heavy  rains,  and  possibly  to  storms;  whether  that  process 
is  always  the  sole  or  even  principal  cause  in  operation  during 
storms  is  a  subject  worthy  of  investigation,  but  is  one  into 
which  it  is  not  proposed  to  enter  at  present. 

It  has  been  said  by  some  persons  who  object  to  the  theory 
here  advanced,  that  when  steam  rises  until  it  is  cooled  by  ex- 
pansion, sufficiently  to  produce  condensation,  upon  the  smallest 
particle  of  the  latent  heat  of  the  steam  being  given  out  the  cool- 
ing is  stopped.  They  therefore  contend  that  condensation  could 
not  continue^  as  it  would  be  terminated  at  the  very  commence- 
ment of  the  process.    And  this  would  be  true,  if  steam  alone 
existed  in  the  atmosphere.    Were  nothing  present  but  steam  it 
does  not  appear  how  there  could  be  any  considerable  or  con- 
tinued rise  of  temperature  from  condensation,  because  any,  the 
smallest,  increaseof  the  temperature  must  stop  the  condensation, 
and  thus  destroy  the  only  source  from  whence  is  derived  the  in- 
crease of  that  temperature.    But  there  are  gases  present  with 
the  steam  and  diffiised  through  it,  forming  with  it  a  minute  me- 
chanical intermixture.     And  when  the  condensation  of  steam 
liberates  caloric,  the  liberated  caloric  attaches  itself  to  the 
gases,  as  well  as  to  the  remaining  portion  of  the  steam,  in- 
creases the  expansive  force  of  these  gases,  causes  them  to 
spring  up,  and  to  carry  with  them  the  steam  that  is  diffiised 
through  and  entangled  among  their  particles.     Steam,  it  will 
be  remembered,  forms  but  a  small  proportion  of  the  whole  at- 
mosphere.   When  the  temperature  and  dew-points  are  at  32® 
of  Fahrenheit,  steam  constitutes  but  a  y|^th  part  of  the  at- 
mosphere; when  they  are  at  S9?  it  forms  a  yi^th  part  of  it; 
when  at  73°  it  is  a  ^\jth  part ;  and  when  at  80^  it  is  only  ^'^th 
part.    And  as  the  dew-point  in  this  part  of  the  world  is  not 
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often  above  59?^  steam  cannot  be  said  to  form  at  any  time  here 
much  more  than  1  per  cent  of  the  atmosphere.  The  gases 
then  being  considered  as  99,  and  steam  as  1,  tlie  liberated 
caloric  would  attach  itself  to  a  much  greater  extent  to  the 
gases  than  to  the  remaining  steam.  The  elasticity  of  the 
gases  would  be  thereby  increased;  they  would  spring  up,  and 
carry  the  remainder  of  the  steam  with  them  to  a  sufficient 
height  to  cause  fresh  condensation  to  take  place,  and  thus  the 
process  might  be  continued ;  not  only  is  steam  a  very  small 
portion  of  the  whole  atmosphere,  but  it  cools  according  to  a 
different  law  to  that  which  regulates  the  cooling  of  the  gases, 
and  the  difference  in  the  laws  by  which  the  steam  and  the 
gases  cool,  causes  the  latter  to  cool  the  former.  In  ascending 
m  the  atmosphere,  it  is  found  that,  when  undisturbed  by  re- 
cent condensation,  the  temperature  is  reduced  about  l^  for 
every  hundred  yards  of  elevation.  But  the  steam  and  the  gases 
separately  cool  nearly  according  to  the  following  table,  taking 
whole  numbers  in  a  regular  series  as  a  sufficient  approxima- 
tion to  the  truth  for  our  present  purpose  : — 

At  a  height  of  about  1700  feet  steam  coolf,  say  1^,  while  the  gases  cool  5P. 

3400  ...  ^  ...  10^ 

5000  ...  2P  ...  IS**. 

10,000  ...  6°  ...  30». 

Here  we  see  that  in  an  ascending  column  of  steam  and 
gases  intermixed,  while  the  former  would  by  their  ascension 
cool  by  expansion  only  one  degree,  the  latter  would  cool  five 
degrees;  the  gases,  therefore,  in  their  accent  would  act  the 
part  of  coolers  to  the  steam.  Being  intimately  intermixed  the 
colder  body  would  abstract  heat  from  the  warmer,  and  practi- 
cally the  gases  when  they  rise  must  cool  the  steam  that  is  in- 
termixed with  them.  Then,  as  the  steam  is  condensed  more 
caloric  is  given  out,  and  the  gases  again  warmed  and  ex- 
panded ;  and  thus  these  different  elastic  fluids,  condensable 
and  non-condensable,  act  and  react  upon  each  other,  and  give 
results  different  from  those  which  would  be  found  if  they  ex- 
isted in  the  atmospheric  space  separately  from  each  other. 
A  portion  of  the  atmosphere,  nearly  saturated  with  steam, 
being  raised  by  a  force  acting  from  below  to  a  height  of 
1700  feet,  the  steam  within  it  would  be  cooled,  according  to 
its  own  law  of  cooling,  1°;  but  the  gases,  by  their  different 
law  of  cooling,  would  be  cooled  5°;  and  as  these  fluids  would 
be  intimately  intermixed,  the  lower  temperature  of  the  gases 
must,  to  a  greater  or  less  extent,  be  communicated  to  the 
steam,  and  a  partial  condensation  of  the  latter  must  follow. 
This  condensation  we  have  seen  would  give  out  caloric,  which, 
by  raising  the  temperature  of  the  remaining  steam,  would  cer- 
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tainly  have  a  tendency  to  prevent  further  condensation ;  but 
the  temperature  of  the  gases  would  also  be  raised,  and  their 
elastic  force  increased :  they  would  therefore  rise  higher,  and 
the  remaining  steam  would  be  mechanically  carried  up  with 
them  sufficiently  high  to  produce  further  condensation.  That 
the  liberated  caloric  would  expand  the  gases  enough  to  cause 
them  to  rise  in  the  atmosphere  is  apparent,  as  it  requires  but 
tilde  caloric  to  give  considerable  additional  elasticity  to  the 
atmospheric  gases.  And  on  the  condensation  of  steam  much 
latent  caloric  is  given  out,  there  would  therefore  be  an  ade- 
quate supply  of  caloric  to  produce  the  effects  named.  It  has 
been  computed  that  the  evolution  of  heat  from  the  condensa- 
tion of  a  pound  of  steam  would  be  sufficient  to  raise  the  tem- 
perature of  3657  cubic  feet  of  air  10°.  Every  pound  of  rain  or 
cloud  that  is  formed,  will  consequently  raise  the  temperature 
of  the  atmosphere  to  that  proportional  extent. 

This  view,  thowever,  does  not  rest  entirely  on  theoretical 
reasoning;  that  there  are  beds  of  warm  air  mixed  with  floating 

Erticles  of  water  occasionally  found  in  the  atmosphere,  is 
own  from  the  experience  of  aeronauts,  as  well  as  from  others 
who  have  ascended  mountains.     Mr.  Green  found  such  a  bed 
at  a  height  of  nearly  10,000  feet  from  the  earth,  where  the  dew- 
point  was  at  64%  the  same  as  at  the  surface  of  the  earth  at  the 
time.  At  1 1 ,060  feet,  only  1  *060  feet  higher,  the  dew-point  had 
fallen  to  82%  only  one  half  the  temperature ;  because,  there  is 
n\>  doubt,  he  had  then  got  above  the  warming  influence  of 
condensation  of  steam.     The  effect  of  condensation  in  raising 
temperature,  is  seen  also  in  the  method  practised  of  heating 
water  by  passing  steam  into  it.     It  is  found  that  one  pound 
of  steam  will  raise  the  temperature  of  1000  pounds  or  water 
1®.    And  Mr.  Espy  has  shown,  in  the  instrument  he  called 
<'  a  Nephelescope,"  that  rarefaction  of  the  air,  effected  by  re- 
moving pressure  from  it,  cooled  it  after  a  certain  rate  or  law ; 
but  this  law  of  cooling  was  disturbed  as  soon  as  condensation 
took  place.     Condensation  counteracted  the  cooling  efiSect  of 
expansion  about  one  half,  showing  that  if  a  column  of  air,  in 
which  steam  had  been  recently  condensed,  were  to  be  exami- 
ned, it  would  be  found  that  the  temperature  would  be  reduced, 
as  we  ascended  in  that  column  only  one  half  of  what  it  would 
be  in  a  neighbouring  column  where  no  condensation  had  taken 
place.     Suppose  in  the  latter  column  the  temperature  to  di- 
minish l^  for  everv  one  hundred  yards  of  elevation,  as  before 
shown,  then,  in  the  former  column,  where  condensation  had 
taken  place,  the  temperature  would  be  diminished  only  half  a 
degree  for  every  one  hundred  yards  of  height.  If  the  foregoing 
facts  and  reasonings  be  admitted,  it  will  follow  that  on  con-* 
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densation  of  steam  taking  place  in  the  atmosphere  there  will 
be  an  upward  atmospheric  movement,  which  will  cause  fresh 
condensation  and  further  upward  movement,  and  this  process 
may  form  the  cumulus  cloud,  which  may  rise  to  a  less  or  greater 
height  in  the  atmosphere,  and  the  cloud  may  be  dissipated  or 
may  give  out  rain  according  to  the  quantity  of  steam  contained 
in  the  atmosphere,  and  the  condensing  power  of  cold. 

The  atmospheric  movements  which  have  been  here  consi- 
dered, are  represented  by  Mr.  Espy  as  originating  with,  and 
caused  by,  the  direct  heating  power  of  the  sun,  but  the  action 
of  the  sun  may  be  only  one  of  the  causes  which  produce  the 
phesnomena.     Any  cause  which  shall  have  the  eflfect  of  ele- 
vating a  column  of  the  atmosphei*e  sufficiently  to  cause  con* 
densation  of  steam  to  begin,  may  commence  the  process  de« 
scribed,  and  cause  cumuli  to  form.     A  current  of  air  having 
nearly  a  maximum  quantity  of  steam  for  the  temperature,  be- 
ing forced  by  the  inertia  of  the  mass  against  a  ridge  of  bills, 
the  lower  part  must  rise,  and  in  risingmust  force  up  the  whole 
of  the  column  that  rests  upon  it.     jThis  forcing  up  may  be 
sufficient  to  raise  the  column  high  enough  to  condense  some 
of  the  steam  which  it  contains,  when  all  the  effiscts  just  de- 
scribed would  take  place  in  the  same  way  as  would  have 
occurred,  if  the  heating  power  of  the  sun,  acting  on  the  sur- 
face of  the  earth,  had  been  the  prime  mover.   In  this  way  the 
ridges  of  mountains  in  Caernarvonshire  and  Merionethshire 
may  force  up  the  current  of  air  flowing  against  them  from 
the  south-west,  until  the  process  of  condensation  commences 
and  clouds  are  formed.     And  the  long  lines  of  cumuli  flow- 
ing apparently  from  about    Snowdon  northward   towards 
Westmoreland,  or  eastward  towards  Yorkshire,  when  they 
reach  the  English  hills  may  get  another  lifi;,  and  the  co- 
pious rains  that  fail  in  those  parts  may  be  thus  accounted 
for.    If  mountains  can  force  up  atmospheric  currents,  it  is 
evident  that  when  different  atmospheric  currents  move  ir- 
regularly, one  may  force  up  another.     On  two  currents 
meeting  or  crossing  each  other,  one  may  force  its  way  under 
the    other,  lift  it  up,  and  thus  cause  condensation  to  com- 
mence.    In  this  way  cumuli  may  be  formed  over  land  or  sea, 
and  rain  may  be  discharged,  and  possibly  even  storms  com- 
menced, provided  there  be  an  adequate  supply  of  steam  for 
condensation;    and  all  this  may  take  place  in  the  absence 
of  the  sun, — in  the  night  as  well  as  in  the  day.     Should  va- 
rious currents  moving  in  opposite  directions  penetrate  each 
other  at  different  elevations,  it  will  follow,  from  what  has  been 
advanced,  that  clouds  may  be  formed  at  the  same  time  at  dif- 
ferent elevations,  and  each  stratum  of  cloud  may  be  afi*ected 
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according  to  the  quantity  of  steam  contained  in  it,  and  the 
condensing  power  of  the  elevation  to  which  it  should  be  raised. 
In  this  part  of  the  world  cumuli  generally  come  from  the 
westward,  because  the  winds  from  that  quarter  are  more  fully 
charged  with  steam  than  thpse  from  any  other  quarter.  But 
they  may  be  sometimes  seen  coming  from  the  eastward  over 
the  Yorkshire  hills,  and  these  may  have  originated  either  in 
the  elevating  power  of  the  sun,  or  of  the  hills.  The  passage 
of  small  cumuli  across  the  heavens  does  not  produce  a  sensi- 
ble effect  on  the  barometer.  An  alteration  may  be  observed 
in  the  flatness  of  the  top  of  the  mercury  when  one  of  consi- 
derable size  has  been  passing.  Very  large  ones,  'dark  at  the 
under  side,  sometimes  lower  the  mercury  a  little ;  but  it  seems 
to  require  one  of  ^eat  extent  sufficient  to  cover  the  horizon, 
to  cause  a  decided  fall  in  the  barometer. 


XXIV.  Reply  to  Prof.  Challis,  on  the  Investigation  of  the  Re-- 
sistance  of  the  Air  to  an  Oscillating  Sphere.  By  6.  B.  Aiar, 
Esq*f  Astronomer  Royal. 

To  the  Editors  of  the  Philosophical  Magazine  andjotirnal. 

GENTLEMEN, 

I  DID  not  intend  to  trouble  you  again  on  the  subject  of  dis- 
cussion between  Professor  Challis  and  myself.  But  the 
remarks  of  my  esteemed  friend,  in  his  communication  to  your 
July  Number,  have  tended  so  much  to  confuse  the  matter,  and 
some  of  the  doctrines  which  he  has  brought  forward  are  (if  I 
understand  them  rightiv)  so  dangerous  to  the  purity  of  ma- 
thematical reasoning,  that  I  must  crave  your  permission  to 
place  this  series  of  remarks  in  your  Journal.  I  promise  that 
I  will  not  occupy  any  more  of  your  valuable  space  by  con- 
tinuing this  discussion. 

On  the  new  equations  discovei*ed  by  Professor  Challis  as 
having  claims  for  consideration,  and  marked  by  him  (2.),  (4.), 
(5.),  page  65, 1  have  only  to  remark,  that  I  certainly  supposed 
every  person  who  knows  anything  of  partial  diiFerentials  (Pro- 
fessor Challis  and  myself  included)  to  be  fully  aware  that 

where  there  are  n  independent  variables  there  are      ' 
such  equations.     But  Professor  Challis's  language  seems  to 

impl}r  that  he  is  hardly  aware  that  n—  I  of  the  equations  are 
sufficient  for  nearly  everv  purpose,  and  that  they  do  contain 
absolutely  and  completely  all  the  equations  of  the  next  order 
involving  different  independent  variables  in  each  differentia- 
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tion,  and  that  (with  due  care  in  integration)  they  do  thereTote 
contain  the  remaining  equations  of  the  same  order.     Thus 

Professor  Challi.'s  equation  (2.),  or  ^(4|)  =^(4^) 

gives,  on  differentiation  with  respect  to  y,    ,     .     ( -^ — \ 

=  -; — r-l—i—  )  I  hut  this  same  result  may  be  obtained  by 
dxdy\dxJ'  ^  ^ 

differentiating  my  equations  (1.)  and  (8.)j  or  -^ —  (— — j 

= ^  (^)' ""^ -^  (4f-)  =  4r  (^)-  ^~*^^ 

Chailis  will  find,  on  examination,  that  I  have  used  all  which 
were  required. 

But  Professor  Chailis  states  that  these  six  equations  <^  are 
exactly  verified  by  the  kind  of  motion  which  Mr.  Airy  con- 
siders to  be  impossible  "  (page  64,  line  29),  and  then  proceeds 
to  show  (page  SO)  that  Poisson's  law  of  motion  satisnes  these 
equations.  What  particular  obscurity  in  my  expressions,  or 
what  omission  of  my  explanatory  worcfs  in  Professor  Challis's 
reading  of  them,  can  have  led  to  such  a  misinterpretation  of 
my  meaning  as  this  sentence  implies,  I  cannot  imagine.  My 
words  (page  322,  line  15).  were,  "  If,  in  order  to  support  Pro- 
fessor Challis's  expression  for  the  movement  of  the  particles 
to  or  from  a  centre,  we  suppose,  &c.  &c."  I  did  not  object 
to  Poisson's  expression,  or  to  any  other  involving  cos  0  as  a 
multiplier;  but  I  remarked  (page  328,  line  17)  that  <^  the 
onus  or  proving  that  the  three  equations  are  consistent  rests 
with  the  supporter,  &c."  ;  in  other  words,  that  the  possibility 
is  not  to  be  assumed  without  proof,  and  that  each  case  must 
rest  on  its  own  proof.  That  I  did  not  intend  to  object  to 
every  expression  involving  cos  0  as  a  multiplier  in  the  formula 
for  the  resolved  part  of  the  velocity  in  the  direction  of  radius, 
will  be  sufficiently  evident  from  this  circumstance ;  that  the 
simplest  of  all  kinds  of  motion,  namely,  that  of  a  miiform 
current  of  air,  in  which  all  tlie  particles  move  with  the  same 
velocity  in  parallel  lines,  is  included  in  this  case.  My  ob- 
jection Was  specially  to  **  Pi^qfessor  Challis^s  expression." 

Professor  Chailis,  in  the  proof  that  Poisson's  assumed  mo* 
tion  is  possible,  has  preferred  referring  to  the  function  f,  where 

-_3-  =  w  =  velocity  in  the  direction  of  jr;  -^  =  v  =  velo- 
dx  "^  dy 
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city  in  the  direction  of  ^,  -^  =  10  =  velocity  in  the  direction 

of  z.  I  have  no  objection  to  this  (although  it  was  inconve- 
nient at  first  for  the  examination  of  Professor  Challis's  ex- 
pression, because  Professor  Challis  had  not  given  the  form  of 
^  adopted  by  him),  and,  taking  the  general  equations  for  ^  as 
given  by  Professor  Challis,  I  will  snow  that  Poisson's  solu- 
tion is  tenable,  and  that  Professor  Challis's  solution  is  unte- 
nable.    The  general  equations  are  these : — 

^  must  be  possible  as  a  function  of  x,  y*  ^>  ^* 

Velocity  in  the  direction  of  radius  =  -^ . 

I  proceed  now  with  the  substitution  of  the  two  expressions. 

I.  Poisson's  Solution. 
Here  ♦  =  {/<^)  -  f^^JZlH  ].  cos  6 

Differentiating,  and  remarking  that -j^  3=  -~r*  j~  —  d* 

dr   _    z       > 
dz    ~  ~> 

dx-'^'X     ^ +  ^ r*"       J 

^  =  z  J"      8/(r-a0      3/'  (r-a  t)      r^JL*)\ 
dp  \  p         +  iA         —         »•»        J 

+  yy.;    ,   15/(r-fl/)      ISfir-at)       6/"  {r-at) 

/"'(r-gQ- 
Similarly, 
dy* 


.-'}■ 


*''♦_./      S/(r-a/)    .  8/'(r-a0     /^[(r-aOl 

^^■''1 ?5 —  +^^-;3 p — j- 

+2^  /  +  »5/(r-a0      15/' (r-ap^  6/-'(r-a<) 
Phil.  Mag.  S.  3.  Vol.  19.  No.  122.  ^«^.  18il.  L 
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Then 
d*_(f{r-at)        f{r-an  C      Sf{r-at) 

4. 3A^-«0  _  f'(r-aty\ 

<^*_s«/     3/(r~a<)  .  ifjr^aO       /«{r-at)\ 

d^~^^\  ^        ^  ^  ^       / 

+  ,8  r  .  15/(r-a0      ISf'ir^at)      efir-at) 

The  sum,  or  J*  +  ^  +  £|  is 
d**      rf_y*      d«* 

5  a  /-  ^f  ('■-'' ^)  .  3f{r-at)     /"(r-aO-> 
l^^.|,  ig/Cr-a^),    lg/^(r-fl<)^  e/^Cr-gQ 

Therefore  ^  =  a«  (^  +  ^  +  ^)  :  and  therefo« 
Poisson's  solution  is  possible. 

II.  Professor  Challis's  Solution, 

Professor  Challis  has  not,  in  his  first  papers,  given  a  value  for 
^,  but  he  has  assumed  (Phil.  Mag.  and  Journal,  December 
]  840),  in  page  463,  line  25,  "  the  velocity  and  density  of  the 
fluid  which  passes  the  area  m^  are  u  and  p,''  and  in  page  465, 

line  7,  &c,  V  ^  -^'^''^^^^  -  ^^'''^^\    From  page  46S, 

line  14,  it  is  evident  that  this  is  the  velocity  in  the  direction 
of  the  radius  s  and  from  page  465,  line  23,  as  also  ir<Mn  page 
131  (February  1841),  line  6,  that  it  is  to  have  the  factor  cos  9, 
without  which  it  cannot  be  adapted  to  the  different  points  of 
the  sphere's  surface.    Hence  we  have 
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dr        \^        r  r^      J 

♦  ='fc^cos5+^, 
fHwre  '^  is  a  function  of  tlie  angles  wliicb  determine  the  posi- 
tion of  r,  and  of  t.    If  we  make  —  =  I,  ^=smf~=n, 

r  T  T 

we  may  consider  '^  as  a  (unction  of  i^  fli^  f^  t. 

Using  therefore  ♦  =  g*^-' T—    +  ■^(since  cos  Q  =s  — \ 

Similarly, 
Then 

Thesom,  or  ^r;^+g^+ ^is 

L2 
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+,^{  +  syV-o/)^  5/'(r-.a0^  /"(r-a/)j^ 


i/(r-at),  f'{r-at)-\   .    dy      rf*^     ^ 

djr*       d^       dji^" 

It  is  necessary  for  the  possibility  of  Professor  Challis's  so- 
lution, that  the  last  expression  be  =  0.  The  question  there- 
fore is,  Can  \p  be  so  determined  as  to  make  it  =  0?  It  clearly 
cannot.  For,  in  order  to  make  it  =  0,  '^  must  contain  func- 
tions of  r— a/;   but  this  is  evidently  mconsistent  with  its 

primary  condition,  that  it  should  be  a  function  of  -7,  — ,  — , 

and  /,  and  should  contain  r  in  no  other  way.     Professor 
Challis's  solution  therefore  is  not  possible. 


In  two  or  three  passages  (as  page  64,  line  21,  and  page  68, 
line  2),  Professor  Uhallis  seems  to  intimate  that  there  is  a  di- 
stinction to  be  made  between  the  cases  of  motion  iu:  the  direc- 
tion of  theradius  from  a  fixed  centre  and  motion  in  thedirection 
of  the  radius  from  a  moving  centre.  This  distinction  (as  I  under- 
stand it)  is  groundless;  and  for  this  reason,  that  the  alteraticMi 
which  it  makes  in  the  place  of  a  particle  df  air  is  of  the  second 
order  with  regard  to  the  disturbance ;  and  quantities  of  the 
second  order  are  neglected  through  the  whole  investigation* 
Besides,  it  is  evident  that  if  the  resolved  part  of  the  motion 
of  the  air,  as  measured  from  a  fixed  centre,  is  represented 
by  cos  6  X  function  of  r,  tliere  will  always  be  provided  the 

1)roper  vacuum  of  air  to  be  occupied  by  the  sphere  (the  oscil- 
ations  being  small).  I  trust,  however,  that  I  have  misunder- 
stood the  meaning  of  the  expressions. 


Although  I  do  not  entirely  a£;ree  with  Professor  Challis  in 
attaching  slight  importance  to  this  special  problem,  yet  I  con- 
sider the  correctness  or  incorrectness  of  his  result  as  almost 
insignificant  when  compared  with  the  Intimacy  or  spurious- 
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ness  of  the  process  by  which  it  has  been  obtained.  With 
this  estimation,  I  be^^  leave  to  call  attention  to  the  principle 
hinted  at  in  page  67,  line  22,  &c.  It  will  be  remembered  that 
^  is  a  function  which  is  obtained  by  solving  a  partial  differ* 
ential  equation,  and  that  (as  alwavs  happens)  it  contains  in  its 
expression  another  function^  whose  form  is  arbitrary;  i.e. 
any  form  may  be  used  for  j^  provided  that  the  quantity  which 
is  used  as  the  subject  of  the  function  be  that  which  is  given  by 
the  solution,  viz.  (r— a/),  and  provided  that  the  function  chosen 
be  placed  exactly  in  the  place  of  ^  in  the  solution,  and  be 
treated  in  no  other  way  than  that  in  which  f  is  treated.  Yet 
Professor  Challis  says,  **  The  function  $  may  thus  contain 
implicitly,  as  a  factor^  atiother  Jimction  expressing  the  va- 
riation of  velocity  at  a  given  instant  in  passing  from  one 
point  to  another  in  directions  perpendicular  to  the  motion, 
btU  is  not  differentiated  with  respect  to  the  variables  of  this 
Jactor"    And  a  little  further  on,  having  found  an  expression 

♦  =s  "^^  "" — —  9  he  adds,  "  the  factor  cos  5,  depending  on 

the    mode   of  disturbance^    beitig    included  in  the  arbitrary 
Junction.**    That  is  to  say,  having  found  that  a  certain  set 
of  differential  equations   is  j^atisned    by  the  expression 

<P  =  '^ —  jy'^'Z^  Professor  Challis  assumes  that 
we  may  use  as  a  solution  ^v  \^^  "rJ^  +*  ^at)  ^^^ ^y^^^ 
in  substituting  it  in  the  difierential  equations  we  have  no  oc- 
casion  to  differentiate  the  factor    -77-5 — 5 — 5-..    Against 

this  I  must  record  my  solemn  protest.  The  function  which 
is  to  be  put  in  the  place  of  the  arbitrary  function  is  simply  to 
be  put  in  its  place,  and  to  be  modified  in  no  other  way  what* 
ever.  If  the  solution  in  that  form  cannot  be  adapted  to  the 
mode  of  disturbance  or  to  the  initial  motion,  it  is  a  sign  that 
(among  the  infinitv  of  solutions  applying  to  fluids)  one  has 
been  chosen  whicn  is  inapplicable  to  the  conditions  of  the 
problem,  and  another  must  therefore  be  tried.  As  to  the  omis- 
sion of  certain  terms  in  the  process  of  differentiation,  I  con- 
fess that  I  am  surprised.  Any  person  so  well  acquainted  as 
Professor  Challis  is  with  the  transformations  of  the  equations 
for  fluids,  must  be  aware  that  the  introduction  ofthe  peculiar 
function  (^  is  a  matter  of  convenience  only ;  that  it  does  not 
at  all  modify  the  suppositions  on  which  the  fundamental  equa* 
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tions  are  obtaiiied ;  that  these  fandamental  equations  are  tiw 
four  given  by  Professor  Challis  at  the  bottom  of  page  64 1 
that  they  are  established  on  consideration  of  the'complele 
sod  absolute  change  in  the  state  of  pressure^  densi^,  and 
velocity^  of  the  particles  of  the  fluids  in  proceeding  from  a 
point  where  the  coordinates  have  one  value  to  anoUier  prait 
where  they  have  a  different  value ;  and  that  it  is  absolnteiy 
impossible  that  there  can  be^  in  forming  them^  any  limitadoo 
as  to  the  functions  whose  change  is  or  is  not  to  lie  taken 
into  account  I  am  quite  certam  that  the  new  doctrine  of 
omitting  certain  functions  in  the  differentiadon  cannot  stand 
a  moment^  when  examined  with  reference  to  the  originid  no- 
derstanding  on  which  the  first  equations  have  been  obtained. 

Perhaps  the  error  of  thb  principle  may  be  made  more  oIh 
vious  by  considerins  a  simpler  case.  Suppose  we  consider  the 
motion  of  parallel  ^ane  waves  through  air.  It  is  wdl  known 
that  the  d^turbance  of  a  particle  in  the  direction  of  x  may 
be  expressed  by  X  =  cosa.^  (o/— xcos  a— ^  cos  /3— -jt  cosy). 
Suppose  that  there  is  a  wall  in  the  air,  whose  equation  is 
or  s=  0.  The  value  of  X  must  therefore  vanish  when  jr  =  0. 
But  it  does  not  vanish  then.  What  must  be  done  to  make  it 
vanish  ?  A  follower  of  Professor  Challis  would  sayt  ^*  Mul- 
tiply it  by  a  function  which  will  vanish  when  x  =  0»  as  for 
instance  a  Xf  and  omit  the  variation  of  this  foctor  in  all  difier- 
entiations.'*  (This  mode  of  escaping  from  the  di£Sculty  is 
not  at  all  more  forced  than  that  adopted  by  Professor  Challis 
in  the  passacres  to  which  I  have  adverted.)  But  I  am  sure  that 
Professor  Cnallis  himself  would  say,  <<  Not  so ;  the  process 
proposed  is  ill^timate;  the  failure  of  the  expreseioa  (in  its 
susceptibility  of  adaptation  to  the  circumstances  at  the  sur&ce 
of  the  wall)  is  to  be  remedied,  not  by  multiplying  it  by  a  func- 
tion which  vanishes  there,  but  by  altering  the  whole  formula, 
so  as  to  preserve  the  condition  of  satisfying  the  ori^nal  dit 
ferential  equations,  and  also  to  satisfy  the  new  condition  re- 
lating to  the  wall."  And  thus  he  would  obtain  the  formuk 
X  =  cosei,^{vt — ^cosflt— ^cos/3—- ZCOS7) 
—  cosa  •  i  {vt-^-xcos a— y  cos  ^— af  cos  y)« 

I  will  only,  in  conclusion,  express  my  regret  at  finding  ray- 
self  compelled  to  place  myself  so  distinctly  in  opposition  to 
ray  excellent  friend  Professor  Challis.  Had  the  writer  been  one 
of  lower  character  or  in  a  less  influential  position,  or  had  the 
subject  been  one  familiar  to  a  greater  number  of  mathemsp 
tidans,  I  should  have  let  it  pass.  But  in  observing  the  publi- 
cation of  principles  the  most  dangerous  to  the  honesty  of  ma- 
tliematics  (if  I  may  use  such  an  expression)  that  I  have  ever 
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aeen,  I  coold  not  avoid  looking  to  the  position  of  the  writer, 
as  well  as  to  my  own  position,  and  forming  my  decision  as  to 
the  coarse  which  was  proper  on  my  part.  I  have  only  to  add, 
that  nothing  could  be  farther  from  my  intention  than  to  give 
a  personal  character  to  this  controversy,  and  that  I  trust  no 
expression  has  escaped  me  which  will  bear  sach  an  interpre* 
lation.  I  am,  G^tlemen, 

your  obedient  Servant, 
Royal  Obaerrstory,  Greenwicbi  O.  B.  AiET. 

July  10»  1841. 

XXV.  On  the  Phanomena  ofDiJffiraetion  in  the  Cenire  of  the 
Shadow  of  a  Circular  Dtsc,  placed  before  a  luminous  Poinif 
as  exhibited  by  Experiment.    By  Richard  PotTBR,  Esq.. 

nPHE  results  of  the  undulatory  theory,  to  which  I  called 
-^  attention  in  the  Number  of  the  Magazine  for  October 
lastf,  being  opposed  to  the  received  opinions  upon  those  point% 
it  became  desirable  to  undertake  an  experimental  examination 
of  the  most  decisive  case ;  namely,  the  nature  of  the  phas- 
nomena  in  the  centre  of  the  shadow  of  a  circular  disc  when 
placed  directly  before  a  luminous  point  According  to  that 
theory  the jpomt  in  the  centre  of  the  shadow  ought  to  be  as 
bright  as  if  the  disc  were  not  interposed ;  and  this  being  ac- 
knowledged on  all  sides,  we  have  an  admitted  and  clear  test 
of  the  theory,  as  long  as  it  is  allowed  to  be  a  theory  which 
may  be  tested  by  experiment 

The  labour  which  the  Astronomer  Royal  has  devoted  to  . 
deducing  the  numerical  magnitudes,  given  in  his  paper  in  the 
January  Number!,  has  also  rendered  this  experiment  more 
interesting,  and  I  may  anticipate  the  result  at  which  I  have 
arrived,  by  stating  that  the  undulatory  theory  in  this,  as  in 
so  many  other  cases,  fails  entirely. 

Before  relating  the  experiments,  I  must  notice  some  of 
Mr.  Airy's  statements  as  to  the  visibility  of  luminous  points, 
and  the  relative  brightness  which  renders  neiebbouring  spaces 
which  are  difierently  illuminated  distinguishable  from  each 
other  by  the  eye;  because  an  incorrect  assumption  on  these 
points  would  affect  the  whole  discussion.  Tocommence  with  the 
latter,  he  says,  *<  Thus  there  will  be  at  the  centre  a  bright 
spot  of  double  the  general  intensity,  surrounded  by  rings 
brighter  than  the  great  expanse  of  light ;  but  the  excess  of 
intensity  in  the  rings,  even  the  first,  is  so  small,  that  it  pro- 
bably could  not  be  seen.''    Now  the  intensity  of  the  minima 

*  Communicated  by  the  Author. 

t  Third  Seriet,  yol.  xvii.  p.  243.  {  vol.  xviiL  p.  1. 
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being  1%  that  of  the  maximum  in  the  first  bright  ring  is  I'lG, 
in  the  second  is  1*09)  and  in  the  third  is  1*06. 

To  judge  whether  these  or  any  of  them  could  be  seen,  we 
may  compare  them  with  the  expression  for  the  relative  in- 
tensities in  Newton's  rings  seen  by  transmission,  as  civen  in 
Mr.  Airy's  tracts,  page  S05.  This  expression  gives  the  ratio 
of  the  intensities  in  a  dark  and  bright  ring  as  1*  to  1'173,  a 
ratio  of  the  same  order  of  magnitude  as  the  above,  which  Mr. 
Airy  assumes  as  representing  relative  intensities  which  pro- 
bably could  not  be  seen,  although  Newton's  rings  seen  by 
transmitted  light  are  a  well<-known  conspicuous  phsenomenou. 
This  also  affects  Mr.  Airy's  statement  on  a  simitar  case  in  his 
paper  ^*  On  the  Theoretical  Explanation  of  an  apparent  new 
Polarity  in  Light,''  in  the  Phil.  Trans,  for  1840.  At  p.  242, 
he  says,  <^  The  destruction  of  bands  is  here  as  to  sense  com- 
plete," &c.,  where  the  ratio  of  the  intensities  in  a  minimum 
and  a  maximum  were  as  1*  to  1*287  in  one  case,  and  as  r  to 
1*098  in  another,  and  yet  in  the  former  the  difference  of  in- 
tensities is  greater  than  in  Newton's  rings,  which  are  admitted 
to  be  distinguishable.  In  Mr.  Airy's  opmions  and  experience, 
respecting  tne  magnitudes  which  are  sufficient  to  render  lu- 
minous points  visible,  we  have  to  notice  the  following.  In  his 
paper  in  the  January  Number  of  the  Magazine,  he  says,  **  Sub- 
stituting in  the  expression  above,  we  find  the  diameter  of  the 
bright  spot  =  0*000908  inch,  or  less  than  ^^^  inch,  re^rd- 
ing  the  visibility  of  which  in  common  experience  we  need  not 
to  disquiet  ourselves. 

^^  If  the  diameter  of  the  circular  plate  had  been  taken  1  inch, 
the  distance  of  the  screen  remainmg  the  same,  the  diameter 
of  the  spot  would  have  been  0*0037  inch,  a  speck  difficult 
even  for  a  philosopher  to  discover  under  these  circumstances. 
If  the  diameter  of  the  plate  were  0*1  inch,  the  diameter  of  the 
spot  would  be  0*037  inch,  a  very  fit  subject  for  experimental 
measure."  In  the  fifth  volume  of  the  Cambridge  Phil.  Trans., 
p.  110,  we  find  Mr.  Airy  saying,  "  I  have  useaboth  parallelo- 
srammic  and  circular  holes  of  different  sizes(the  largest  circular 
hole  being  ^  inch  in  diameter),  and  have  sometimes  diminished 
the  aperture  to  as  little  as  j^Vv  inch  (by  estimation.)"  Thus 
we  have  Mr.  Airy  estimating  the  magnitude  of  an  aperture 
of  about  Tjyt^^  ^^^^  ^^  ^^^  ^'"^^9  ^^^  ^^  another  time  he  would 
not  have  us  (fisquiet  ourselves  as  to  the  visibility  of  a  bright 
point  surrounded  by  darhiess^  when  its  diameter  was  as  little 
as  77J1JU  inch.  Yet  we  find  the  fixed  stars  are  visible  without 
having  any  sensible  diameter;  and  the  images  of  Jupiter's  sa- 
tellites formed  in  a  telescope,  with  an  object-glass  of  30  inches 
focal  length,  have  their  diameters  only  about  ^^^^  inch,  and 
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yet  they  are  easily  seen  by  such  an  eye-lens  as  in  common  ex- 
perience we  use  in  examining  phaenomena  of  diffraction: 
be  it  remembered  these  satellites  are  also  bodies  reflecting  a 
very  feeble  light.  Further,  Mr.  Airy  says,  a  spot  whose  dia- 
meter is  0*0057  inch,  or  about  -^^-^  inch,  is  ^^  a  speck  difficult 
even  for  a  philosopher  to  discover  under  these  circumstances." 
Now  j^  inch  is  the  breadth  of  an  ordinary  hair  of  the  hu- 
man head,  and  these  are  to  be  seen  of  a  perceptible  breadth, 
even  as  opake  bodies  surrounded  by  opake  bodies :  would  not 
a  philosopher  both  see,  and  expect  to  see,  bright  spots  when 
surrounded  by  darkness^  even  if  they  were  in  diameter  only 
a  very  small  fraction  of  this  magnitude  ? 

To  proceed  to  the  immediate  subject  of  the  paper :  I  made 
preparation  for  trying  the  experiment  several  months  wo, 
but  when  the  apparatus  was  completed  it  was  some  time  be- 
fore a  clear  sunshine  occurred  to  suit  the  aspect  of  the  win- 
dow of  my  darkened  room,  at  a  time  when  I  could  command 
leisure  to  pursue  the  experiments. 

I  prepared,   by  turning  and  polishing  very  carefully  in  a 
lathe,  discs  of  brass  of  y^^,  -j^,  -^^,  j^,  and  -^  inch  in  dia- 
meter, and  with  watch-makers'  implements  one  of  -^-^  inch 
diameter.     The  luminous  point  was  the  sun's  image  formed 
by  a  lens  of  ^  inch  focal  length,  and  therefore  it  was  of  con- 
siderably less  diameter  than  -^  inch.     The  discs  were  at- 
tached by  thin  films  of  cement  to  a  plate  of  glass  with  flat 
and  parallel  surfaces,  which  had  never  been  before  used,  and 
they  were  so  formed  that  the  diffracting  circular  edge  was 
raised  from  the  glass ;  in  some  of  them  this  edge  was  formed 
by  the  junction  of  the  side  and  base  of  the  frustum  of  a  very 
obtuse-angled  cone,  and  in  others  the  edge  was  formed  by 
the  junction  of  two  such  frustums.     The  base  by  which  they 
were  attached  to  the  glass  was  in  all  of  much  smaller  diame- 
ter than  the  diffracting  ed^e,  so  that  the  cement  which  oozed 
out  round  the  edge  of  this  base,  was  far  out  of  the  way  of 
the  light  concerned  in  the  phenomena  of  diffraction.     The 
sun's  light  was  reflected  horizontally  through  a  window-shut- 
ter of  a  darkened  room,  and  the  sun's  image,  formed  by  the 
lens  of  ^  inch  focal  length,  was  at  60  inches  distance  from 
the  disc,  at  the  same  time  that  the  focus  of  the  eye-lens,  by 
which  the  phenomena  of  diffraction  were  examined,  was  at 
60  inches  distance  on  the  other  side.     The  plate  of  glass  to 
which  the  discs  were  cemented,  was  rendered  perpendicular 
to  the  incident  light  by  adjusting  until  the  reflected  light  passed 
directly  back  again.     I  generally  used  the  apparatus  so  that 
the  plate  of  glass  was  between  the  disc  and  luminous  point, 
but  I  found  no  difference  in  the  phaenomena  when  it  was  re- 
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versed,-  or  the  disc  between  the  plate  and  the  laminous  point. 
It  was  also  found,  on  trial,  that  the  appearances  were  not 
sensibly  changed  if  the  focus  of  the  eye-lens  were  rather  more 
or  rather  less  than  60  inches  from  the  disc. 

When  the  whole  was  adjusted,  on  looking  tlirongh  an  eye- 
lens  of  about  1  inch  focal  length,  at  the  centre  of  the  shadow 
cast  by  a  disc,  there  was  seen  a  bright  central  spoty  of  a 
white  colour  slightly  tinged  with  brown,  surrounded  by  a 
greater  or  less  number  of  coloured  rings,  according  to  the 
size  of  the  disc.  The  central  bright  spot  in  the  shadow  of 
the  disc  of  -^-^  inch  diameter  was  large,  and  so  bright,  that  at 
the  first  view  it  would  have  been  taken  to  be  equally  bright 
with  the  light  which  had  passed  uninterruptedly,  further  from 
the  edge  of  the  disc  than  any  interference  was  visible.  But 
experience  in  photometrical  experiments  immediately  pointed 
out  to  me  the  allowance  to  be  made  for  the  heightening  eflfect 
of  contrast,  the  bright  spot  being  surrounded  by  a  da»  ring. 
It  was  evidently  necessary  to  place  the  portions  of  li^t, 
which  were  to  be  compared,  in  the  same  circumstances.  TTo 
effect  this,  I  perforated  a  plate  of  thin  sheet  brass  with  the 
point  of  a  needle,  making  a  number  of  small  circular  holes 
of  diflerent  sizes  and  at  different  distances,  so  that  they  could 
be  taken  in  pairs  of  equal  size.  Now  placing  this  brass  plate 
in  the  focus  of  the  eye-lens,  where  it  was  moveable  and  ca- 
pable of  adjustment,  and  causing  one  of  these  holes  to  trans- 
mit the  central  part  of  the  central  bright  spot,  and  then  com- 
paring it  with  the  light  passing  through  an  equal  hole  at  a 
distance  beyond  any  visible  interference,  it  was  seen  at  once 
that  the  brightness  of  the  centre  of  the  central  bright  spot  in 
the  shadow  was  very  much  less  intense  than  that  of  the  light 
passing  through  the  other  hole.  In  the  shadow  of  the  larger 
discs  the  inferiority  of  the  brightness  of  the  central  spot  was 
evident  at  once  without  any  precautions,  and  the  intensity 
appeared  to  diminish  rapidly  with  the  increase  of  diameter  of 
the  disc.  The  capability  of  the  undulatory  theory  to  explain 
the  phenomena  is  thus  completely  set  at  rest ;  for,  according 
to  i^  the  brightness  of  the  centre  of  the  shadow  should  be 
equal  to  that  of  the  uninterrupted  light  for  all  magnitudes  of 
discs. 

To  obtain  an  estimate  of  the  relative  intensity  of  the  light 
of  the  central  spot  for  the  disc  of  ^\^  inch  diameter,  I  adopted 
the  following  contrivance : — Having  cut  a  number  of  small 
'  plates  of  mica  out  of  the  same  sheet,  I  tried  how  many  of 
these  placed  before  the  uninterrupted  light  reduced  its  inten- 
sity to  an  equality  with  that  of  the  centre  of  the  central  spot, 
when  the  brass  plate  perforated  with  the  small  circular  holes 
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was  used.  From  the  result  of  many  trials  I  concluded  that 
four  plates  produced  the  most  accurate  correspondence.  To 
find  now  much  light  these  mica  plates  transmitted,  I  looked 
through  a  rhomb  of  Iceland  spar,  at  a  strip  of  white  paper  so 
broad  that  the  two  images  overlapped,  and  of  course  at  such 
overlapping  the  intensity  was  the  double  of  what  it  was  on 
either  side  of  it:  a  similar  effect  was  produced  by  somewhere 
between  two  and  three  of  the  mica  plates.  I  estimated  that 
it  was  nearer  two  than  three  plates  which  were  required ;  but 
to  a  scientific  friend,  with  whom,  on  another  occasion,  I  re- 
peated it»  it  appeared  to  be  nearer  three  than  two  that  were 
requisite,  so  that  I  shall  consider  2^  of  the  mica  plates  as 
transmitting  only  one  half  of  the  light :  and  four  such  plates 
would  therefore  transmit  one-third  part  very  nearly.  This 
shows  how  widely  the  fact  was  at  variance  with  the  result 
of  the  undulatory  theory  even  with  a  disc  of  ^j^  inch  dia- 
meter. 

To  perform  these  experiments  the  eye-lens  and  brass  plate 
in  its  focus  were  mounted  on  a  stand  so  as  to  be  raised  or 
lowered  at  pleasure,  and  the  mica  plates,  mounted  in  bundles 
of  two»  three  and  four,  were  attached  to  a  rod  of  wood,  so 
as  to  be  interposed  in  the  light  in  succession  without  incon- 
venience. 

I  have  also  the  following  memoranda :  in  the  shadow  of  the 
g\f  inch  disc,  besides  the  central  spot,  two  rings  around  it  were 
visible ;  in  that  of  the  y^^  inch  disc,  four  rings  were  visible;  in 
that  of  the  y^  inch  disc,  five  or  six  were  visible ;  and  in  that 
of  the  1^  inch  disc,  seven  or  eight  were  visible :  and  also  as 
the  diameter  of  the  disc  was  increased,  the  intensity  of  the 
rings  became  more  nearly  equal  to  that  of  the  central  spot. 
The  discs  of  ^  and  -^  inch  I  did  not  use,  as  I  must  have 
provided  larger  plates  of  glass  to  attach  them  to,  for  the  edge 
of  the  plates  of  glass  to  which  the  latter  disc  was  attachra 
caused  interference  sufiicient  to  distort  the  rings  when  this 
plate  was  two  inches  square. 

I  must  be  allowed  to  state,  that  I  consider  the  controversy, 

as  to  the  undulatory  theory  being  the  physical  theory  of  ligh^ 

to  be  nearljT  terminated ;  and  that  the  experiments  necessary 

-for  completing  the  basis  of  a  physical  theory  are  those  now 

most  desirable  to  be  undertaken. 

Queen's  College,  June  9,  1841. 
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May  13,  FTIHE  followmg  papers  were  read»  viz. — 

1841.  X  1.  "  Meteorological  Obeervations  for  August,  Sep- 
tember, and  October,  1840,  taken  on  board  H.M.S.  Erebms  and 
Terror,  by  and  under  the  direction  of  Capt.  James  Clark  Ross.  ILN., 
Commander  of  the  Antarctic  Expedition."  Presented  by  the  Lords 
Commissioners  of  the  Admiralty,  and  communicated  by  the  Pre* 
sident  of  the  Royal  Society. 

2.  "  Hourly  Meteorological  Observations  made  at  Plymooth.  is 
latitude  52"^  36'  12'',  longitude  in  time  6*"  55'  east,  on  the  22Dd  of 
March,  1841."  By  Arthur  Utting,  Esq.  Communicated  by.  Capt. 
Edward  Johnson,  R.N.,  F.R.S. 

3.  "  Barometrical  Observations  taken  at  Naples  at  9  a.m.  on  each 
day  during  the  months  of  January  and  February,  1841."  By  Sir 
Woodbine  Parish,  K.C.H.,  F.R.S.  Presented  by  direction  of  the 
Council  of  the  Royal  Geographical  Society,  and  commnnicBted  by 
S.  H.  Christie,  Esq.,  Sec.  R.S. 

4.  "  Memoir  of  the  case  of  a  gentleman  bom  blind,  and  sacoess- 
fiilly  operated  upon  in  the  eighteenth  year  of  his  age ;  with  Physio- 
logical Observations  and  Experiments."  By  J.  C.  August  Franz, 
M.D.,  M.R.C.S.  Communicated  by  Sir  Benjamin  C.  Brodie,  Bait., 
F.R.S. 

The  young  gentleman  who  is  the  subject  of  this  memoir  had  been 
affected  from  birth  with  strabismus  of  both  eyes ;  the  right  eye  was 
amaurotic,  and  the  left  deprived  of  sight  by  the  opacity  both  of  the 
crystalline  lens  and  of  its  capside.  At  the  age  of  seventeen,  an  ope- 
ration for  the  removal  of  the  cataract  of  the  left  eye  was  peifonned 
by  the  author  with  complete  success.  On  opening  the  eye  for  the 
first  time,  on  the  third  day  after  the  operation,  the  patient  described 
his  visual  perception  as  being  that  of  an  extensive  field  of  light,  in 
which  everything  appeared  dull,  confused,  and  in  motion,  and  in 
which  no  object  was  distinguishable.  On  repeating  the  experiment 
two  days  afterwards,  he  described  what  he  saw  as  a  number  of  opake 
watery  spheres,  which  moved  with  the  movements  of  the  eye,  but 
when  the  eye  was  at  rest  remained  stationary,  and  their  maigins 
partially  covering  one  another.  Two  days  after  this  the  same  phe- 
nomena were  observed,  but  the  spheres  were  less  opake  and  some- 
what transparent ;  their  movements  were  more  steady,  and  they  ap- 
peared to  cover  each  other  more  than  before.  He  was  now  for  the 
first  time  capable,  as  he  said,  of  looking  through  these  spheres,  and 
of  perceiving  a  difference,  but  merely  a  difference,  in  the  surround- 
ing objects.  The  appearance  of  spheres  diminished  daily ;  they  be- 
came smaller,  clearer,  and  more  pellucid,  allowed  objects  to  be  seen 
more  distinctiy,  and  disappeared  entirely  after  two  weeks.  As  soon 
as  the  sensibility  of  the  retina  had  so  far  diminished  as  to  allow  the 


Digitized 


by  Google 


Dr.  Franz  on  a  Case  of  restored  Vision.  157 

patient  to  Tiew  objects  deliberately  without  pain,  ribands  differently 
coloured  were  presented  to  his  eye.  These  different  colours  he  could 
recognize,  wiUi  the  exception  of  yellow  and  green,  which  he  fre- 
quently confounded  when  apart,  but  could  distinguish  when  both 
were  before  him  at  the  same  time.  Of  all  colours,  gray  produced 
the  most  grateful  sensation :  red,  orange  and  yellow,  though  they 
excited  pain,  were  not  in  themselves  diss^;reeable ;  whUe  the  effect  of 
▼iolet  and  of  brown  was  exactly  the  reverse,  being  very  disagreeable, 
though  not  painful.  Brown  he  called  an  ugly  colour :  black  pro- 
duced subjective  colours ;  and  white  gave  rise  to  a  profosion  of  muac^ 
volitantes.  When  geometrical  figures  of  different  kinds  were  offered 
to  his  view,  he  succeeded  in  pointing  them  out  correctly,  although 
he  never  moved  his  hand  directly  and  decidedly,  but  always  as  if 
feeling  with  the  greatest  caution.  When  a  cube  and  a  sphere  were 
presented  to  him,  after  examining  these  bodies  with  great  attention, 
he  said  that  he  saw  a  quadrangular  and  a  circular  figure,  and  after 
further  consideration  described  the  one  as  being  a  square,  and  the 
other  a  disc,  but  confessed  that  he  had  not  been  able  to  form  these 
ideas  until  he  perceived  a  sensation  of  what  he  saw  in  the  points  of 
has  fingers,  as  if  he  really  touched  the  objects.  Subsequent  experi* 
ments  showed  that  he  could  not  discriminate  a  solid  body  from  a 
plane  sur&ce  of  similar  shape ;  thus  a  pyramid  placed  before  him, 
with  one  of  its  sides  towards  his  eye,  appeared  as  a  plane  triangle. 

Two  months  after  the  above-mentioned  operation,  another  was 
performed  on  both  eyes,  for  the  cure  of  the  congenitel  strabismus^ 
by  the  division  of  the  tendons  of  the  recti  intemi  muscles,  which  pro- 
duced a  very  beneficial  effect  on  the  vision  of  the  left  eye ;  and  even 
the  right  eye,  which  had  been  amaurotic,  gained  some  power  of  per* 
ceiving  light,  and,  from  being  atrophied,  became  more  prominent. 
Still  it  was  only  by  slow  degrees  that  the  power  of  recognizing  the 
true  forms,  magnitudes,  and  situations  of  external  objects  was  ac- 
quired. In  course  of  time,  the  eye  gained  greater  power  of  con- 
verging the  ra3rs  of  light,  as  was  shown  by  the  continually  increasing 
capacity  of  distinct  vision  by  the  aid  of  spectacles  of  ^ven  powers*. 

May  20.— The  following  papers  were  read,  viz. — 

1 .  "  Catalogue  of  Geological  Specimens  procured  from  Kergue- 
len's  Land  during  the  mon&s  of  May,  June,  and  July,  1840." 

2.  "  Catalogue  of  Birds  collected  on  board  Her  Majesty's  Ship 
Terror,  between  the  Cape  of  Good  Hope  and  Van  Diemen's  Land." 

3.  "  Description  of  Plants  from  Kerguelen's  Land,  collected  in 
May,  June,  and  July,  1840." 

The  above  papers  are  by  John  Robertson,  Esq.,  Surgeon  of  Her 
Majesty's  Ship  Terror,  and  were  presented  to  the  Sodety  by  the 
Lonb  Commissioners  of  the  Admiralty,  and  communicated  by  the 
President  of  the  Royal  Society. 

4.  "  On  the  Fossil  Remains  of  Turtles  discovered  in  the  Chalk 

*  In  Phil.  Mag.y  First  Series,  voL  xxviii.  p.  S03,  will  be  found  an  ac* 
count,  by  Sir  E.  Home,  of  two  children  bom  with  cataracts,  and  the 
nature  of  their  vision  after  the  operations  of  depression  and  extraction.— 
Eni?. 
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Formation  of  the  Soath-East  of  Wnghnd/*    By  Oideoa  Algcmeii 
ManteU,  Esq.,  LL.D.,  F.R.S. 

In  this  pi^r  the  author  gives  a  description,  accompanied  witk 
drawings,  of  a  remarkable  fossil  Turtle,  referable  to  the  genus  Jayj, 
and  named  from  its  discoverer,  Mr.  Bensted.  the  Btmys  BemHeJi, 
which  has  been  lately  found  in  a  quarry  of  the  lower  chalk  of  Kent, 
at  Bttiham,  which  is  situated  near  tiie  banks  of  the  Medway,  between 
Chatham  and  Maidstone.  The  qwdmen  discovered  coansta  of  the 
carapace  or  dorsal  shell,  six  inches  in  length  and  nearly  four  indbes 
in  breadth,  with  some  of  the  sternal  plates,  vertebra^  eight  ribs  on 
each  side  of  the  dcMrsal  ridge«  a  border  of  marginal  plates,  and  one 
of  the  coracoid  bones.  It  is  adherent  to  a  l£>ck  of  chalk  by  the 
external  surface  of  the  sternal  pfaites.  Hie  marginal  pkles  are 
joined  to  each  other  by  finely  indented  sutures,  uo4  bear  tit  impieM 
of  the  homy  scales  or  tortoise-shell*  with  whi<^  they  were  originally 
cov^ed.  The  expanded  ribs  are  united  together  throighont  the 
proximal  half  of  their  length,  and  gradually  taper  to  their  marginal 
extremities,  which  are  protected  by  the  plates  i^  the  oeseooa  border. 
Mr.  Bell  ocMisiders  the  species  to  which  it  belonged  as  being  doaely 
aHied  in  iona  to  the  common  European  Bmys,  loid  as  pnnnrarin(j;  a 
truly  fluviatile  or  lacustrine  diaraoter.  The  platea  c^  the  plastnn. 
however,  as  also  the  coracoid  bone,  resemble  more  the  coraespooding 
bones  of  marine  than  of  freshwater  turtles. 

5.  "  Researches  tending  to  ]»ove  the  Ncn-vMculanty  of  ecttain 
Animal  Tissues,  and  to  demonstrate  the  peculiar  uniform  mode  of 
their  Oiganization  and  Nutrition."  By  Joseph  Toynbee»  Esq,  Cqbh 
municatod  by  Sir  Benjamin  &odie,  Bart.»  F.RJS«»  &c. 

The  above  was  only  in  part  read. 

May  27.-*The  following  papers  were  read,  viz. — 

.1.  "  On  the  Compensations  c^  Polarised  Li^t,  witk  the  deto^ 
tion  of  a  P<darimeter  iar  Measuring  Degrees  of  Pdarintian."  Bjr 
Sir  David  Brewster*  K.H.,  D.C.L.,  F.R.S.»  and  VJP.R.S.  Ed. 

In  four  papers  published  in  the  Philoaophical  IVanaaetions  for 
1880,  the  aullkor  maintained,  in  opposition  to  tibe  pievuilhig  theory, 
that  light,  either  reflected  or  refracted  at  att|^  different  tern  that 
at  whK:h  it  is  completely  pokriaed,  does  not  consist  of  two  portions, 
one  completely  pokuized,  and  the  other  completely  nnpolariced, 
hut  that  every  portion  of  it  has  the  same  physiod  property,  having' 
approximated  in  an  equal  degree  to  the  stated  complete  poboijtatian. 
'niis  oondusion,  which  had  been  derived  from  reasoning  on  the  hy- 
pothesis that  a  pencil  of  light,  composed  of  two  pencils  polarised 
respectively  at  angles  of  +  «nd  —  45^  with  the  plane  of  reflexkm, 
was  equivaknt  to  a  pendl  of  common  light,  is  confisBied  in  this 
paper  by  experiment,  made  with  common  Sght  itself,  reflected  horn 
different  parts  of  the  atmosphere,  and  from  whk^  tte  imiaxal  «r 
tnaxal  systems  of  rings  were  obtained.  On  placing  sneh  a  systun 
between  light  partially  polarized  in  an  opposite  plane,  the  author 
found  tiiat  the  rings  Reappeared,  the  direct  system  being  seen  on  one 
side  of  the  plane  of  disappearance,  and  the  complementary  system 
on  the  other  side.    In  this  experiment  the  polarization  of  the  light 
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in  one  plane  was  compensated  by  the  polarization  of  the  same  light 
in  the  opposite  plane ;  and,  consequently,  both  the  pencils,  which 
had  undergone  ^  two  successive  polarizing  actions,  had  received 
the  same  degree  of  polarization  in  opposite  planes ;  and  in  virtue  of 
these  two  equal  and  opposite  polarizations,  the  light  at  the  point  of 
compensation,  where  Uie  system  of  rings  disappeared,  had  been  re- 
stored from  partially  polarized  to  common  light ;  and  the  light  on 
each  side  of  this  point  of  compensation  was  in  opposite  states  of 
partial  polarization. 

In  order  to  give  a  distinct  view  of  the  nature  of  this  experiment, 
the  author  details  the  phenomena  observed  at  particular  angles  of 
incidence  on  glass.  From  the  results  at  an  angle  of  inddence  of 
24^,  the  ray  suffering  one  refraction  at  80°,  and  a  second  reflexion 
at  83i°,  he  concludes  that  the  compensation  which  takes  place  is 
produced  neither  by  an  equality  of  oppoutely  polarized  rays,  nor  by 
a  proportional  admucture  of  common  Ught,  but  by  equal  and  oppo* 
site  physical  states  of  the  whole  pencil,  whether  reflected  or  re- 
fracted. 

The  remarkable  phenomena  produced  at  an  angle  of  inoid^ce  on 
glass  of  S2°  44^  (at  which  angle  cos  (>  +  t')  =  cos«  (t  +  0),  led  the 
author  to  the  construction  of  what  he  terms  the  compensating  rhomb, 
consisting  of  a  well-annealed  rhomb  of  glass,  or  any  other  unory* 
stallized  substance,  having  the  angles  of  its  base  130°  25'  and  46°  35' 
respectively,  when  the  index  of  refraction  is  1*525.  When  a  ray  of 
light  is  incident  upon  the  first  surfiEUse  at  an  angle  of  82°  44',  ex«> 
actly  one-half  of  it  is  reflected ;  and  the  other  half,  after  refraction, 
is  reflected  at  the  second  surface,  and  emerges  perpendicularly  to 
tiie  adjacent  surface,  without  suffering  refection;  each  portion 
having,  in  the  first  instance,  the  same  quantity  of  polarized  lig^t. 
The  second  portion  is  found,  on  examination,  to  be  in  the  state  of 
common  light,  although  the  ray  at  the  second  incidence  consisted  of 
more  than  one-half  of  polarized  light.  Hence  if  the  pencil,  pre* 
viously  to  reflexion  at  the  second  surface,  consist  of  145  rays  of 
polarized  light,  and  188  of  common  light,  the  effect  of  a  single  re- 
flexion must  be  to  d^>olarize  polarized  Ught,  and  to  produce  no 
change  whatever  upon  commcm  light ;  a  property  of  a  reflecting 
sui&oe  never  yet  recognized,  and  incompatible  with  all  our  present 
knowledge  on  the  subject  of  the  polarization  of  light. 

The  author  then  describes  an  instrument  which  he  has  invented 
for  the  puipose  of  accurately  measuring  the  degrees  of  polariiatioQ, 
and  which  he  therefore  terms  a  Polarimeter.  It  consists  of  two 
parts ;  one  of  which  is  intended  to  produce  a  ray  of  compensation 
having  a  physical  character  susceptible  of  numerical  expression,  and 
the  c^er  to  produce  polarized  bands,  or  rectilineal  isochromatie 
lines,  the  extinction  of  which  indicates  that  the  compensation  is 
effected.  The  construction  and  mode  of  operation  of  this  instru- 
ment are,  by  the  aid  of  figures,  described  and  explained. 

The  fdlowing  is  the  general  law  established  by  these  researches ; 
namely,  that  the  compensations  of  polarized  light  are  produced  by 
e^ifmi  and  opposite  rotations  of  the  planes  of  polarization.    Thus, 
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a) Ti^'Of , taoinmoii  'li^kt'ifl  laQMonlt  ttfc^  aiijncm^Bf  updn^.tlhc 
prii^i^'Bwrfwfe  oftt>'tntnH|iHfttiit  bo^rv  tiio  triKiltiof  LkiJitfAiictod  ppurtl 

complete  yihrigatioD^im  -iwltie^ofritfhHdk.chlBigeittii^siitetffqpal^ 
salkML  «re  nucedr-lois  :turaed;iiiteiiilie>pUie|e£  ndlexkia?:  «dile 
.the  friiioleiof  tlK  iieteeli0d':pohcillHuiBtiffiBt)ed/&iB^ 
'  tehange;  itf  vktae  fiilHidddk  dtvjpliiafii  •Crpidaf^^ 

..arleayantD  Brjphpg<pef|igiiitoufair'tt>  tii>.piaiBe^jaflii|iBi[;  

The  author  then  eDteradntoiai  tiMorttica^i^^)ffM^igltt^mt^<tf;  tfap-TOli^ 
ject^aod.oOEdddes  ^r?pQ«itmyottt  a^few^of -  the  lauiMtuwa  appBca- 

3p  Qontititnitiiwuef/ the  yiyer*  of  ifrlHcii*tfae  Headings  POMineiicdd 
at  the  la^'lbfidetn^,  andviititfecL'f^'BleseaBefaes  ten&ig'jto'.firafietiw 
liott-TBsevlaritjfibf  cettkm^AkinalflliasotB,  aasd  to  iieBiotelntB.!tfae 
peeoilag.ttBifDciiiHiaocteof'tiiiipOrgiti^^  Bf 

.Joseph  Toynibee^'  Bm|.  c  OoBiBnilneBk^  by  SirBeajaQUtt-O.-BrocBe, 

■Bart;r'Piil.S. '"  •>  ^'^.'^:'^  .^:^  V-  /.••      ■  >■'  ->  -'     -  •':  • '■:i 

1  In  the/ioftrodmoti0iLto>(in»ipafeB,i  t^.Mrt^ 
prooeasof 'ouiiition  an.>die-niinal^ti88ne$  wUoii  at'e>iiMtrtaded.bf 
iiufcwfiea tions<  >of ^bleoi*yeaseh  t^  p6intingrioat.^eioirniiiBtiit»e^lbat 
even  irt  theaa  there '  i»  «•  dennddxable  textent  kif  >  tisiaift'  iHiich^  iM  ncm- 
vUhedii^iv^tkmt^ingmeantABttiAtkbloodMTeeN^  The  knowledge 
of  this  tetteid&imrito  tAie«t«^iof«tfa^  proceed  of>tt 
ttev^vmsovlav  li8Siie94<  i^hicdi  towties  heddmdes  hito> theL^th^eeiel* 
loHridg  idasaesi;  iianiely^  fiisT/tltaB  io6i»prehendlng'iartiealartcod* 
Iflge,  and'  the  cartik^  of  the  ditfeNnI:  eiassea  of-^nto-cartflage. 
Utider  the  teebital'biaui"l^eH^ompnsesi  the  oohiearthe'dryaCalMiK 
ledSyMKl  the -vtttfebuti^ 'hunonr/;  itidv^afnder.tte  :thii?dj  he'iuiang« 
tbe=epidenioid«ppeiidagesi;  vtzi  theiepifcfaeliiMl»  tiie  epidenniB,4ifl^ 
«ttd4^1^s,  faodftrhaihr'aml'biifttfles^' fathers,  hOM  and  teirtiu! 
'  The  tavthor' then  proceeds.) to- shoW'tiMit  the  dot  aotioit'iof^ie 
organs,  ioM)  the  ebnipo«itio»  4f  ^YMi  thes^  tbsoes  center,  i*  inqom^ 
pi^Me  vrtth  itetr  vasculajatv;  •  Iiii  proofs  of  »^e  ;niott<kexi9ledce  of 
bkodHvesseia  in  theee  tissaes; !he  ktatev  that'  he:  has  lieii^nstMled;  ^ 
meittw  otf  iiyeotviii9»'^iattliie  arteries,  ^faioh^pMPiottB«iflKtoaiiistsihiil 
gu)^sed'to>pe»etrateiutoitiijetr'SubBtt»)e,  eithtr  UUieeftlutoivesBshi, 
er  lift  Md4)l«»d  t«Bsel8  too  akinirte  forinjection^acttiytf  temsAatetib 
TieSns  before  vetoUiflg  thoki^^  he  dso'ShotPsthiLt  arma4  Aes^wa- 
VEMmhir  tiSBiies  there  •areim8nettros''vinBoillar  0^^^ 
^dUatatioM  tuddiottimtje^liioses  ti  blobd^'vesslAa/lteidl^t  <]<  HvlMi 
he  beeves  «o  be  t»atrre9tJthe'i)ttigt«s&  of  l^e  blood,  ^Adtd  aUmr  a 
bu^'^uantily  ol'itt()'CiroiAiftetsIot9^1y*AroiMd><hese<li8«aesp«o  nittt 
its  notrient  ttqoor  Ttuiy fyettetrate  ihtb  uttd  be  ilMteed  ^thton^  th<«i. 
The'  awthov  stutes'thfll'iai'  lllo  «MM^vaa<mlar  tiitttte»^a^lihi  simJo- 
g6tis/stni«ttirei'«nd  thieui'tb^y  tte  eomposed  bf  «ar{^lM>  lb  ivhidi 
he  is  induced  to  ascribe  the  performance  of  the  very  importaMt  teio- 
tions  ki  liieproeess  o#<heiri«utd^6ii,^idi«ulal)ing-tii^^ 
periiapB  oltchBAgiiig  theMUiweo#'tfae4i«ti4s&t4tiid lMck>U-biicRight 
byblood-ves0^  to  their' emumHereAoei  The  adttor  tliett  bvi^ 
forward  fiewts  in  proof  of'tihe  «tctm  and  tittd  praiMittieftof  ^OMf  «ct« 
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puades,  and  concludes  bis  Introduction  by  stating,  tbat  it  appears 
to  bim,  tbat  tbe  only  difierence  in  tbe  mode  of  nutrition  between 
the  vascular  and  tbe  non-vascular  tissues  in,  that  in  the  former,  tbe 
fluid  which  nourishes  them  is  derived  from  the  blood  that  circulates 
throughout  tbe  capillaries  contained  in  their  substance ;  whilst,  in 
the  latter,  tbe  nutrient  fluid  exudes  into  them  from  the  large  and 
dilated  vessels  tbat  are  distributed  around  them :  and  that  in  both 
classes,  the  particles  of  which  the  tissues  are  composed  derive  from 
this  fluid  the  elements  which  nourish  them. 

The  author  then  enters  on  an  examination  of  the  structure  and 
mode  of  nutrition  of  tbe  several  tissues  of  each  of  these  three  classes. 
In  considering  the  first  class,  he  commences  with  articular  cartilage^ 
which  he  describes  at  great  length  in  tbe  various  stages  of  its  de- 
velopment, and  at  tbe  different  periods  of  life.  He  gives  in  detail 
the  account  of  numerous  dissections  of  the  ovum  and  foetus  illustrating 
the  first  stage,  during  which  be  shows  tbat  no  blood-vessels  enter 
into  tbe  substance  of  any  of  tbe  textures  composing  a  joint ;  but 
that  the  changes  its  component  parts  undergo,  are  effected  by  tbe 
nutrient  fluid  from  the  large  blood-vessels,  by  which,  at  this  stage, 
each  articulation  is  surrounded.  In  tbe  second  stage  of  the  develop- 
ment of  articular  cartilage,  the  author  shows,  by  numerous  dissec- 
tions, the  process  by  which  tbe  blood-vessels  are  extended  into  tbe 
substance  of  the  epiphysal  cartilage,  and  converge  towards  tbe  at- 
tached surface  of  articular  cartilage,  and  how,  at  the  same  time, 
blood-vessels  are  equally  prolonged  over  a  certain  portion  of  its  free 
sur&ce.  He  shows  tbat  none  of  these  blood-vessels  enter  the  sub- 
stance of  tbe  articular  cartilage,  and  he  points  out  tbat  in  them  tbe 
arteries  become  continuous  with  tbe  veins ;  first,  by  their  terminating 
in  a  single  vessel,  from  which  the  veins  arise ;  secondly,  by  their 
forming  large  dilatations  from  which  the  veins  originate ;  and,  lastly, 
they  become  directly  continuous  witli  the  veins  in  tbe  formation  of 
loops  of  various  characters.  In  tbe  third  stage,  that  which  is  exbi« 
bited  in  adult  life,  tbe  epiphysal  cartilage  is  converted  into  osseous 
cancelli.  These  contain  large  blood-vessels,  which  are  separated 
from  the  articular  cartilage  by  a  layer  of  bone  composed  of  corpus- 
cles, and  tbe  author  believes  tbat  the  principal  source  of  nutrition  to 
this  tissue  is  the  nutrient  fluid  which  exudes  into  it  from  these 
vessels,  by  passing  through  tbe  articular  lamella  just  noticed.  Tbe 
free  surface  of  ad\idt  articular  cartilage  is  nourished  by  vessels  which 
pass  to  a  slight  extent  over  it.  Tbe  author  points  out  the  presence 
of  fine  tubes  which  pervade  tbe  attached  portion  of  adult  articular 
cartilage,  to  which  he  ascribes  the  function  of  transmitting  through 
its  sul^tance  the  nutritive  fluid  derived  from  tbe  vessels  of  tbe  can- 
celli. He  also  advances  the  opinion  that  the  articular  cartilage  be- 
cx>mes  thinner  during  the  whole  of  life,  by  being  gradually  converted 
into  bone. 

Fibro-cartilage  constitutes  the  second  tissue  of  the  first  class. 
Tbe  author  first  enters  upon  an  examination  of  its  structure ;  and  in 
order  to  arrive  at  some  definite  conclusions  on  this  subject,  whereon 
anatomists  of  all  ages  have  so  much  differed,  be  made  numerous 
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dissections  of  fibro*cartilc^^  in  the  different  classes  of  animals  at 
*9motu  peviodsof  Hhmr  dis^opiaant>  tke-  tesialU  -of  which  he  ^Aetails. 
He  arrives  at  tihe  condnsifio  that  thk  tisiu^  Is  oottiposed  of  oartS^ 
'LtgikioaB  eoTpnaelesi  and  of  Ares ;  the  latter  prepondenti&g  in  adnlt 
li^  the  fbonet  in  in^ey ;  and  that  dadng  lifs  ^e  ^eolfmsclea  are 
gtadnaily  caD:v«irted  into  fibrea.  Heeliters  at  length  into  tbe  qnes* 
tioCL  of  the  vaseuJcurity  iif  lihese  <iaHjlagea ;  and  from  a  careful  ttndf 
of  many  injected  specimens  of  man  and  animak  at  varkMis  periods 
of  their  devebpnient/ tiie  pavtii:«4asp  reivlts  of  w^eh  he  relates, 
he  belieTes  tfai^  bloodvessels  ^ire  contained  only  in  their  fibrous 
portion,  and  hsnre  the  Auction  of  noorisfaing  t^at  whioh  is  eartila- 
giBioasv  and  which,  oa  accofont  of  its  being  subject  to  oompresaion 
and  ooncnssBon,  does. not  contam  ^aiiy. 

Amoiig  the  second  class  of  estra^Tttscular  tissues,  the  cdmea  is 
first  treated  of;  and  its  stniotavft  is  described  as  heingtery  lax^  and 
as  coBtaiaing  corpnadkes  oi^  in  a,  small  quantity,  ^e  opimona  in 
lEcroar  of  ita  tasonlarity  are  combated ;  and  it  is  shown  dmt  tta 
Mood^vesads  which  converge  to  its  attached  margin,  and  wbich  art 
the  principal  sooroe  of  the  finid  that  nonrii^s  it,  are  large  and  m* 
meniua,  and  that  at  the  ciroumferenoe  ef  this  tissue  the  ^artenes, 
without  any  diminution  of  their  calibre,  retam  m  their  course,  and 
become  continuous  wifli  the  wemB.  A  seoaad  set  of  vessel,  defoted 
to  this  tmtriticn  of.  the  eomea,  is  also  described ;  they  extend  to  a 
short  distanoe  e^er  Hkt  sirfitta  of  the  tissue,  bat  do  not  penetrate 
into  its  substance. 

The  cr^taUine  lens  ia  described  as  behig  composed  ci  corpusdes, 
of  which  the  radiating  fibres  are  constituted.  The  arteria  centralis 
retine  is  described  as  ramifying  over  the  poiftterior  sviface  of  the 
capsule,  where  it  forms  large  branches  ,*  diese  pass  round  tiie  air* 
ciimiferciice  of  the  lens,  ssmI  reach  its  snterior  saHhce,  at  tlw  peri- 
phery of  which  tbey  become  straight  t  the  arteries  tenninafie  in  loops 
frequently  dilated^  and  become  continuous  wiUi  the  veinsi  With 
respect  to  the  YSBcularity  of  tiie  vitreous  humotfr,  the  antlior  states 
that  although  many  anatowista  ha^e,  ni  general  terms,  represented 
^e  arteria  centralis  retnm  as  giving  off,  in  its  course  liaroa^  this 
6rgan,  minute  bsaiiches  into  its  substance^  still  those  who  have  pidd 
eapecial  attention  to  the  snb^ect,  fa»re  not  been  able  to  find  aneh 
tessels.  He  believes  that  the  nutrition  of  this  structure  is  aceom- 
plished  by  the  fluid  brought  to  its  surfeee  by  the  <^kury  processes  of 
the  choroid,  which  fiuid  is  ^^fiiised  with  fieicility  through  its  entire 
substance  by  means  ef  tiie  corpusdes  of  which  H»  membrane  is  com- 
posed, assisted  by  the  semifluid  character  dl  the  humour. 

The  tMrd  class  of  extra-vaacular  tissues  comprehends  the  epider* 
moid  appendages.  Hie  autiior  deseribea  t^em  idl  as  composed  <^ 
corpusdes,  which  are  round  nxA  soft  where  they  are  in  contact  with 
the  vascular  chorion,  oon^ressed  and  flattened  where  they  are  fiaHier 
reavoved  from  it.  He  points  out,  in  the  substance  of  the  hbof  of 
the  Horse,  the  exiBtenee  <yf  fine  canals,  which  he  supposes  to  ccmduet 
fluid  through  its  mass;  and  he  states  that  the  perspiratory  duets  of 
tilt  human  subject  possess  a  structure  antilogous  to  the  spM  vessels 
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Qf  plantB.  The  ikuthor  deacvibes  eftck  o£  tbe  tiasuee  of  tbb  clam  8t 
lengtlv  a&d  shows  that  the  Yftdoua  mo6iiimtbi»  pretented  by  die 
raaquiar  system  with  which  each  is  in  aentaefe^  hate  the  ade  objeot 
of  enabling  a  large  quatiitity  of  bUood  to  approach  amd  outsukte 
slowly  arouncl  them.  He  also  ^lointa  oiit>  ia  ooimexum  with  this 
aubjecf^  the  remarkaUlie  vital  preq^cvties  vlhioh  aKeineaessed  by  t^eee 
non-vaaouUo' tissues. 

In  conpliuiiog  tbia  papers  the  author  stakes  tbnt  hie  cbjeot  has  been 
to  establish  as  a  lnwin  animal  physiology*  that  Kissuss  are  capable 
of  beiAg  nonmhed,  end  of  increasing  in-  size,  without  the  preseno^ 
of  blood«vesaels  within  .their  substance.  He  shoisn  tiie  analogy 
which  is  presented  between  the  taBtni<»vaaeular  miibal  mdih*  eztni# 
TBSoular  vegfatabk  tissues.  H&  expresaes  a- hope  that  the  uppUoa^on 
to  suxgery  of  the  above  law,  with  reference  to  the  prolongation  of 
blood-vessels  rato  the  extra-vaaoufer  tii^suea  dueling  disease,  and  to 
pathology  in  the  investigation  of  As  imtmm  of.  merbid  stnietures, 
partioaterly  of  those  classes  wUeh  contain  «o  blood^Teaaela^  'wdU  he 
not  devoid  of  interest,  and  wiU  be  prodttctive  of  some  advantage. 

The  Society  then  adjourned  ovisr  tiie  Wfaitsnn  receaa,  to  meet 
again  on  the  I(Mi  of  Jwae. 

June  10^-^The  fiiUawing  papers  were  readr  via.-«*«« 

1 .  "  Magnetie-tevin  Obstrvaftioitt  made  «t  Mflon,  on  tbeidlat  and 
2an4  of  April,  184L"  CcvnnunSoatod  fay  Ftofeaaor  €arboi>  For. 
Memb.  U.S. 

9.  "  Register  of  Tidal  Observations  ma(ki  «t  Prhifle  of  Wales's 
lBland»  in  July.  August  and  6i^Mtember.  1640.!.' 

8.  "  Register  of  Tidal  Observations  made  at  fiingi^re  in  July* 
August  and.  September,  1840/'    .    • 

Theae^two  patera  were  presented  by  the  Diieotora  of  the  Saat 
India  Company,  and  eommuttcattidbyf.  M^  Rogjst;  M;D.,  6sc..Rifi« 

4".  "  On  the  Anatomy  and  Phyaiology  of  cenrtain  stnicinrea  in  the 
OrlHt,  not  previously  desorihed.'*  Bv* J*.M;  Femll,  Esq.,  M.B.LA« 
Commud;ucated  by  Sir  BeiigamiA  C-  Brodie^  Bert ,  F.R.S. 

The  aMtbor  deacribea  a  distinetfibrowi  tttoicA.  which  he  terma  the 
fnm^  vt^if^Us  oondi,  oontinuoua  witfithe  taraal  cartilages  aod 
Ug^mentB  in  fipnt,  and  egUeniUag  biMdcwards  tofiie bottom,  dr.apmc 
of  the  orbit.  J  thus  completely  insuliiaBg  the^globe  of  <  thd  eye»  aad 
keeping  it  apart  from  the  mutfcles  which  movo  it.  Thd  eye^baO  ia 
connected  with  this  flbreua  investment  by  a  celliikr  tistuoi  ao  lar 
and  delicate  aa  to  permit  a»  easy  and  gtidinir  taction  between  them< 
The  use  which  the  author  imgiM  to  wa  tunic  is  Aat  of  pioteotmg 
the  eye-hall  ftom  the  pressure  of  ita  nwades  while  they  are  in  ac- 
tion. This  tunic  is  pedbrated  at  its  etrcumfereuce,  bxA  a  &w  lines 
posterior  to  its  anterior  maigte,  hy  six  openings*  through  wfakh  the 
tepdons  oi  the  musdes  emeirge  io  paaatog  to  their  insevtioBa,  and 
«ver  whichi  as  overpullies,  they  jday  in  their  course.*  Aoonseqoeaee 
of  thi^  structure  is  that  the  recti  muscles  become  capable  of  giving 
rotatory  motions  to  die  eye  without  occaeioningita  retraction  within 
the  orbits  and  without  exerting  iAJurioos  preaauro  on  that  eagan.  In 
those  animals  which  are  provided  with  a  proper  retractor  musclei 
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the  recti  muscles  are,  by  means  of  ttils  pecnliar  mectiarubm,  ^nMtd 
to  act  as  fint^onists  to  that  muscle.  .     . 

5.  "  An  apcount  of  some  recent  improvements  in' Photdgtirtihr." 
By  H:F.  Talbot,  E?q.P.KJS..     "'  .       '  '      /  ", 

iflie  author  had  originally  ifitenA^d^  in  givfaftg'  au  nxicbntnt  of  hi« 
recent, experiment^  in  photography;. to )^av^  eojtered  into  nnmenm 
detiutswith  respect  to  tfhe^  pha^noij&efta  obseVt^  ^  but  fiiidfi^  limt 
to  ioUow  out  ti^s  plan  Would  occupy  a  tbn^derable.  ]tl^^^  b^  Ins 
thought  that  it  would  be  best  tcipl^  the  Sodetv,  hi  tlie  first  place, 
in  possession  pi  the  principal  facts^  and  Vy  so  doing  perfiaps  invite 
n^w  observerj^  into'the  field  during  the  present  favounible  season  for 
making  experiments.  He  has,  therefore,  confined  hnnsen  at  bxt^nt 
to  a.  description  of  the  improved  photographic  method/ to  tmichlie 
has  given  the  name  of  Calotype*,  and  reserves  for  another  ticelu5on 
all  remarks  on  the  th^6ry  of  the  process. 

The  .following  js  the  method  bf  obtmnW  the.  Cajlotj^pe  ^iitaxes. 

,PreparatiQtt  of  the  Taper.-— T^e  vl  sfifeet  of  the  best  writing 
paper,  having  fi  smooth  smface,  and  a  close  and  eyen.tertiire. 

The  water-mark,  if  any^  should  be  cut  0^,  lest  it  should  iqme 
the  appearance  pf  the  picture.  Dissolve  lOO.gnSns  |;>f  crydt&Cu^ed 
nitrate  of  silver  in  six  ounces  of  difetilled*  waters  Wash  the  paper 
with  thissolutioa,  with  a  soft  brush,  on  one  side,  and  put «  mark  on 
that  side  w^ereby^  to  know  it;  again.  Dry  the  paper  cantiouiUy 
at  a  distant  iire,  or  else  fet  It  diy  spontaneously  in  a  dadc  room. 
Wl^en  dry,  or  nearly  so,  dip  it  into  a  solution  of  iodide  of  po- 
tassium contsiining  500  grains  of  that  salt  dissolved  in  one  pint  of 
water,  and  let  it  stay  two  or  three  minutes  in  this  solutioji.  iTien 
dip  it  intp  a  vessel  of  water,  dry  it  lightly  witti  blotting-paper,  and 
finish  drying  it  at  a  fire,  which  will  not  injure  it  even  if  held  pretty 
near ;  or  else  it  may  be  left  to  dry  spontaneously. 

AQ  this  is  best  done  in  the  evening  by  candlelight.  The  pi^er 
so  far  prepared  the  author  calls  iodized  paper,. heCBXtse  it  has  a  unif 
form  pale  yellow  coating  pf  iodide  of  silver.  It  is  scarcely  sensitiTe 
to  light,  but,  nevertheless',  it  ought  to  be  kept  in  a  portfolio  or  a 
drawer,  untH  wanted  for  use.  It  may  be  kept  for  any  length  of 
time  without  spoiling  or  undergoing  any  change,  if  protected  from 
^he  light.  This  is.  the  first  part  of  the  preparation  of  Calotype 
paper,  and  may  be  performed  at  any  time.  The  remaining  part 
is  best  deferred  \u;itfl  shortly  before  the  paper  is  wanted  for"  use. 
When  that  time  is  arrived^  take  a  sheet  of  the  iodized  paper  and 
wash  it  with  a  liquid  prepared  in  the  following  manner: — 

Dissolve  100  g^HB^nB  of  crystallized  nitrate  of  silver ^  two  ounces 
of  distilled,  water  j  >dd  to  this  solution  one-sixiii  of  its  vohime  of 
strong  acetic  acid.     Let  this  mixture  be.  called  A. 

Make  a  saturated  solution  of  crystallized  gallic  acid  in  cold  di* 
stilled  water.  The  quantity  dissolved  is  very  small.  Call  this  solu- 
tion B. 

When  a  sheet  of  paper  is  wanted  for  use,  mix  together  the  liquids 
A  and  B  ii^  equal  volumes,  but  only  mi±  a  small  quantity  of  them  at 
*  S^  our  last  Number^  p.  88.^Ei>it. 
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9  ti^^e,  becanse.tbe  n^stu^e  dqe/^r^ot  keep.lopg  t^         sppiUng.   I^ 
shall  call  tfus  mixture  the  gdHo^nitrate  of  silver .' 

Tkk^p.  jtake  m  shpet  pf  ipd^ei paper  arid  wash  It  oyer  with  this  gallo^ 
mttate  of  silver,  with  a  soft  bmsh,  takm^  fjarie  to  wash  it  on'  ^he  side 
i«hi(4^  haa  be^u  previoii^ly  sji^arked*  Thi/s  bperittion  shouid  be  per- 
fpnxied  by  caziijleJ^Bt^  i^i'X^;^  paper  rest  half  a  painute,  and  then 
dip  it  Jato,. water.  Tten  dry  it  hghtjy  with/^Iotting-paper,  and 
fijxftlly'dry  It^cautiously  at  a  ^q,  hojdin^  it  at  a  considerable  distai^ce' 
therefiroin.  "WWi  diy.thejpeper  is  fit  for  use.'  The  author  has 
Qiamed  the  pajjer  thus  prepared  Calotype  paper',  op  .account  of  its 
great  utility  in  obtaining  5ie  pipturea  of  objects  with  the  camera 
obscura.  If  this  paper  be  kept  m  a  press  it  will  often  retain  its 
qualities  in  perfection  for  thrf  e  months  or  more,  being  ready  for  use 
at  any  moment ;  but  this  is  not  uniformly  the  .case^  aiid  the  author 
therefore  recominends  that  it  should  be  used  in  a  few  hours  after  it 
has  been  prepared^  If  it  is  used  immediately,  the  last  drying 
may  be  dispensed  with,  and  the  paper  may  be  used  moist.  Instead 
of  employing  a  solution  of  crystallized  gallic  acid  for  the  liquid  B, 
the  tincture  of  galls  diluted  with  water  may  be  used,  but  he  does  not 
think  the  results  are  alto^ther  so  satisfac^ry. 

Vse  of  the  Paper, — ^The  Cahtypepaper  is  sensitive  to  light  in  an  ex- 
traordinary degree,  which  transcends  a  hundred  times  or  more  that  of 
any  kind  of  photographic  paper  hitherto  described .  This  may  be  made 
manifest  by  the  following  experiment ; — ^Take  a  piece  of  this  paper, 
and  having  covered  half  of  it,  expose  the  other  half  to  daylight  for 
the  space  of  one  second  in  dark  cloudy  weather  in  winter.  This 
brief  moment  suffices  to  produce  a  strong  impression  upon  the  paper. 
But  the  impression  is  latent  and  invisible,  and  Its  existence  would 
not  be  suspected  by  any  one  who  was  not  forewarned  of  it  by  pre. 
vious  experiments. 

The  method  of  causing  the  impression  to  become  visible  is  ex- 
tr^tnely  simple.  It  consists  in  washing  the  paper  once  more  with 
the  gallo-nitrate  of  silver,  prepared  in  the  way  before  described,  and 
then  warming  it  gently  before  the  fire.  In  a  few  seconds  the  part 
of  the  paper  upon  which  the  light  has  acted  begins  to  darken,  and 
finally  grows  entirely  black,  while  the  other  part  of  the  paper  re- 
tains  its  whiteness.  Even  a  weaker  impression  than  this  may  be 
brought  out  by  repeating  the  wash  of  gallo-nitrate  of  silver,  and 
agam  warming  the  paper.  On  the  other  hand,  a  stronger  imprest 
sion  does  not  require  the  warming  of  the  paper,  for  a  wash  of  the 
gallo-nitrate  suffices  to  make  it  visible,  without  heat,  in  the  course 
of  a  minute  or  two. 

A  very  remarkable  proof  of  the  sensitiveness  of  the  Calotype  paper 
is  afforded  by  t&e  iact  stated  by  the  author,  that  it  vrSi  take  an  im- 
pression from  simple  moonlight,  not  concentrated  by  a  lens.  If  a 
leaf  is  laid  upon  a  sheet  of  the  paper,  an  image  of  it  may  be  obtained 
in  this  way  in  firom  a  quarter  to  half  an  hour. 

This  paper  being^  possessed  of  sp  high  a  degree  of  sensitiveness, 
is  there&re  well  suited  to  receive  images  in  the  camera  .obsctira. 
If  the  aperture  of  the  object-lens  is  one  inch,  and.the  ^ocal  length 
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fifteen  Ihdies,  tKe  tti^ttto^  ^adi  t^l  «Mir  mkmt&  k  <i^>Bpir  -nffioiAt  in 
summer  to  impress  a  tftntng  imit^  tipoft  tiM  fMq^  of  mxf  'building 
iHptm.  whSdi  die  «an  is'fehiAhig]  W)i«a  the  aperbm  amottnto  to 
one^tlurdl  of  tl^  fecal 'length|-4tid  the  objMt  U  -wetf  ^irkite,  w* 
pkMtfcr  bUif,  ^c.)  il  appears  t6'  hitn  Clkat  oM  s0$ond  is  MfioxBt  to 
obtbiii  a  pretty  good  iimige  of'it 

The  images  t&aa  rSoeived  tipoti' 1ilke<  Calatype  paper  arefor  tiM 
iiioM;partitinsft)ldimpiiM8i«»ii0.  They  may  be  made  vilsble  l^ibe 
process  Already  t!e]afted»  namely,  'by  washiiig  tibeoi  with  the  galla* 
nitrate  of  siiter,  atd  theb  wanniiig  t^e  naper.  MHiea  tkufi  paper  ia 
qtftite  blank,  as  2s  ^^et^Qly  tfae^  case,  It  ia  a  highly  oarioiia  and 
beautiful  phssttomebon  to  eeetb^  apottiuieoqt  eotomenoemiail;  of 
tiie  f)ictut«»  fi»t  ti^ci^^  <mt  tlKe  atsrong^  outlinaa*  aad  then  gta* 
ddaUy  filling  ihp  aiiUie  ^uttMMmanind  'mnpiibated  delailsi  The 
artist  should  watch  the  picture  as  it  developes  itself  flsd  wfata  m 
his  judgment  it*  hoti  emitted  th«  graifteat  iiegrea  of  strength  and 
deamess,  b^eh<MiNI'Mbp  fiarthei*  pragres^by  iriyalnog  it  witii  «bo 
fijotig  HquWi         J'      i 

The  fijnng  proce89» — ^To  fix  the  picture,  it  should  be  first  wmfcfaad 
wit!i  water,  then  Dglfdy  Med'^ith  blottUig^papei^  miBL  then 
washed  "tfTilh'a  s6Mk»i' of  ^r^midi^  »f  \f9t9nwm' (HmtBoaan^  WO 
^rainfc  6f  that  salt  diis(flved'  kl  tight  ^r  t^iounees  ttf  #ait«i!4  '  After 
aminute  or  two  h  dhMdd  ^fae  again  dipped  in  wnter  and  tiien  SmiOkf 
dried.  The  pidtare  ii^  itt  'tbis^tn&tm^r  very  strongly  fiated»  and  «lib 
this  gi^ebtiLdtvbtage^'thalf  ii  remains  tMwpaxtni^  andtt^VdnneH 
fare,  th^re  i»  ik)  dffi«ul«y<lnWbtaintligi  acopy  iromit.  ThrJCn4 
lotype ptctik^  is  a aeyitf^  one;  in ^ivihioh ^he  ligiMnof  nature  nta 
fepresetil^  hy  (trades  y  tiit  1h<tf  ttipies  afe'/wW<H»^>  hecang  tl^e  limits 
aonft^rmable  '^  nafwartf.  l^cfy  idso>  mt^^rasentitbe  cdojeeta  in  their 
natural  position  with  respect  '«o> right  and  Iqft.  The  •cofnea  ^aey 
be  mad^  upbii^  Oatbti^tf  jii^er  in «  i^evy  shon  time*  the  iakrialble 
inipfesttotts  be(ng  Iniiffktmakiithe'WtCf  ah^ady  desoiibed^  But 
tSie  autiior  prefere  to  make  ^le  copies  itpon  pbotDoraphidpaperpm* 
partdin  the  tMy  Which  tvamigimdly'deactibtd  in  a  meowiv  aead 
to  the  Royal  ISdciiGrtT' in  Pabru&ryij93^»  and  whidb'ia  made  hf 
wa^hinff  thebe»t\hit!ingpaperi  j^>^  widi  a  weakBotutio«<if  «aA4 
men  salt,  and  ^eJtf  With-a  aoliltMHi  of  nithiteiof  ailiver,^  Alttenghit 
takes  a -mutfh  IiMg^  'litAe  to'^btnin  a  <K)py  npon  thai  paper»  yst 
%hen  xibtaitted.  tbte  ddts  ap|^ea»  more  harmonioua  and  pkaiing'tD 
the  eye ;  it  requires  in  general  from  3'  minutea  tD>  dO  minjaftea  el 
sunshine,  according  td' ^irouteiitanetf a.  to  obtain  n  good^^sopy. on 
^is  sort  of  pht^ograph4<r  ^apisr.  >  The  copy  ahould  ba  waahed  and 
dried»  and  the  fixing  pi^ocesa  (whi^h  may  be  defetfnd  to  a  anbse^ 
quent  day)  is  the  mook  as  that  already  laentioned.  The  oopiea  aia 
made  by  placing  the  picture  upon  the  photogiapinD  paper»  with  a 
board  beW  and  a  sheet  of  glass  aboYe»  and  preaaing  the  papers 
into  close  contact  by  means  of  screwa  or  otherwise. 

After  a  Oalotype  pactare  has  furnished  aeveml  ooinea*  it  aooie* 
times  grows  faint,  and  no  more  good  copies  can  then  be  made 
*  Printed  in  Phil.  Mag.,  Third  Series^  ▼oL  sir.  p.  80il^fi«nr. 
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it  But  tteee  pMtarea  poaieat  the  betntilol  and  .exAvaoiduMry  pio- 
ptrty  of  being  stuceptibie  of  leyiyal.  la  ordev.  to  jreyive  th^m.  iwd 
restore  ihmr  original  appeaceaco,  it  it  only  neceaaary  to  wajAi  tibten 
again  by  eaniHeligbt  iritb  gaUo-nitsate  of  alrer,  and  warm  them  i 
this  oanaei  aU  the  shades  of  the  pictwre  to  darken  greatly^  ivhilS' 
the  white  parts  remain  unaffected.  The  shaded  parts  of  the  pi^ier 
thtts  aoquiie  an  opacity  whioh  gms  a  renewed  spurit  and  life  to  the 
copies^  ol  which  a  second  seriea  may  now  be  taken*  extending  often. 
to  a  Tery  cdasideiaible  number.  In  tenying  tha  picture  it  some- 
timea  happens  Khat  various  details  make  theiv  i^peaianoe  whidh 
bad  not  before  been  seen,  having  been  latent  allthe  time,  yet  ne« 
Tertibeleas  not  destroyed  by  their  kmg  exposure  tp  sunshine. 

The  author  terminates  ^ese  obserrations  by  stating  a  few  expe*- 
riments  cakolated  to  render  the  mode  of  action  of  the  sensitive 
paper  iBOfe  familiar. 

1.  Wash  a  piece  of  the  iodtMed  paper  with  the  gallo*nitrate ;  ex-< 
poae  it  to  dayHgfat  for  a  second  or  two,  and  then  withdraw  it.  The 
paper  will  soon  begin  to  darken  spontaneously,  and  will  grow  ^^uite 
oomk. 

2.  The  same  as  before,  but  let  the  paper  be  warmed*  The 
Mackemng  will  be  more  rapid  in  consequence  of  the  warmth. 

8;  Put  a  large  drop  of  toe  gallo^nitrate  on  one  part  ol  the  paper 
aAd  moisten  another  part  of  it  more  spatangly«  then  leave  it  ex- 
posed to  t  very  feint  daylight;  it  will  be  found  that  the  leasee 
<|«aality.pflR>dnces  tite  greater  eflfeot  in  daikening  the  paper ;  and 
ia  general,  it  vnM,  be  seen  that  d^  most  rapid  darkening-  takes 
place  at  the  moment  when  the  paper  becomes  nearly  dry ;  also,  if 
only  a  portion  «tf  tim  paper  is  moistened,  it  will  be  observed  Uiat 
the  edges  or  boundaries  of  the  mmstenedpart  aie  mose  acted  on  by 
Hf^t  tibaa  any  otherpart  of  the  sur&oe. 

4.  If  the  paper,  after  being  moistened  with  the  gallon-nitrate,  is 
washed  with  water  and  dried,  a  slight  exposure  to  daylight  no 
longer  snffioes  to  produce  so  much  &color«tion ;  indeed  it  often 
produces  none  at  alL  But  by  aubsequentiy  washing  it  again  with 
the  gallo-nitrate  and  warming  it,  the  same  degree  ef  disooloratiQn 
is  devdoped  as  in  the  other  case  (experiments  1  and  2).  The  dry 
paper  appears,  ^erefore,  to  be  6qual>  or  superior  in  senritiveness 
to  the  moist;  only  with  thk  difierence,  that  it  receives  a  virtMoi 
instead  ol  an  mstual  impression  fieom  the  lights  which  it  requires  a 
sabaequent  process  to  devebpe» 

5.  *'  New  mode  of  preparation  of  the  Daguerreotype  plates,  by 
wbidk  portraits  can  be  taken  in  the  short  qiwe  of  time  of  from  five 
to  fiffceea  seconds,  according  to  the  power  of  light,  discovered  by  A, 
Glaudetin  the  beginmag  of  iVfay  1841."  Communicated  by.  the 
Marquis  of  Nortli«npton,  Pres.  R.S. 

"  My  imprevement,"  says  the  author,  '*  consists  in  using  for  the 
preparation  of  the  pktes,  a  combination  of  chlorine  with  iodine,  in 
the  state  of  chloride  of  iodine.  I  fi^low  the  preparation  reeommended 
by  Dagnerre.  After  having  put  the  plate  in  the  iodine  box  for  a 
short  time,  and  before  it  has  acquired  any  iqppeaianoe  of  yellow  co- 
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lour,  I  hike  if  out,  iM  pcLs^  it  fbr't^ut tW6  s^b^tidES'tiv^  tbe  opeD^ 
ing  of  a  bottle  eontdningdhlorid^  of  iodine ;  ^d^isitaMdiateiy  I  pot 
it  again  in  theibditie  hofx,  'whcM  it  ac^ir^sT^rf  soon' tft«  yellow 
tdltmr,  wfaieh  shows  tliat  t!xe  plat&  b  rei^y^tcy^e  jiltte^  into  the 
camera. obscura.  I  have  substitutdcl  to  'uie^ebifkiiSitf  bf'ic}diiie» 
IdHlbiftM^f  broinine;  atid'We  f^iiiid  n«Arly  <(!he«IUner¥e«iIti ;  bat  I 
pei^riM6ti6t  k  idditie  ^pnoducii^ 'a- better  efi^6t;«iid  heu^, 
6ri;Wretl)C!rtt<ifthe'ttOXidti8Smd^  '•     "■  ■ 

1  tel  Theitstdtof  iny  pr^>ahitioift»  such',tlmt  Ibave  op^itttedm'tea 
i^6oti^ 'With'the  satne  apparatus^;,  '^dhi  'without  tmy  ddotiii«»  t«* 
qtdred'ftHir'or  five  minutes ;  when.nsiixg  only  tbe'c^kiiMd  pvepiUB« 
«toh'"drDagaerre,'  1  MVe  obtained  ah  linage  (^  vmds  in  f(m 


.  GSOLOCaCia  SOCIBTV* 
-    :(;€bnftuMifl(lfr0iiiyolzvm.p.40Q.] 

Dec.  16, 1B40;^A  paper '« On  tlie  Reklire  Cennecfekm  of  the 
Basterh  oAd  Western  €b«lk  Denudations/'  by  P.  J.  Martio,  £eq., 
F.O.S.;  Was  read, 

'  The  audior  advances  tihis  aa  tdte^first  of  a.  scoiea  of  pi^ni  on  the 
oohstruotion  of  that  part  of  the  country  usually  coiDsidered  as 
appertaining  1x>  the  great  dbalk  denudatioik  of  the  Weald,  or  noie 
properly,  the  upbunrt  of  the  secondary  iormations  betvee&  the 
tertiary  of  the  rei^ot&ve  baaitisof  Jjondon  and  HampifairBw 

In  venturing*  on  this  fidd  of  inqudry,  he  professes  also  to  take  up 
the  subject  where  it  was  left  by  him  in  two  former  memoirs^ione 
published  in  1 828  under  the  title  of  a '  Oeologiosl  Memoir  of  Westen 
<9n<8sex,  with  some  ObservatiOnib  on  Chafic  Basins  and  the  Weald 
Denudation*,'  the  other  in  the  '  Philosophical  Magazine '  tar  Fe- 
bruary I829t;  and  to  extend  the  number  of  dettonBtralaive  facts  Jthat 
bear  upon  the  theory  of  deuudatioa  by  disruptive  violence  and  eon- 
temporaneous  aqueous  abrasion,  there  brought  forward  as  a  ooroUaiy 
to  Dr.  Buckland's  theory  of  '  VaUeya  of  £&vafcion/ 

In  pursuance  of  this  object,  he  begins  by  an  examination  into  the 
ai^rangemedt  of  the  neat  chalk  dome  of  Hampshire  and  Wiltslur^*^ 
the  Patria  of  the  cnalk  of  Pleanant  aad  Cooybeare ;  its  anticlinal 
fines  of  Astmbanoe  or  upheaval,  and  their  oonnectioDS  with  tiiose 
'of  the  Weald  and  the  smaller  western  denudations  of  Pewsey*  War- 
dour  and  Warminster. 

He  finds  that  six  great  anticlinal  lines  are  the  main  instnunents 
of  the  upbearing  of  this  abraded  chalk ;  tdiat  tibe  three  which 
characterize  the  smaller  anticlinal  western  valleys  are'  projected 
onward,  and  in  a  manner  decussate  three  others  which  emanate 
from  the  western  extremity  of  the  greater  valley  of  the  Weald,  the 
vale  of  Wolmar  Forest,  from  whence  he  starts  his  inquiry ;  and  that 
these  lines  do  not  inosculate  or  enter  into  each  other ;  approxima- 

•  An  analysis  of  this  memon*  appeared  in  Phil.  Mag.,  Second  Series,  vol. 
iv.  p.  38. — Edit. 
t  Second  Series,  vol.  v.  p.  111. 
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tiog^  iodf  ed,r;bat,}M^I«.  iii,;Eiiiyrp^.  of  tU^t^r.Gpiwe^^  .^eyeiivllkjri  dying 

Their/c^»r8«  aarft^^^^.inpeg^lafi  ^d.  ihek  ibrc^  c^cceeijliogly  varia* 
Vtei ;  batr,thWfg«ii^.  paridklUm  is  ^ifiXmn^^  tbroughput,  tbeir 

.  t'jcke  Few«fy.Jioft^.«ft««  pwsiftg  thrp^hj.tbe  vfdleys.of.  Ham  and 
Kua^M^evej  is  traoeaWeibft^yew.Wo^v^^tpnraadfHaawing^o^  .on 
towards  Monks  Sherborne, ;ai>di&4^9  Wjay>at.0MQ9i^ng.fappa;rently 
iritbout.^atori^  tbe  ^t^rti^f^y^bo^^  of;^e,Xon4oi^  ba«iu**  >  This 
laeeta  in.. syhoUus^al relation, r<vith.  a  Un^^.pzx^ject^  from..tbe.nQ^b- 
weit.G«drn«r,Df  ^e-Wobnary^ll^y^oQ^  Pea^eM^rsh,  n^ar.  Guildford, 
thr9ugb  Famt^an^.and  tji^e  biigj^  duij^'  raoge  ,of.FrQylq,.  Sbftldon, 
Dummer  and  Popham,  and  appears  to  ifade  away  in  tjbe  Q^^ni^ry 
^west  of  Andover,  where  it  is.lost  in  the  greater  swell  of  the  Burfi:h- 
dere  Hills,  and  the  more  dominant  power  of  the  Pewsey  upheavaL 

The  anticlinal  line  of  Wafdbur,  Idft  'bVDr.  Fitton  (in  his  '  History 
of  the  Beds  below 'th«  Cbalk't)  aitHbhilMUki  Hfll,  S.  of  Salisbury, 
Mr.  Macrtni  finds  traoeabter'  feafltwaidi  nortb'  of  Dean  >Hiil,.  and-^aat  of 
tbe  AvoHy  to.the  baidfis  ofitb0rT«at»<^bAt»it  dif^^^uider  tbetertaafF 
beds  between  Michaelmarsh  and  Romsey,  and  app«ttr9  tofedd- fcway 
between' the  abo^pe^mentioood  nYtio  Mid  tSs^luimg^,  ^  In  ay«Mi)mal 
velation  tbis  line  iatfdso'metejid^pasaKd  by  a  Tei!y  il3markaU«-aatif 
cimal,  traeeable  in  strict .  approyiffnatfan  ivid^j  and  Jby-and^by  to  be 
]iit>wd.to  be  ^kna.pnmmat9tau»)eU  thet  wb^toli^  of*  th£i  .South 
Down  escaipniciKt  (^ith  a  amall  excep^i/odd  be1{w«^  Lfewes  aed  Poy- 
uings)  £nim'  fieachy  Head  to  £as(k  Mean  w  liit  the  vicantty  •of  this  place, 
at  Langriahv'  it  entets  the  ohaIk»  passes ttbrottgb.  tbs  antiolioAL  vaUey 
«of  GhUcomb  neat  'WinobeaUr  and  thajb  oity,  and  is  Joat  in  tbe  Boa* 
sington  HiUs,  poobitiAg  towards,  butm<»t  satbsfaotovily  tractd-iat^, 
tblie  Warminster  line-  t  ,  * , 

*nie  detaiiB  (rf  aU  three  linos  of  elsivalion  ane  made  ovit  in  the 
Ordnance  Map,  and  asctiuns  ^ven;  of  the  most  iUiistraftwa  pointa : 
mid  Mci  Martin  add&aome:  obseiVationftiTtapeotiii^.the  entmace  of 
the  great  central  line '«f.eisvaitioik  bi  tbo/Weidd  injba  the 'chalk  at 
43^1bome,  and  ite  progvess  westward  between:  the  lines  oi  Paase* 
maxah  on  the  north,  ^ipd  of'  Greaihttnit  ov.t)]^  South  Down  on  the 
aoutii,  tillrit  fades  away  iii  the  gseal  fdalaau.of  Salfebury  Plain.    . 

The  ottthioir  cfimclndes  tbte  'pap^r  wttbisome  fefcarencelo  tbesiib- 
J6ot}  of  tranaverse  f raotbcca  in  Ajbese  aevetal  ion^tVidinill  fiewr^s,  and 
the  cross  drainage,  to  which,  like  that  of  the  Weald^heproposeato 
return,  in*  extension  and  emendation .  of  the,  di^uisilion^  iormerly 
published  by  Idm,  as- above  allided  te,  and  whieh.  will  be  addueed 
aa  ilkutratrre  of  the  strong 'probability^  if  they  do  not  amount  (in 

*  The  author  thinkf ,  tliat  although  this  line  (s^H^  awav  as  it  enters  tbe 
tertiary  heds  at  Old  Basing,  It  is  probable  that,  after  passing  silently  along 
the  London  basin,  it  is  revived  again  in  the  Isle  of  Thanet,  which  is  a 
chalk  outlier,  by  protrusion;  tn  the  same  i^ay  that  the  parallel  line  of 
Portsdown  Hill,  High-down,  near  Worthing,  and  the  Seaford  Cliff  (figured 
by  Dr.  Mantell)  does  on  the  southern  coast. 

f  Geoh  Trans.,  Second  Series,  vol.  iv.  p.  244.  et  n^. 
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connestiaa  yatk  the  pfaemoiaeiia  of  idffift;)  to  ttbtq^atenpikMif,.  of rtiift  ' 
clo60  inlatioii*  ci  the  acts  of  iQiheinrdiand  mknt  aqaeooi^QbiMiaB^ 
Tbii» neocsMuily  ittfdieB  tiieteUefthit' the  date  ail^baaeilasam  ot 
dittuxbiiiioe  is  poaterkir  to  tfaaitof  nU^M-st^alafi^iMs^fi^efloath-  . 
east  part  of  England,  as  maintained  in  the  authca^>  facmBf ^eiiliyi;  i 
biife^Bito  the  fall  dtscuMion  of  irhicb  he  d^dliiie^  tc  «ita>:till:Ihe 
nKhols  Bubjcot  IB  before  tiie  Sodet^. 

Jan;  G,  ld41<-«^Apapir  ^a»  tot  vaad  "*'  On  the  i&irtzBtios  ctf 
Geological  Phdnomena  by^  means  o#  Models^"  ^hf  TlidmstttB^ipwitbi: ' 
Bn}^F»Cj^iB«      -  '    .     '      :        •■;'.■.•,.,■..,.,•■  -....* 

Mr.  Sopwith  commeneee  by  itatiogr  "^lat  damkig^oB/auAcbb,* 
vey  tothe  almda  comet  notioa  of  geoibgical  phgnomem/'wlntre 
moTBplUiCBt^nOne  aan»te(^viired|  a^  t^fenrpersooviBaramio 
of  the  extratsdlBaiy  ohaogee  whith  a#e  pniddoed  in  the  eosduaN 
tiotn  of  strata  by  viewm^  them  on  different  ^aoM^  oipecidly^  thA^ 
strata  are  dirioott^ ;  or  in  undiBtUMf^ed  m^  pwrtdhl  stratA,  of  die 
totaUy  different  apparent  forms  which  are  exfa3)ited  on  in^iHOM' 
dcdMtmg  supkce  aiul  in  any  ptese  section^  >af  the  lateHorw   ma 
dlfiltoteiov  10  of  great  importaan^i'iii  Qiim&g'planB»  tsSicrer  tbe^««r«- 
fade^mdy  in  tte'fintimatance  is  acceaeible  to[  fexaminiyrion^  width*. 
ohtjBrreris  too  apt  to  isierifRiiiL^ti  ito seAitcnmieim  tdatsonaol' 
thdfettata/    To eonvey  cleat  sotiowof  tiMo di^resoss  Mr.  dop* 
with  has  prepared  a  series  of  hand  models,  about  two  inchte)ii(|Bta»^ 
fanned  of  la^en  of  dlferently  oohiUMd  woodsy  inid^cipahio'qf  beiiig 
disetoted;  to>  a^oertain  extent^  tertieellly,  obliquely ^rt  liotiBentiJIyj 
Thayiara  also  eo  Idicped  on  the  sppeir  aunface  as  tacddnbit ths  na- 1 
dttleliionstof  the  gvomd.    U  ia  Mt  posdhl^'todontEaT  tarbalif ^s* 
ctornodonoltlw  many  ourious-e^oibinitiohir  cbBhibrndbyttfacw: 

models*"-    *    -  ".-     J":  '''  "  .  i    .      •■    a"    -l  ,-.    .  a    '.    '    *\ 

A  papertwas  neat  r^d,  ^''On tiie.'Ocblogytof  theHslaiidrof :M»»- 
ddr%f'  by  JameaSinai,  Bsq«*  ofiJ>^dah  HIU/J^^GjS.  >  '  /'    u     -i 

Hie  cmaliof'  that  ^alimdi  Mr«  Smith  itatea,  ia  oasp08e4  to  Hm^ 
dq)t)hidf>aefv«raIihoasand  fedtof  dabiUinal^oloanic  mtttteiv  iruplbd' 
during  the  tertiary  period ;  and  he  adds,*pariiape  tuvodief  >vdlumid: 
regkm  offers  more  favourable  oppottanilaM  ibr  inJi^estigHkiea,-  To 
aecooni  for  its  ^  xvfgedi  .and  fragmentary  ohai^wter^i  it*  is  mi'neeai^' 
sary^'h*  si^a,  /to  havetreeomree^tld  th^  suppoeitionj  that  Milddim^ 
iattneofihefemfuorof  «  vaatoontinmitvr'aB  ther^  are-ikif  Chefolwr 
catnetoonstittijtiim'of  the  ialandy  and  in  the  aefioA/of  ^  tiib<mnaahiin7 
tgntiktsy  auffioientidementa  to  afford  date' ibr  etplainiag  evenf' 
phyriual  phittnoincsioD*  *  '  *  t    ;  *  -  < .  -<    r  -'  ;  .  < 

TbeagneoOaroeks  composing  the  gt^erpfiartof^(the^islaMi»'ara< 
UtfOB^  aand^  and  tmbtB,  ividx  bemb*>  lapilli*  iminke>  voicanib  daosiie  or 
oindicrs»  ta6is  and  conglomemtes;  and  the  aon4gnieous;  the  Bmestone 
of'3an  Yincentej  the  coal  or  lignite  of  San  George^  and  tiie  sanda 
of  Oanif  al. 

Volcanic  Rocks* 

The  lavas  are  wholly  basaltio,  containing  nameroos  crystala  of 
divine ;  and  they  are  compact,  scoriaoeous  and  veaicniar. 

The  compact  variety  ocoura  itt  beda  or  ooaMir  intraatimtiied  widi 
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tte  otter  irokaiBO  pro4octt/aid  in  Ayhm  wUMi  i&ttnact  aU  th« 
IgasocM  t^dn^  .  It  it  oooMioiudl^aaM^hatts^bat  moife  oiUxkmdiAf 
oohiBiur;  it  abo»  thotigph  ntftfly;  presents  rsgtikr  oolumsa.;  wui' 
it  ife  soBtttimeft  Mkustose^  poaecHBingplittts  of  ^e«nge  10  well  as*  of  . 
regular  fitrobifidtttbnk 

Th^  acnrittwooi  iiaattU  is  rough,  and  povoosr  resemUiog  the  dag 
of  a  foundry.  Where  the  bed  is  thin  it  is  tDODSoebas  tlmnghitel^.' 
bal  whflseitlsDf  Accrtsin  thtokiiess  only  tiit  ui^sr  ami  lovtiersUr- 
£scss  oxhibik  this  ■  dtaraotfer^  Tiro  cavmns  of  oonsUbmbb  nuigni^  -- 
tude  occur  immediately  to  the  west  of  the  principal  landiiig-l^l^oei 
at  Fandmlf  and tharoare otiiersiinthe  iskndu 

The  Tesionlar  Ittra  or  basdt  preseBts  through  its  whok  mass  a 
ponotts  tsaLtuim  The  latge  vesiolea  fasare  bees  flattened  by  the  gra^ 
Tity  of  the  lavb^  and  elongated  in  thft  atreolion  in  whtcdi  the  eouMt 
flojsed.  Where  tbey  lyre  numtixxis  and  mSamt»g  ibef  pennit  the 
radc  to  ba  aasiiy  htmn ;  and  Ihia  vaiifity  is  caUbd  «MMta  r^ftt,  m 
the  hiid  building  stone. 

The  lapilM»  sinflU  aabes  and  vokaoic  bombs»  appear  to  Ihitb  beta 
pwyscted  anultaneou4y^  as  the  bombs  were  eridaatiy  half  imbedded' 
ia  die  finer  materiala  bythefoneof  their  fidl^  the  lattine  bfaneaftfai. 
tkem  being  beo^  npwasds»  and  in  8o«e  .instaaoes  t»  a  greater  hci|^t 
oa.oiie  si£  then  the  othcfc,  iadkatiog  the  dtceotion  in  which  the* 
hombefW. 

Th6  pinnioeans  kpiiH  are  white  or  U^  yteliotr,  and  rarely  «(z» 
cetd.tniaiiaa  pigeon's  egg.  Beds  of  puonoe,  i^arying  in  thickacsw 
&om  afew  inches  to  sevmdleet^  ooeur  either  on  the  surfM)t  or  ki-: 
ttfstsittfied  Wiethe  basalt  and  tula)  and  they  often  contain  polr« 
tians  of /&elivie#  voteamo  pffoduots»  aa  oinden  or  sdoriii,  .daapersed 
without  regard  to  gravitation,  proving,  Mr.  Smith  says,  that  thteai' 
variifeis  maNfislw  «ottld  not  hare  teem  deposited  under,  tha  sea^  be- 
cause in  water  they  *would  instaiktly  hav«  sepMrtted  adcording^  tot 
th«ir  MspeetiTeweifhts*  The  soorisi  or  dndns  also  form  axtenilve 
bodsw  They  sure  gsnatfally  reddish,  and^rary  in  aizb  aooordin|;ta' 
the  distanee  fiom  the  orifice  of  eruption/ 

The  asbsSf  both,  dark  and  lightWourod*  are  incoherent^  except 
whase  Ihmf  sro  mixed  with  etftby  malteor^  or  af^Marendy  fisll  on>ik 
haaMi  bona  of  eruptioq  \  and  in  these  «asn< they  fonn  aaooriaoeous 
mias.  Ttt&s  and  oongkNoaeratsa  compose  a  hxgt  pvoportioi^  of  .the; 
volcsasc  rocks  of  Madmrai  and  aieooosidered  to  owe  their  consist* 
eaoy'to  water*  Fragmonta  of  vegetabka  are  not  unoonuttion  in  them^ 
but  Mr.  Smith  is  not  aware  that  they  contatn  any  other  organic, 
rtmaite*  Msny  of  tiiese  beds  hare  bcnui  converted  into  veg^sble 
saiU^and  it  is  interesting^  the  author  says»  to  obaerva  the  roota  el 
|dants  alifi  in  th  e  attitude  an  whkii  they  grew  t  and  to  witness  trnaei . 
of  tiia  v«ly  same  ipbsBnomena  whkdiare  now  taking  plsne  at  the  surw 
face,  in  strata  which  have  been  buried  for  so  many  ages  under  solid 
rocks.  The  remains  of  plants  are  chiefly  found  in  the  vegetable 
soils,  bttttiieir  roots  occasionally  occur  in  the  hard  rode*  aid  the 
cracks  or  fissures  are  inmsny  cases  filled  with  closelyvmatted  maasia 
of  what  was  onoa  roots  and  fibres^  but  now  oonsiat  of  earbonato  of 
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The  principal  c}^Bi^  of  mountedns  must  ^.oi^e  »time»  Mr.  Smith 
states,  have  been  bj^c^  ^^Jg^.^r*  because  th^iir  i^eiy  {summits  consist  of 
beds  which  are  mc^^^h  only.,at  til»fi:Jbfv^:9C,«Q(i(ve  volcanic  cones^ 
There  is  con^eqpently-no  great  crater  in  the  island,  but  there  are 
ti^ri]^;if,oftf)^vie^;br^j^pat^}09«^  pup^.  89>aU  hteciil  opoea^ 

T)]|QrmQst,#z^^ni9iv^  q£.  the  longer  i;^  ^  *Cun^  4of^  Freiraf^.an  iia- 
m^n^trfi^q  alj^out, %e^ i^s  azv jengQir .one  inbineadth^ aa4  $00O 
%j,i^4^^..^H<J.  op?^|0»,it»  Jio^^msMls*  Th^  beds  of  basalt. 
tufa  and  ashes  of  which  it  is  composed,  dip  outwards  to  theib^se.  of 
tl^fiw>Hnj[^y  ^4{PwaUel  to  i^ti^.^urffhoa.  Mr.  ^mith  i&^convimscd. 
tbe  ,ypjcanic'p];9!duc^  of  th^  isteiof}  bc^g/subaeiialv  that  this  is  .not 
9tCf9f^x,f^i  e^evaticm^  though,  it  .^^gnQes .  with  the  ch^uractex:^  wbicb 
h^y^,be^.a^ig^^.  to  such  cnLt^i^rs;  and  he  is  furthear  induced  to 
U4ex,;^W^  tbetri^sen^(^iGe/ofi  tk|s.,Gun8il  dps  Fn^iraa  to.  the  joore 
anciax^l  portions. of  ^eAeriffe;,fmd  the  other  Cnmai^  Jsl^nds*  said  to 
be,pi;sters.o£  ele:^atioQ,raified,ftoin  benesth  the  leyel  of -the  sea,,  thftt 
at  wroi^  .conolusion  )h|s  b«en  ,4rawn4respectiag  them.  Ji^  does  uot 
object  to  ther^, being  elsewhere  true  craters  of  elevation. 

Jb^  prinpw^J.  lat^r^  cones  ai:^  to  the  we^t  of  FuncbaU  but  they 
are  ir^, gen^rsjl  so , pompletely  >b])Ott^d  with  .vege^tion  that  their  sti»c* 
tw;^  is  oonceiiBJed,  J^  the  ditch  q£  a  fort  constructed  on  on^  pf  thcniv 
qallc^  Pico  de  St-,  ilollo,  a  scoriacaous  co<\glo<p(mt^  int^Esected  by 
miinitebasaltic  veins  is, exposed ;  and  a  sinnlar  ccoigWmecate  ocpws 
in  thefogcti^^  island  in  Funchaj  Bay,  olso  at  the  eminence  at  the 
If^dingrpfape*  Somp  of  thesf  pones  arc;. covered  by  beds  of  lava 
^^d  tu{i^  erupted  &oxa  craterp  at  Cap^  Oiram,  in  one  instance  to  the 
tAidqie«ii^.of  .1400  feet,  The. beauty  «ud  regularity,  within  limited 
distances,  of  these  volcanic  strata,  and  the  richness  and  vaiie^  of 
tbek  9QlQurii\gK  are»  exceedingly  striking.  Ilie  most  remarkable  vol- 
cf^ifc  series^  ampunting  to  n^anyiiundred  beds«  is  at  Cape  €riz^uo»  tine 
cUff,  1  $00,featin,he]gbt,  being  stratified  &om  the  base  ta  the  wiiwaait. 
It .  bashQen  cent  in,  uiany  places,,  and  the  fissures  which  terminate  i^* 
ijirai^da  in  aqu^.s^igle^  have  been  &Ued  with  lava  ejeoti^d  hom  bek>w* 

The  lfm/9$(tone  ,of  San  Vinoente,  Bowditch.  <;onsidered  to  be  trans^^ 
ition,  b^t.Mf»  Smith, ^bowB  that  it  belongs  to  the  tertiary  epoch, 
yet  he  believes  it  ,ta  be  the,  fundamental  ropk  of  the  island.  It 
(^:)i^ses.a;mQunitaiA  streaffiL  bj^tw^en  2000  and-  3000  feet  above  the 
W^  ot  4)^  se«i».  and  ^bounds  in  zoophytes  and  marine  testacea  be» 
longing' to  the  genera  Cardium,  Pecten,  Pectunculus,  Spondybu.^  Cjh 
praa^  Fia^o*  J^asdolamt  StnmhtfMBXid.Murw^  .  Tbe  state  of  preser- 
vation^ generally  in  that  of  c^sts,,  rendered  it  ^poe^ible  to  detenmiie 
accurately  the  species.  The  limestone  is  traversed  by  two  dykes  of 
basalt)  and  i,t  lies  immediately  under  l^e  Paul  de  Sena,  a  volcaoic 
platAWA  wbidik  ri«e9  3509  f^t  abpye  tha  limestDne* 
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The  ctml  tw  lignitjft  weuhi  <yii  thfc  «ortb  sfidt  <rf  the  iilarid,'  on-  th^ 
batrkd  t)f  one  of  thfe  tributrttiM  of  tlie  St:  G^t^'.  fyofesfeor  Jolm-; 
ah>n  f  on^Mers  it  Id  be  tMe  dried  relS6€  of  <  ani  aiteient  pe«it  bog*,  dnd 
ito  luatre,  «)mp«w5tne«»3  and  t4wiiib6idfel'ft%M;uw  trt^beidue  tdthe^ac-' 
tion  of  the  bfctfrtJt  whicft  overti^'iti '  *  An  ahrffsis  ^gikVe        '• 

"  '■•     '•  '  'HydMc^tt-\'/.':.:':.';'.  .--.•  ^  *fr»«at -'  .=  ...■! 

•     '       •   Gjtjr&eh'ated'hitW^en'':  :'.'■'.  ■S»^47  •'  ■"      '=';'. 

■••''■'''  '• '•  ■-  >">  ..ii.i  ^99*99  -.  •■'» 
aiid^Od  per  cent;  of  asli.  Tkid  i^  thetirgia^it^coiiMiVats^ii  bf  IrtM 
peat ;  but  no  peat  esrists  rit  present  in  Madeii^,  nor  a»  far  ai  Mr; 
Smi!^  tt  tiware,  has  any  beeriaotlced  fl<:y>w6ia'the  ctftrator'.  Hctlferev 
fore  suggests  that  this  deposit  mcry  indicate  a  fdrmer  colder  clitaat& 
in  that  latitude. 

The  sAttds  of  Cani9al  are  ftynnd  near  the  eastehiextrtttiltf  of  tbi*' 
island,  in  a  ttdtejr'wbieh  exterids  froin  the  northern  to  th^  sotttbei^ 
shore ;  and  they  consist  of  small  particles^  of  basaflt  and  comn^nirted' 
testacea,  enclosing  ^t  numbers  of  land  shells  as  i^U  as  cttk^reotui 
incrustations  of  plants.  The  shells  have  been  rtioit  eareftiHy  eic- 
tfAinedby  the  Rev.  Mr.  Lowe,  and  one  sixth  ascertttined  tb  belong 
to  species  not  now  focmd  living  in  tile  island  t  tbe  Cahi^l  'liquids 
therefore  are  assigned  by  Mr.  Bmith  to  the  Pleistocene  or  newest 
tertiary  eera.  The  ealearebus  inerlistatimis  have  been  considered  by 
some  observers  not  to  be  6f  vege^blie  origin,  in  conseiqpiehcei  of  the 
general  absence  of  organic  structure ;  and  &.  Macaulky  is  of  opinioti, 
from  their  consisting  of  carbonate  and  phosphate  of  lime,  silica  ithd 
animal  matter,  that  they  are  bf  animal  origin,  atid  probably  belonged 
to  the  family  iAAlcyonaidtt.  As  however  they  are  mere  casts,  Mr: 
Smith  conceives  that  ati  analy^s  cannot  tl^ow  light 'oi!i  their  origin;; 
and  as  aH  of  them  bear  the  most  perfect  resemblance  to  thmki  <!)r' 
bt'andies,  and  one  of  his  specimieni  exhibits  impressions  externally 
of  cellalar  structure,  he  has  no  doubt  of  their  being  the  -  calcareous 
casts  6f  plants. 

In  one  of  the  small  islets  adjoining  Pbrto  Sdntd  is  a  bed  df  fes- 
siliferous  limestone,  which  supplies  the  Idtes  of  Fonehal.  The 
fossih  consist  almost  exclusively  6f  easts,  but  Professor  Agassi* 
hlKVingbeen  enabled  to  identify  s6m«  of  them  with  easts  bf  recent 
apedes,  Mr.  Smith  infers  that  the  limestbne  is  an  ebttremely  modern 
formation,  though  it  has  all  the  characters  of  primary  marble.  In 
this  c^e,  the  volcanic  actibh,  Mr.  Smith  states,  was  evidekilAy  sub- 
marine, as  the  contact  of  the  basalt  and  the  limestone  is  so  tdtimat^ 
that  the  two  rocks  never  separate  "v^hen  a  mass  composed  partlyb  ' 
each  is  detached  by  force.  The  elevation  of  the  islet  febove  the 
level  ti  the  sea  has  not,  however,  disturbed  the  horizontied'  positioik 
of  tlie  beds. 

On  the  island  of  Porto  Santo  the  volcanic  action  was  sub-aeHa1«. 
as  the  basalt  is  scoriaceous  on  the  surface,  and  rests '  on  volcanic 
brick.  In  this  island  there  is  a  sandy  deposit  similar  to  that  at 
Cani^al.  The  Disertas,  lying  about  three  leagues  to  the  south-east 
of  Madeira,  Mr.  Smith  describes  as  a  chain  of  vokame  mountains 
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tnagmg  nortb  Hud'soutW,  ovntwtf  «t  rigbt  aAglea^o  ^lift  ofWa- 
deinu  llie  ibea-eliflOi  readt  to  tht^b  i^ry  sumimts,  ^  eitliibit  A 
Miies  ef  bedfl  of  btsalt,  ashes,  tufas,  and  iwleaiiio  brick,  ititft-afefcted 
by  innumerable  dykes.  No  fossils  bare  yet  bc^en  diBeovered  on 
tibese  islands.' 

.  The  ooeunrence  td  th%  marine  li^«st«lne  of  San  Vincente  tk  an 
elevation  of  2500  feet,  proves  a  relatives  ehangc  in  level  of  land  and 
Ma  td  thalt  amonntj  prervitMsly,  Mr.  Sniitli  is  ^  opSmdn,  to  i^e  «^- 
tion  of  tiie  ow^lying  voleanic  products ;  but  be  has  not  observed  in 
Madfiira  any  pvoofs  of  ahir«»ott  of  %be  land  durkigf  br  subsequent 
to  tfao  Nroloaiuo  period }  thotigk  tbere  are  strong  indicetaons  of  sub* 
8id^nce»  the  beds  of  scoiite  and  aishfss;  and  those  oontridiiiBg  vege- 
talde  eemainsi  dipping*  under  the  B«a,  and  oeeurrfng  iii  aitoc&ms 
wheve  they- ecmM  not  have  remained/had  the  sea  level  been  idwajs 
tbci  aame  as  atpftcecnt. 

%  A  letter;  dated'  Mkdras,  Jiily  1840,  «ddi«sMd  to  John  Taylor, 
Btq.,lVea8;  Gh;S.,;  by  Mr.  FVederidc  Btnr,  on  the  Geology  of  Aden, 
cm  ths.eoestof  Ambia,  was  afterwardks  vead. 

The  promontory  of  Aden,  eighty  miles  eastward  6f  the  Straits  of 
Bab-el-mandeb,  consists  of  a  bdki  eluster  of  volcanic  rooks  widi 
lofty  jagged  peaks,  and  is  connected  w;ith  the  main  land  by  ^  low 
isthnnts.  Itl'^octreme  length  is  about  sisc  ihiles,  and  its  breadth  is 
about  ^three  miles,  and  the  mnnmit  of  the  hiffheet  point  is  about 
177^  ffeet  above  the  level  of  th^  sea.  The  loftier  portions  of  ^e 
promontory  are  wholly  volcanic,  and  the  lower  are  partly  voleanio 
and  paritly  oonBolidated  aeatsand.  The  most  intet«skng  porlioii  of 
the  dktHot  is  an  immense,  nearly  ci^cukr  eratef,  Situated  at  the  ex- 
tMrmit]^  of  the  promoiitory  next  the  tnain  land,  and  in  the  centre  of 
t^hich,  upon  a  flat  little  raised  above  the  sea-level«  stands  the  town 
of  Aden.  The  diameter  of  the  crater  is  about  onie  and  «  hall  mile, 
and  it  is' surrounded  on  all  sides  but  the  ea£M:em  wit^t  preeiptees 
ehiefiy  composed  of  lava,  attd  rising  ^m  1000  to  1776  feet  in  hcdght. 
Although  the  crater  appears  at  first  sight  almost  perfect,  Mr.  Burr 
says^  it  has  been  affected  by  some  rude  shocks  whix^  bav^^eft  it 
eatisely  through  £roni  nortii  to  sooth,  forming  two  rents,  knowia  as 
thfe  nc^em  and  eoilthem  passes.  The  portion  to  the  weef!  of  Ae 
fl«Bures,  and  called  the  Gebel  Shunsam,  rising  to  the  height\of  1776 
het,  stands  entire ;  but  tliat  to  the  east  has  evidently  undergone  a 
pactial  subsidence,  attaining  to  not  more  thfld  half  the  height  o#tiie 
western  side,  and  for  the  distance  of  about  half  a  mile  !t  hat  been 
broken  dotrti,  allowing  the  sea  to  come  almost  dose  to  the  town 
and  form  a  little  bay ;  out  the  direction  of  the  original  outline  of 
the  crater  is  indicated  by  the  island  of  Seerah,  situated  in  aboBt  tlie 
middle  of  the  gap. 

To  the  northward  of  this  great  crater  is  an  immense  mass  of  lofty 
^^  J^g^  volcanic  products,  probably  the  remains  of  smaller 
craters* 

The  prevailing  rock  is  a  dark  brown  or  chocolate  ktm,  gCMwally 
of  a  very  cellular  structure.  About  the  middle  of  ^e  east  side  of 
the  great  crater,  it  contains  a  very  thick  ma8S>  composed  of  i^teiBa* 
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ti^xurof  greenkh  pcurphyry.sUgMly  lamfiUar  in  sthtotuf e;  and  of  red 
D<4u^QU^  d^y.  Near  the  nonh^rn  past  Mr.  Burr  naticed  la  gxwiii* 
lar  rpck,  or  vQ^canip  brecpia*  The  indination  of  the  bodd  ia  gciBe» 
rally  W°  fropi  tbe.crater.  ^ 

Numerous  perpendicular  dykes  intersect  the  volcanic  orocdcs^iMid 
^  )^4f^^f^^  l9ore  QOQ^pa/Qt  than 'the  bedi  they  traTersei  8iliall 
vev9f  of  oalqedony  also  occur.        i  i  ""  '/  .> 

Pr.  Malf  olm^n,  showed  Mr.  Banr  sovhespccimfinsiof  bltekiand 
gr^eiVi  obsidian  ob^aioied  ou  the  promontory,  but  the  o6nditioiil 
under  wiuch  they  exist  Mr.  Barr  >vaB  pretented  froin(  aaoertainihgl  ' 

Th^  deposits  of  consolidated  Boatsaid  occur  more  espaciaHy niear 
the  ;Qo^en;^  pa^s,  towairds  the  baae  of  tihe  volcanic  ridges.^  The 
atratificatioa  is  diagonal,  and  thiaajBrangetnent  Mr.  Burr  conceivea  td 
have  been  produced  by  the  drifting  of: opposing  curkmits.  IWibit 
line  of  coast  on  the  northern  part  of  the  pmiBOBtiiry,  the  authdr 
saysy  if  evidently  a  raised  beaqb>  and  the  qoiuiolidatioiitof  the  aaind  he 
aaaig^s  to  the  a^^tiop.  of  a  taropiical  sun  upbntheoidcareouaimateriala; 
The  stone  incloses  numoroue  abfille  and  oosala  of  apecks  existing  in 
the  Arabian  Bf».  i 
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.  OUfioi^.-^JUnel»S?.  V^ryine^.,  $,4.  Fine»  with  viory  diy  €ir.  5^  iSllgbllf 
owc^sc  6.  VeWBn^i  alightfiain.  7.  Co)d  ^nd  dry :  jbow^/ymid  ^Id*  8^ 
jt^Cldtady  and  cow.     10.  Very  fine.     II.  Cloudy.     12.  Slight  rain  :  clear.     115. 
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XXVII.  On  the  Form  and  Optical  Constants  of  Anhifdrite* 
By  W.  H.  MiLLERy  M.A.^  F.R.S.9  Prof essor  of  Mineralogy 
in  the  University  of  Cambridge*. 

nPHE  following  values  of  the  angles  between  normals  to  the 
^  faces  of  anhydrite  were  obtained  from  the  measurements 
of  a  single  crystal,— >the  only  one  exhibiting  any  forms,  ex- 
cept those  of  cleavage,  which  I  have  been  able  to  procure. 
The  faces  being  extremely  dull,  the  only  signal  that  could  be 
used  in  observing  with  the  reflective  goniometer  was  a  small 
opening  in  a  screen,  through  which  sun-light  was  thrown  by 
reflexion  from  a  plane  mirror.  The  results  obtained  under 
such  circumstances  cannot  be  very  accurate ;  they  are,  how- 
ever, certainly  much  nearer  the  truth  than  those  which  Haiiy 
has  given,  and  which  appear  to  have  been  adopted  by  all  sue- 
ceedmg  mineralogical  writers. 

The  most  perfect  cleavages  are  parallel  to  the  faces  m^  t ; 
a  cleavage  a  little  less  perfect  than  the  preceding  exists  par- 
allel to  the  face  p^  whicn  is  usually  rough ;  and  cleavages  still 
less  perfect  may  be  obtained  parallel  to  the  faces  r.  The 
face  s  is  common  to  the  zones  m  t^op. 


mt    90°  C 

tf  72056' 

tp     90    0 

po   51  51 

mp    90    0 

pn,  63  43 

ps     90    0 

pf  70  47 

tr     48  18 

m  0  55  50 

rp     41  42 

m  n  36  23 

to     56  86 

mf  26  10 

tn     66  45 

ms   44  25 

•  Communicated  by  the  Author. 
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178       Abstract  of  recent  BeseartJies  an  the  quantity  of 
The  symbols  of  the  simple  fonns  are,— 


t      {100}, 

r     {110}, 

P     {010}, 

o     {111}, 

m    {001}, 

n     {112}, 

s     {101}, 

/     {118}. 

The  optic  axes  lie  in  a  plane  parallel  to  the  face  wi,  and 
make  angles  of  21°  46'  with  a  normal  to  p.  The  ratios  of  the 
velocity  of  light  in  air  to  its  velocity  within  the  crystal  are 
1-571,  1*576,  1-614  for  rays  in  planes  parallel  to  ^,  m,  jp, 
polarized  in  those  planes  respectively. 

St.  John's  College,  July  30, 1841.  W.  H.  MiLLER. 


XXVIII.  Abstract  of  recent  Researches  on  the  auantity  of  Heat 
evolved  in  Chemical  Combination^  partictdany  those  (f  MM. 
Dulong,  Hess  nfi^f  Andrews. 

[Continued  from  p.  £5,  and  concluded.] 

THE  law  described  at  the  conclusion  of  the  former  portion 
of  this  abstract  was  founded  on  the  following  evidence, 
the  apparatus  used  by  M.  Hess  being  the  same  employed  in 
the  experiments  by  which  the  first  law  was  found.  Sulphuric 
acid  or  various  degrees  of  concentration!  but  of  definite  atomic 
constitution,  was  mixed  with  a  slight  excess  of  water  of  am- 
monia (sp.  gr.  0*9S5},  and  the  following  results  obtained : — 
Oil  of  vitiuol  H  O  +  S  Og  gave  595-S  units  of  caloric. 
Acidof  ...     aHO  +  SO^    ...     S18'9 

3H0  +  S0a    ...     480-6 

...  6HO  +  SOg  ...  446-2 
As  the  experiment  was  not  made  with  anhydrous  acid,  it 
need  not  be  taken  into  account,  and  therefore  commendng 
with  oil  of  vitriol,  and  adding  to  the  quantity  of  heat  evolved 
by  the  ammonia  in  oombining  with  eacn  dilute  acid»  the  quao* 
tity  of  heat  which  had  been  previously  evolved  by  the  oil  of 
vitriol,  therein,  to  form  the  dilute  acid,  the  following  numbers 
are  obtained : — 


Acid,  of  strength 

Had  .TolTed  in  com- 
bining with  Water. 

ETo)*es  incmnbl- 
aing  with  Ammonia. 

TouL 

HO  +  SOo 
2HO  +  SO3 
3HO  +  SO3 

eHO  +  sOs 

"its 

116'7 
155-6 

695*8 
518-9 
480-5 
446-2 

595-8 
596-7 
597-2 
601-8 
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giving  a  mean  of  597*9.  But  since  real  fialphttriG  acid  evolves 
in  combining  with  water  510*1  units  of  heat,  and  since  acid  of 
6  H  O  +  S  O3  would  still  evolve  with  water  d8-9»  the  total 
quantity  of  heat  which  would  have  been  evolved  by  the  mix* 
tare  of  dry  sulphuric  acid  with  water  of  ammonia  would  be 
510-1  -  38-9  +  597-9  =  1069-1. 

The  Second  series  of  experimentt  was  executed  with  pot- 
ash|  and  gave  the  following  results.  M.  Hess  was  obliged, 
however,  to  modify  the  mode  of  working.  In  consequence 
of  potash  combining  with  water  in  various  proportions,  and 
evolving  thereby  different  quantities  of  heat,  it  was  necessary 
to  use  the  solution  of  potasn  so  weak  as  not  to  be  affected  by 
any  further  addition  of  water ;  and  the  mass  of  materials  be- 
came then  so  large  as  to  preclude  the  use  of  the  calorimeter, 
which  had  hitherto  served  so  welL  The  method  of  mixtures 
was  therefore  adopted.  The  vessel  in  which  the  mixture  wbb 
effected  was  nearly  globular  in  form^  and  about  a  litre  in 
capacity;  it  weighed  390  grammes,  equivalent  to  flftv*five 
grammes  of  water.  The  water  was  first  introduced,  and  then 
so  much  solution  of  potash  as  was  necessary  for  neutralizing  a 
certain  Quantity  of  acid.  The  temperature  of  the  liquid  was 
observed  immediately  on  the  addition  of  the  potash,  afid  the 
rise  of  temperature  on  the  addition  of  the  acid.  All  these 
fluids  were  measured,  and  when  the  temperature  had  fallen  to 
the  standard,  the  specific  gravity  was  taken  which  gave  the 
weight.  The  specific  heat  of  the  solution  was  found  to  be 
0-943. 

Sulphuric  acid  6  HO  +  SOg 
3HO  +  SO3 

gHO+SOg 
HO,         SOg 

By  estaUisbidg  the  same  comparison  here  as  in  the  case  of 
ammonia,  we  find  that 


gave  445*4  utlhs  of  heat. 
483'4 
527«1 
597*2  «•. 


Add,  of  strength 

Had  evolved  !n  com- 
bining With  Water. 

EtoItcs  in  combi- 
ning trith  Potttfl. 

TomL 

HO  +  SO, 
SHO  +  SOa 
SHO  +  SO3 
6HO  +  SO3 

«  f  •  •  a 

77-8 
116-7 
155-6 

697'2 
527*1 
48d-4 
445-4 

697-2 
604-9 
600-1 
601-0 

giving  a  mean  of  601*0. 

The  experiments  with  soda  were  carried  on  in  the  calori- 
meter, and  gave  with  H  O  4-  S  O3,  608'7  units  of  beat;  and 
Kith  6  H  O  -f-  S  Os,  447*4  units.  Bat  447*4  +  155*6  s 
609*0, 
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M.  Hes8  remarks  ihat^  as  these  numbers  are  sensibly  the 
same  as  those  obtained  for  potash,  the  rise  of  temperature^ 
which  occurs  when  Na  O  +  SOs  is  mixed  with  10  H  O,  does 
not  take  place  when  the  solutions  are  mixed  together ;  and 
hence  infers,  that  the  Na  O  is  already  combined  with  at  least 
10  Aq. 

For  carrying  on  the  experiments  with  lime^  some  additi<Mial 
circumstances  required  to  be  observed.  The  lime  was  weighed 
dry,  and  then  put  into  a  bottle  with  700  grammes  of  water, 
when  it  slaked  and  evolved  heat.  After  having  waited  until 
the  temperature  had  fallen  to  that  of  the  surrounding  air,  the 
acid  was  added.  In  this,  as  in  all  other  experiments  of  this 
kind,  the  alkaline  substance  was  left  slightly  in  excess.  After 
mixture  the  elements  are  evidently  differently  arranged  from 
before,  and  consequently  M.  Hess  always  determined  the  spe- 
cific heat  of  the  mixture  by  a  direct  experiment  when  it  was 
liquid ;  but  as  this  could  not  be  done  in  the  case  of  lime^  it  was 
necessary  to  determine  the  composition  of  the  mixture,  and 
the  specific  heat  of  each  of  its  ingredients. 

The  numerical  results  obtainea  were,— 

Sulphuric  acid  6HO  +  SO3  gave  481*8  units  of  heat. 
2HO  +  SO3    •••     MS-5 
HO  +  SO3    ...     628*3 
Adding,  as  before,  the  heat  evolved  by  the  previous  dilution 
with  water,  we  obtain  with 

HO  +  SO3  ...  628-3 

2HO  +  SOg  ...     77-8  +  543-5  =  621-3 
6  H  O  4-  S  O3  ...  155-6  +  481-8  =  637-4 

These,  experiments  were  repeated  in  the  calorimeter,  and 
the  results  were, — 
Sulphuric  acid  6HO  +  SO3  gave  489*2  units  of  heat. 
Second  experiment,  same  acid     ...    490*9 
Acid  of  2HO+SO3    ...     564*6 

Second  experiment,  same  • .  •    556*4 

Acid  of  HO-f-S03    ...     6450 

Adding  thereto  the  heat  of  dilution,  we  have, 

HO4-SO3  645     +      0     =645 

2  H  O  +  SO3  564-6  +    77*8  =  642*4 

Ditto  556*4+    77*8  =  634*2 

6  H  O  +  S  O3  490*9  +  155*6  =  646*5 

Ditto  489*2  +  155*6  =  644*8 

The  mean  of  these  is  642*6.  The  mean  of  the  former  series 
was  6.28*9,  which,  from  a  number  of  sources  of  loss,  is  neces- 
sarily too  small.    But  if  we  take  the  higher  numberi  it  may 


... 

... 
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be  asked  bow  lime  difiers  so  much  from  the  other  bases,  which 
give  about  600.  This  may  depend  upon  two  things ;  Jirst^  that 
Ihe  two  atoms  of  water,  which  gypsum  contains,  evolve  heat, 
or  else  it  could  not  be  a  chemical  combination ;  or,  secondly^ 
that  it  may  arise  from  the  solidification  of  the  sulphuric  acid. 
In  order  to  obtain  some  indications  on  this  point,  M.  Hess 
made  two  experiments  on  the  quantity  of  heat  evolved  by 
gypsum  in  setting,  and  found  that  for  S  O3  there  are  evolved 
S6'6  to  37*7  units  of  heat. 

If  we  subtract  that  from  the  S^^^B^  we  have  604*8  for  the 
heat  evolved  with  oil  of  vitriol,  or  1076*1  with  anhydrous  sul- 
phuric acid. 

M.  Hess  also  ascertained  that  dry  lime^  in  combining  with 
water,  evolves  167*2  units  of  heat. 

Experiments  with  Muriatic  Acid. 

M.  Hess  employed  the  acid  HCl  +  12 HO,  which  con- 
tains 0*252  of  dry  acid,  and  has  sp.  gr.  1*125.  This  acid  still 
evolves  heat  when  mixed  with  water,  and  the  quantity  being 
determined,  as  in  the  case  of  sulphuric  acid,  was  found  to  be 
50*84  units  of  heat  for  one  atom  of  muriatic  acid.  In  calcu- 
lating this  result,  however,  the  atom  of  sulphuric  acid  is  still 
taken  as  unit,  which  makes  the  atom  of  muriatic  acid  0*908. 

The  acid  H  CI  +  12  H  O  (previously  diluted)  being  satu- 
rated with  ammonia,  gave  out  SI 8*8  units  of  heat;  and  in  an- 
other trial  exactly  the  same  number  was  obtained. 

Three  experiments  were  made  by  means  of  the  acid  H  CI  + 
12  H  O,  the  water  and  the  ammonia  being  all  mixed  at  the 
same  time;  the  heat  evolved  was  S67*7»  S64*9,  and  374*79 
giving  a  mean  of  369*1.  If  we  then  take  the  former  resulti 
we  have  318*8  +  50*84  s  369'64. 

The  acid  H  CI  +  12  H  O,  mixed  with  water  and  potash^ 
evolved  361*9  units  of  heat. 

The  acid  HCl  +  12  HO,  mixed  with  water  and  soda, 
evolved  376*4  units  in  one  and  360*  units  in  another  expe- 
riment. 

It  has  been  already  remarked,  that  the  general  principle  of 
the  quantity  of  heat  evolved  in  combustion  being  proportional 
to  the  <}uantity  of  oxygen  absorbed,  was  supported,  at  least 
approximately,  by  the  example  of  carbon,  in  forming  carbonic 
oxide  BXkA  carbonic  acid.  This  subject  has,  however,  given 
rise  to  some  difference  of  interpretation  of  Dulong^s  number, 
given  in  pa^e  20.  M.  Hess,  who  considers  that  carbonic 
oxide  contains  its  own  volume  of  gaseous  carbon,  deduced 
therefrom,  that  the  quantity  of  heat  evolved  in  forming  car- 
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bonic  oxide,  was,  to  that  evolved  in  burning  carbonic  oxide, 

as  three  to  two.    As,  according  to  his  view, 

A  voL  of  carbon  burning  to  carbonic  acid  evolves  heat  7858 
A  vol.  of  carbonic  oxide  burning  evolves  heat  .   .   .3130 

•*.  A  vol.  of  carbon  forming  a  vol.  of  carbonic  oxide  evolves  4798 

From  this  he  deduced  the  curious  result,  that  it  would  pro- 
duce more  heat  in  practice  (as  in  smelting-works}  to  emplov 
all  oxygen  to  form  carbonic  oxide,  than  to  produce  carbonic 
acid  in  the  proj^ortion  of  six  to  five ;  and  hence,  that  in 
changing  caroonic  acid  into  carbonic  oxide,  heat  should  be 
evolved.  These  views  have,  however,  been  shown  to  be  erro- 
neous by  M.  Ebelmen,  who  proved,  by  a  comparison  of  De- 
spretz's  results  with  those  of  bulong,  tnat  Dulong  considered 
carbonic  oxide  to  contain  half  its  volume  of  gaseous  carbon, 
and,  consequently^  that  aa 

A  vol,  ofcarbon,  burning  to  carbonic  acid,  evolves  7858  beaty 
Two  vols,  of  carbonic  oxide^  burning,  evolves  •  •  6360 

One  vol.  of  carboni  in  forming  carbonic  oxid^l    j -^g 

evolves  only  •  •  .  .  « «•.«•,  j 

and  hence  the  quantity  thus  employed  is,  to  the  total  quantity, 
as  one  to  fbur. 

M.  Hess  has  very  ingeniously  endeavoured  to  apply  hia  ae^ 
cond  law  to  the  determination  of  seveml  important  quesdoos. 
Thus,  to  explain  the  great  combustibili^  of  gunpowder,  he 
considers  that  in  forming  nitric  acid,  each  atom  of  oxygen  has 
evolved  a  certain  quantity  of  its  heat,  and  more  in  the  order 
of  its  combination.  Thus,  if  the  total  quantity  of  heal  be* 
longing  to  an  atom  of  oxygen  be  represented  by  16^  then  the 
first  atom  which  unites  with  the  nitroffen  may  be  supposed  to 
lose  all ;  the  second  8,  the  third  4,  thefburth  %  and  the  fifth  1. 
There  is  thus  expelled  in  forming  nitric  acid,  164'S  +  4-|-2 
+  1  ss  31  units  of  heat;  but  the  total  quantity  belonging  to 
the  oxygen  being  16  x  5s=80,  there  remain  49  units  ot  neat 
available  for  the  carbon  and  sulphur.  A  very  important  con- 
sequence from  these  considerations,  deduced  by  M.  Hess,  is, 
that  the  heat  evolved  in  the  combustion  of  a  compound  body 
is,  in  all  cases,  less  than  the  heat  evolved  in  the  oombnstion  of 
its  constituents ;  because  some  heat  has  been  already  eliminated 
in  the  combination  of  these  constituents  with  each  other.  This 
principle  M.  Hess  ccmsiders  to  derive  great  sufqiort  from  expe* 
rimentsmade  by  Dr.  Ure  on  the  combustion  of  certain  kinds 
of  Aiel  and  &tty  matters,  of  which  there  is  a  notice  in  the  Atbe* 
nssuiQ,  1899,  Na  620;  but  it  must  be  remarked,  that  tba  re*- 
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suits  of  Dulong,  BA  ffivea  in  page  22,  with  Berzelius's  remarks^ 
are  directly  opposed  to  this  idea. 

Id  connexion  with  the  subject  of  this  abstract  we  have  to 
notice  a  paper  by  Dr.  Andrews  of  Belfast,  ^  On  the  Heat  de* 
veloped  during  the  C!onibinat'ion  of  Acids  and  Bases,^  read  be- 
fore the  Royal  Irish  Academy,  January  11,  1841*. 

The  general  conclusions  at  which  the  author  arrives  are 
contain^  in  the  two  following  laws  :«- 

Law  !•  The  heat  develoMd  during  the  union  of  acids 
and  bases  is  determined  by  the  base,  ami  not  by  the  acid ;  the 
same  base  producing,  when  combined  with  an  equivalent  of 
different  acids,  nearly  the  same  quantity  of  heat,  but  different 
bases  a  different  quantity. 

Law  2.  When  a  neutral  is  converted  into  an  acid  salt,  no 
change  of  temperature  occurs. 

In  the  commencement  of  the  paper  a  preliminary  experi- 
ment is  described,  the  object  of  which  is  to  determine  the  ex- 
act quantity  of  heat  evolved  during  the  combination  of  nitric 
add  and  potash.  The  solutions,  both  acid  and  alkaline,  were 
taken  so  weak  in  this  and  all  the  other  experiments  detailed 
in  the  communication,  that  subsequent  dilution  with  water  did 
not  produce  any  change  of  temperature.  On  neutralizing  the 
solution  of  caustic  potash,  containing  0*353  gramme  of  pure 
alkali,  with  nitric  acid,  the  temperature  of  the  resulting  solu- 
tion of  nitrate  of  potash,  whose  weight  amounted  to  30  gr.,  was 
found  (after  all  corrections  had  been  made)  to  rise  6*75^  F. 

To  illustrate  law  ^rst,  the  author  adduces  tables,  which 
show,  at  a  glance,  the  heat  produced  when  an  equivalent  of 
each  base  is  neutralized  by  different  acids.  Thus,  when  the 
same  proportion  of  pure  potash  is  combined  under  similar  cir- 
cumstances with  the  arsenic,  phosphoric,  nitric,  boracic,  hydro- 
chloric, hvdriodic  and  oxalic  acids,  the  elevations  of  tempera- 
ture, indicated  by  the  thermometer,  vary  only  from  6*8°  to 
6*6^.  Sulphuric  acid  produces  rather  a  higlier  temperature 
than  any  other  acid  (7*3^),  and  the  acetic,  formic,  tartaric, 
citric,  and  succinic  acids,  give  rather  less  heat  than  those  be- 
fore mentioned  (from  6*4°  to  6*1°).  In  like  manner,  ammonia 
produces  an  increase  of  temperature  varying  from  5*7°  to  S'S^^ 
when  neutralized  by  the  nitric,  hydrochloric,  hydriodic,  arse- 
nic, oxalic,  and  acetic  acids;  the  greatest  divergence  from 
these  numbers  occurring,  on  the  one  hand,  with  the  sulphuric 
acid  (6*3°),  and  on  the  other,  with  the  citric,  tartaric,  and  suc- 
cmic  acids  (5*1°).    Analogous  results  are  described  as  having 

*  From  the  Proceedings  of  the  Royal  Iriih  Acsdemy :  the  paper  will 
appear  in  vol.  xix.  IVut  Q.  of  the  IVaoiacttoof  of  the  Academy. 
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been  obtained  with  other  bases,  such  as  soda,  barytes,  naagne* 
sia,  lime,  and  the  oxides  of  zinc  and  lead.  On  the  contrary, 
the  heat  developed  by  each  base  is  peculiar  to  itself;  and, 
consequently,  the  same  acid  gives  different  elevations  of  tem- 
perature, with  equivalents  of  different  bases.  To  take,  as  an 
example,  the  nitric  acid,  which  also  produces  very  nearly  the 
mean  quantity  of  heat  given  by  all  the  acids,  the  following 
numbers  express  the  increments  of  temperature  obtained  on 
combining  the  same  quantity  of  it  with  each  base: — magne- 
sia, 8- IS-  lime,  7-2°;  bary  tes,  6-9° ;  potash,  6-8°;  soda,  65''; 
ammonia,  5*6° ;  oxide  of  zinc,  4*8^ ;  oxide  of  lead,  4*2° ;  oxide 
of  silver,  S'2^.  The  numbers  for  barytes,  potash,  soda  and 
ammonia,  are  strictly  comparable  with  one  another  (except  a 
slight  correction  for  differences  in  the  specific  heats  of  the  so- 
lutions) ;  but  in  the  case  of  the  other  bases,  an  absorption  of 
heat,  unknown  in  amount,  takes  place  in  consequence  of  thdr 
conversion  from  the  solid  to  the  fluid  state*  Hence  the  num- 
bers for  these  bases  are  all  below  the  truth. 

Two  singular  anomalies  are  described  as  occurring  in  the 
combinations  of  the  peroxide  of  mercury  with  the  hydracids, 
and  in  those  of  the  hydrocyanic  acid  with  the  bases. 

In  confirmation  of  the  second  law,  the  author  adduces  a 
series  of  experiments,  which  prove,  that  during  the  conver- 
sion of  a  neutral  into  a  supersalt  no  heat  is  produced.  Thus 
while  the  normal  development  of  heat  occurs  when  a  solution 
of  caustic  potash  is  neutralized  by  oxalic  acid,  the  subsequent 
additions,  first  of  one,  and  afterwards  of  two  more  atoms  of 
the  same  acid,  so  as  to  convert  the  neutral  oxalate  into  the 
binoxalate,  and  the  latter  again  into  the  quadroxalate  of  pot* 
ash,  are  not  accompanied  by  any  change  of  temperature  in  the 
solutions.  In  testing  the  accuracy  of  this  law,  it  is  necessary 
to  select  examples  where  all  the  compounds  are  soluble  in 
water,  otherwise  the  heat  arising  from  the  formation  of  preci- 
pitates would  interfere  with  and  complicate  the  result. 

The  second  law  does  not  extend  to  the  case  of  the  conver* 
sion  of  neutral  into  basic  compounds, — a  part  of  tlie  subject 
which  the  author  has  carefully  investigated. 

XXIX.    Notices  of  the  Results  of  the  Labours  of  Continental ' 
Chemists.    By  Messrs.  W.  Francis  and  H.  Croft. 
[Continued  from  p.  49.] 
Preparation  qf  Urea. 

npHE  usual  method  of  preparing  urea  by  precipitating  it  firom 

.  urine  by  means  of  nitric  acid,  is  attended  with  great  expense 

of  time  and  material.    Prof.  Liebig  has  recently  published  the 
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following  new  and  easy  method  : — Twenty-eight  parts  df  per«> 
fectly  dried  ferrocyanate  of  potash  are  mix^  with  fourteen 
parts  of  the  black  oxide  of  manganese,  both  finely  powdered, 
the  mixture  heated  on  a  smooth  iron  plate,  (not  in  a  crucible) 
over  a  coal  fire,  to  incipient  redness,  stirring  frequently.  The 
mass  on  cooling  is  washed  out  with  cold  water,  and  the  liquid 
mixed  with  twenty  and  a  half  parts  of  dry  sulphate  of  ammo^ 
nia.  It  is  advantageous  to  place  aside  the  first  strong  ley  ob-> 
tained,  and  to  dissolve  the  sulphate  of  ammonia  at  the  com- 
mon temperature  in  the  last  water,  and  to  add  this  to  the  first 
concentrated  solution.  Usually  a  strong  precipitate  of  sul- 
phate of  potash  is  immediately  formed,  from  which  the  liquid 
is  separated  by  decantation ;  it  is  then  evaporated  in  the  water 
bath  or  on  some  warm  place,  boiling  being  avoided,  and  the 
liquid  poured  off,  as  long  as  it  is  possible,  from  the  deposit  of 
sulphate  of  potash.  It  is  then  evaporated  to  dryness  and 
treated  with  boiling  alcohol  of  80-90  per  cent.,  whicn  dissolves 
the  urea,  while  the  sulphate  salts  remain  undissolved.  In  this 
manner  nearly  four  ounces  of  perfectly  colourless  and  beauti- 
fully crystallized  urea  may  be  obtained  from  a  pound  of  the 
ferrocyanate  of  potash.  It  freauently  happens  that  the  solu- 
tion containing  the  sulphate  of^  potash  and  urea  is  coloured 
yellow  by  ferrocyanide  of  ammonium,  or  of  potassium,  which 
dissolves  in  the  alcohol,  and  gives  to  the  crystals  of  urea  a  yel- 
lowish colour;  it  may  easily  be  separated  by  the  addition  of 
a  solution  of  copperas,  after  separation  of  the  Prussian  blue 
carbonate  of  ammonia  is  added  to  the  liquid,  which  decom- 
poses the  excess  of  iron  salt,  and  the  liouid  becomes  clear  and 
colourless,  and  may  then  be  evaporated  and  treated  as  above. 
{Ann.  de  Chem.  und  PAarm.  voLxxxviii.  part  l.) 

Arseiiiuretted  Hydrogen. 

It  is  well  known  that  a  solution  of  the  perchloride  of  mer- 
cury most  easily  decomposes  arseniuretted  hydrogen,  on  which 
account  it  is  employed  not  only  to  destroy  every  trace  of  this 
gas,  but  likewise  to  indicate  its  presence.  The  composition  of 
this  precipitate,  which  is  yellow  with  a  slight  brownish  tinge, 
and  is  thus  distinguished  from  the  precipitate  produced  by  we 
action  of  perchloride  of  mercury  on  phosphuretted  hydrogen, 
is  quite  unknown ;  Stromeyer  seems  to  be  the  only  person  who 
has  examined  it*  According  to  him,  arseniuretted  hydrogen 
forms,  with  a  solution  of  perchloride  of  mercury,  arsenious  acid 
and  protochloride  of  mercury,  and,  finally,  an  amalgam  of  mer- 
cury and  arsenic.  The  precipitate  decomposes  by  preserva- 
tion in  much  water ;  it  becomes  black,  and  consists  at  last  only 
of  globules  of  mercury;  the  liquid  above  it  contains  hydro* 
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chloric  and  arsenious  acids.  This  decomposition  is  p^lectly 
similar  to  that  which  is  caused  by  water  in  the  precipitate  pro- 
duced in  solutions  of  the  perchloride  of  mercury  by  phoapfaii- 
retted  hvdrogen,  only  that  it  is  effected  more  rapidly.  The 
similar  decomposition  of  both  precipitates  by  water,  and  also 
by  dilute  nitric  acid»  supposes  a  similarity  in  their  constitutioD, 
which  was  confirmed  by  a  quantitative  analysis,  according  to 
which  the  precipitate  proved  to  be  composed  according  to  the 
formula  As^  Hg^  +  S  Hg  CL    This  precipitate  differs  from 

that  produced  by  phosphuretted  hydrogen,  by  its  being  anhy- 
drous, while  the  latter  contains  three  atoms  of  water.  This 
is  the  reason  of  their  different  action  at  a  high  temperature. 
The  precipitate  produced  by  antimoniuretted  nydrogen  in  so- 
lutions of  the  perchloride  of  mercury,  has  quite  a  different 
composition  to  that  produced  by  phosphuretted  or  arseninret- 
ted  nydrogen  in  such  solutions.  Whence  we  may  conclude 
that  the  composition  of  antimoniuretted  hydrogen  differs  from 
those  of  phosphuretted  and  arseniuretted  hydrogen.  (H. 
Rose  in  Po^.  Ann.  li.  p.  423.) 

On  the  Salts  of  Lead  formed  by  Nitrous  Acid  and  Hypomtrous 

Acid. 
Proust  was  the  first  to  observe  that  lead  dissolves  in  con* 
siderable  quantity  when  brought  into  a  hot  solution  of  the  ni- 
trate of  lead ;  the  salt  thus  produced  is  deposited  in  the  ibnn 
of  yellow  lustrous  scales.  Proust  concluded  from  this  expe- 
riment that  the  oxide  of  lead  was  reduced  to  a  lower  d^ree 
of  oxidation ;  however,  Berzelius  subsequently  diowed  that 
the  solution  of  the  lead  was  elBfected  at  the  expmse  of  the  ni- 
tric acid  in  the  salt  employed.  About  the  same  time  Chevreul 
described  two  different  salts  produced  by  the  action  of  differ- 
ent quantities  of  lead  on  the  nitrate  of  lead,  and  arrived  at 
nearly  the  same  conclusions  as  Berzelius.  P^ligot  has  re- 
cently shown  that  three  very  distinct  salts  are  formed  by  the 
action  of  lead  on  the  nitrate  of  lead,  two  of  whidi  contain  not 
nitrous  acid*,  as  supposed  by  Berzelius  and  Chevreul,  but  hy- 
ponitric  acidt;  accordingly  the  latter  acid,  which,  acoordi^ 
to  Dulong^s  analyses,  consists  of  two  volumes  of  nitrogen  anS 
four  of  oxygen,  would,  contrary  to  the  general  opinion,  be 
able,  if  not  to  combine  directly  with  bases,  yet  as  least  to 
exist  in  c<»nbination  with  them.  Proustfs  salt  is  best  pre- 
pared by  bringing  together  one  equivalent  of  lead  and  one 
equivalent  of  the  nitrate ;  the  reaction  proceeds  to  the  last  at 
a  temperature  below  60°  or  70^  without  any  evolution  of  ni- 

•  Hyponitrous  acid  of  the  English  chemists, 
t  Nitrous  acid  of  the  English  chemirtf< 
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trie  oxide ;  this  ^  escapes  only  when  the  yellow  salt  is  de- 
composed at  a  higher  temperature.  Should  this  salt  be  mixed 
with  any  of  the  orange-coloured  salt  which  will  presendy  be 
noticed,  it  may,  from  its  far  greater  solubility,  be  separated 
from  it  b^  treating  the  mixture  with  a  quantity  of  warm  water, 
not  sufficient  to  dissolve  the  whole.  The  analysis  consisted 
in  the  direct  determination  of  the  oxide  of  lead,  nitrc^n  and 
water;  the  results  agree  with  the  formula  N  O^,  2  Pb  O,  H  0« 

Berzelius  adopts  hypothetically  that  it  contains  6*4  per  cent, 
water;  experiment  affords  but  S*S.  The  following  simple 
equation,  NO*,  PbO  +  Pb  +  HO  ».  NO*,  2PbO,  HO, 

pives  good  account  of  the  origin  of  the  salt.  The  second  salt 
IS  of  an  orange  colour,  and  is  obtained  by  dissolving  two  and 
a  half  eauivalents  of  lead  in  the  boiling  solution  of  one  equi- 
valent or  the  nitrate  of  lead;  on  cooling,  a  mixture  of  the  yeU 
low  and  orange  salts  is  obtained ;  the  former  is  removed  with 
boiling  water.  All  the  analyses  of  this  salt  give  the  formula 
N2  O  8,  7P  bO,  SHO.    The  constitution  of  this  salt  is 

confirmed  by  synthesis,  for  when  the  bibasic  hyponitrate  is 
boiled  with  oxide  of  lead,  the  orange^oloured  salt  is  obtained. 
Ckmtinued  boiling  of  nitrate  of  lead  with  more  than  two  or 
three  equivalents  of  lead  gives  Chevreul's  rose-red  salt,  which 
is  represented  by  the  formula  N  Ogi  4  Pb  O,  H  O.    {Compt. 

Bend.  U  xi.  p.  860.) 

Deville  on  Oil  of  Turpentine* 

M.  Deville  calls  the  oil  which  is  contained  in  the  artificial 
camphor  Campben,  that  in  the  fluid  product  Tereben.  Te* 
reben  mav  be  obtained  by  distilling  oil  of  turpentine  with  sul- 
phuric acid.  The  temperature  must  not  exceed  200%  for  then 
colophen  passes  over.  By  repeated  distillation  with  sulphuric 
acid,  the  tereben  may  be  obtained  pure;  the  only  proof  of  its 
purity  is  its  having  lost  all  power  of  rotation.  By  distilling 
the  liquid  camphor  with  lime  it  cannot  be  obtained  pure.  It 
has  the  same  boiling  point  and  specific  gravity  as  oil  of  tur^ 
pontine.  Formula  C^H^«  Tereben  combines  with  the  hydro^ 
chloric,  hydriodic  and  hydrobromic  acids  in  two  proportions. 
The  monohydrocblorate  of  tereben  is  C^  H^^  +  H  CI;  the 
bihydrochlorato  is  C?^  H^  +  H^  CR  This  latter  was  exa- 
mined  by  Soubeiran  and  Capitaine ;  it  is  the  liquid  product 
obtained  in  preparing  artificial  camphor ;  it  has  probably  no 
power  of  rotation.  The  monohydrocblorate  is  obtained  by 
passing  hydrochloric  add  into  tereben ;  it  is  liquid ;  specific 
gravity  at  20^  n  0*902 ;  smells  like  camphor ;  contains  four 
Yolumea  of  vapour  of  tereben,  and  two  of  hydrochloric  acid. 
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Power  of  rotation  =  0,  which  is  the  case  with  all  the  other 
compounds  of  this  class.  The  monohydrobroniate  is  a  co- 
lourless fluid;  specific  gravity  =  1'021  at  24°;  obtained  by 
acting  on  tereben  with  nydrobromic  acid,  and  purifying  by 
means  of  chalk,  animal  charcoal  and  chloride  of  calcium. 

The  bihydrobromate  is  obtained  with  the  camphen  com- 
pound by  acting  on  oil  of  turpentine  with  bydrobromic  acid ; 
it  is  difficult  to  procure  in  a  pure  state;  its  power  of  rotation 
could  not,  therefore,  be  accurately  determined.  The  mono- 
hydriodate  is  obtained  in  the  same  manner.  Sp.gr.  =  1*084 
at  21°;  decomposes  by  exposure  to  the  air.  The  bihydrio- 
date  can  only  be  obtained  mixed  with  the  camphen  compound. 

By  the  action  of  chlorine  and  bromine  on  tereben,  chlorides 
and  bromides  are  produced.  The  specific  gravities  are  re- 
spectively, 1-360  and  1-978  at  20°.  Formulae  C«oH«*Cl«, 
Q20  JJ34  3j.8  .  eight  atoms  of  hydrogen  have  been  replaced  by 
eight  atoms  of  chlorine  or  bromine.  Bv  distilling  these  com- 
pounds two  others  may  be  obtained,  C^  H^  Cl^,  or  C*'  H^  Br*. 
The  monochloride  oftereben,  C*^  H^  C\\  has  a  specific  gra- 
vity =  1-187  at  20°. 

The  action  of  iodine  appears  to  be  more  complicated. 

Hydrobromate  and  hydriodate  of  camphen  may  be  obtained 
in  the  same  manner  as  the  hydrochlorate ;  the  former  is  solid ; 
power  of  rotation  =  —  0-4>264>.  The  hydriodate  is  a  fluid* 
Sp,  gr .  at  1 5°  =  1  -0597 ;  power  of  rotation  =  —  0*  1 597.  They 
both  decompose  by  exposure  to  the  air.  Formulae  C?^H^  -f 
H2BrSandC«>H82  +  H«P. 

By  the  action  of  chlorine  on  hydrochlorate  of  camphen,  a 
fluid  body  is  first  produced,  the  formula  of  which  is  C^H^C1% 
Cl^  H^ ;  this  body  then  loses  hydrochloric  acid  and  forms  a 
solid  crystallized  substance,  chloride  of  camphen,  C^H^CR 
Chloride  of  camphen  has  no  power  of  rotation ;  sp.  gr.  at  8^  = 
1-50;  melts  at  110 — 115°.  By  its  distillation  another  chlo- 
ride is  formed,  the  formula  of  which  is  probably  C^  H**  Cl^ 

Oil  of  turpentine  is  decomposed  by  chlorine  and  bromine, 
and  forms  two  bodies,  whose  formulae  are  C*^  H**  Cl%  and 
Q90  j^24  Qi^^  r^YiQ  powcr  of  rotatiou  of  the  chlorine  compound 
is  (for  the  yellow  ray)  -h  0-2854. 

Colophen  is  formed,  as  above  stated,  by  the  action  of  sul- 
phuric acid  on  oil  of  turpentine ;  it  passes  over  at  a  tempera- 
ture above  200^.  Formula  C^  H^';  specific  gravity  at  9^  = 
0-940;  boils  at  310 — 315^ ;  sp.  gr.  of  its  vapour  is  1 1-lS. 

Colophen  is  also  formed  by  the  rapid  distillation  of  colo- 
phonium,  but  is  always  impure.  Deville  supposes  that  Un- 
verdorben's  pinic  and  s^lvic  acids  are  respectively  oxides  of 
colophen  and  tereben ;  for,  by  the  distillation  of  oolophonium. 
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a  product  is  also  obtained  which  is  probably  tereben,  but  mixed 
with  a  larffe  quantity  of  colophen.  Chloride  of  colophen  is 
crystallizable.  Formula  is  probably  C^  H^  CW  Colophen 
abo  combines  with  hydrochloric  acid,  but  the  compound  is 
decomposed  by  treatment  with  carbonate  of  lime,  &c.  &c. — 
(Annates  de  Chimie  et  de  Phys,f  t*  Ixxv.  p.  37.) 

On  the  JEthereal  Oils.     By  Gerhardt  and  Cahours. 

Ethereal  oils  are  mixtures  of  two  substances,  a  hydrocarbon 
and  a  peculiar  oil  containing  oxygen.  The  hydrocarbon  may 
be  driven  off  by  distillation,  but  cannot  thus  be  obtained  pure; 
this  is  only  effected  bv  means  of  fused  potassa.  By  the  action 
of  this  substance  on  the  oil,  the  hydrocarbon  is  separated,  and 
the  peculiar  oil,  which  was  combined  with  the  hydrocarbon, 
is  converted  into  an  acid.  By  thus  treating  Roman  caraway 
oil  {Cuminum  Cyminum)^  cuminic  acid  is  obtained ;  from  oil  of 
valerian  {Valeriana  officinalis)  and  Roman  oil  of  camomile 
(Anthemis  nolilis\  valerianic  acid  is  obtained.  The  hydro- 
carbons containecl  in  these  two  last-mentioned  oils  are  different ; 
that  from  oil  of  valerian  is  true  camphogen,  and  oxidizes  in 
the  air  with  great  rapidity,  forming  camphor.  The  hydro- 
carbon from  caraway  oil  is  called  cymen ;  the  body,  which  is 
changed  into  an  acid  by  means  of  potassa,  is  cuminol. 

Cuminol  may  be  obtained  by  distilling  oil  of  caraway  at  a 
temperature  01*^200^ ;  cymen  mixed  with  cuminol  passes  over, 
and  cuminol  remains  behind,  which  may  then  be  distilled  in 
an  atmosphere  of  carbonic  acid.  Its  formula  is  C^  H®*  O* ; 
sp.  gr.  of  the  vapour  5*24,  according  to  calculation  5*094>.  It 
is  colourless,  boils  at  220%  absorbs  oxygen  and  becomes  acid ; 
this  change  takes  place  more  rapidly  when  a  base  is  present  to 
saturate  tne  so-formed  acid.  By  means  of  bichromate  of  po» 
tassa  and  sulphuric  acid,  it  is  also  converted  into  cuminic  acid. 
Aqueous  chlorine  acts  in  the  same  manner,  also  strong  nitric 
acid.  Cuminic  acid  is  best  obtained  by  dropping  the  oil  into 
fused  potassa,  the  mass  is  then  dissolved  in  water  and  preci- 
pitatea  by  nitric  acid.  Cuminic  acid  is  white,  crystallizable, 
sublimes  in  beautiful  needles,  melts  at  92^,  boils  at  250^;  for- 
mula C^  H**  O*.  By  the  action  of  potassa  on  cuminol,  two 
atoms  of  water  are  decomposed,  hydrogen  is  set  free,  and  two 
atoms  of  oxygen  taken  up  for  the  formation  of  cuminic  acid ; 
almost  insoluble  in  cold  water;  somewhat  soluble  in  dilute 
acids;  easily  soluble  in  alcohol  and  aether.  The  silver  salt 
has  the  formula  C^  H^  O^,  Ag  O.  By  heating  this  salt  a 
carburet  of  silver,  AgC,  is  obtained.  Cuminic  aether  is  ob- 
tained by  saturating  an  alcoholic  solution  of  cuminic  acid  with 
hydrochloric  acid^  heating  and  distilling  over  oxide  of  lead. 
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It  is  a  colourless  liquid,  lighter  than  water,  boils  at  S4f€P;  in^ 
soluble  in  water,  soluble  In  alcohol  and  «tfaer.  Formula 
C20  H«  cy,  C^  H^o  o.  Specific  gravity  of  vapour  «  6-65, 
calculated  6*585. 

By  the  action  of  potassa  on  cuminol,  without  the  aid  of 
heat,  a  peculiar  gelatinous  substance  is  fornied--*Ctttninol*po- 
tassium  {potassio-^niminol)^  C^  H^  K  O^  This  is  decomposed 
by  v/ater  into  cuminol  and  potassa;  it  absorbs  oxygen  and 
forms  cuminate  of  potassa.  Chloride  of  cuminol  is  obtamed 
by  acting  with  chlorine  or  cuminol  in  the  sunlight.  The 
chloride  is  a  colourless  fluid,  but  decomposes  with  great  rapi- 
dity. Formula  C«  H«  Cl«  0«.  Forms,  by  boiling  with  po- 
tassa,  cuminate  of  potassa  and  chloride  of  potassium ;  by  ex- 
posure to  a  moist  atmosphere  it  also  forms  cuminic  acid. 
An  amide  compound  does  not  appear  to  exist  The  action 
of  bromine  is  exactly  the  same  as  tnat  of  chlorine,  fiy  distil- 
ling one  part  of  cuminic  acid  with  four  parts  of  caustic  baryta, 
a  colourless  oil  is  obtained,  and  carbonate  of  baryta  remains 
in  the  retort  This  oil  is  cumeti ;  it  is  colourless;  smells  like 
benzin ;  boils  at  144?®;  formula,  C^^  H**;  sp.  gr.  of  the  vapour 
=  S'96,  calculated  4'12.  Cumen,  CH**,  is  cuminic  acid, 
minus  carbonic  acid,  C*^  H^  O*  —  C?  O*.  Cumen  is  insolu- 
ble in  water;  soluble  in  alcohol  and  sther;  forms,  with  an- 
hydrous sulphuric  acid,  a  peculiar  compound— K:umensulpho- 
ric  acid.  The  baryta  salt  crystallizes  in  beautiful  lamellse. 
Formula  C«  H«,  S^O*  +  BaO.  Retinyl  {Retinyline)  has 
the  same  formula  as  cumen;  it  boils,  however,  at  150^;  it 
combines  in  the  same  manner  with  sulphuric  acid.  Tlie 
baryta  salt,  however,  forms  only  crystalline  crusts.  For- 
mula is  the  same,  viz.  C^^H",  1^0*  +  BaO.  It  also  dif- 
fers from  the  cumensulphate  in  being  insoluble  in  absolute 
alcohol. 

By  the  distillation  of  one  part  of  cinnamic  acid  with  ibur 
parts  of  caustic  baryta,  a  similar  fluid,  cinnamen,  may  be  ob- 
tained. Formula,  C'^  H*^ ;  sp.  gr.  of  the  vapour  =3  5*55, 
calculated  =  S-57;  boils  at  140^  Bromine  forms  with  it  a 
crystalline  compound,  C^®  H'^  Br*. 

Cyfmen  is  obtained  pure  by  treating  the  oil  of  caraway  with 
fused  potassa,  by  which  means  all  cuminol  is  separatecL  Cy* 
men  is  colourless ;  boils  at  165^ ;  soluble  in  alcohol  and  aether ; 
forms,  with  fuming  sulphuric  acid,  the  cymensulpburic  aeid : 
forms,  with  nitric  acid,  a  new  acid,  which  is  difficultly  cry* 
stallizable.  Formula  of  cymen  is  C^  H^;  sp.  gr.  ofv^>our  =s 

V59,  4*70,  calculated  4*69. 
Cymeosnlphate  of  baryta  has  the  formnla  C^  H^^  9Q^  ^ 
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BaO  +  2flq«     It  is   isomeric  with  Delalande's  camphen* 
sulphate,  S(,c.^Annales  de  Chim.  et  de  Phys.  IIL  t.  i.  p.  60.) 

On  account  of  the  great  length  of  this  memoir,  many  im- 
perfectly examuied,  and  not  as  yet  analysed  substances,  have 
been  passed  over  in  this  abstract  without  notice.  Liebig's 
remarks,  moreover,  showing  that  the  French  type  is  nothing 
more  than  radicalj  could  not  be  extracted  without  encroach*- 
ing  too  much  on  other  important  papers. 

On  the  Action  of  Potassa  on  Indigo-bltie. 

Fritzsch^  has  continued  his  researches  on  Anilin,  a  sub- 
stance which  had  been  previously  described  by  Unverdorben 
under  the  name  of  Crystallin,  as  has  been  already  mentioned. 
(Notices,  Phil.  Mag.,  s.  S,  vol.  x viii. p.  280.)  The  action  does  not 
commence  until  the  potassa  solution  is  very  concentrated  and 
has  been  boiled  some  time ;  the  boiling  point  must  be  as  high 
as  150^.  If  the  solution  be  kept  at  this  temperature,  and  pure 
indigo-blue  added  from  time  to  time,  the  whole  is  dissolved^ 
forming  a  yellowbh  red  liquid,  in  which,  after  a  time,  crystals 
are  formecf ;  it  is  then  better  to  stop  the  operation  and  allow 
the  whole  to  crystallize.  By  this  operation  hardly  a  trace  of 
any  volatile  substance  is  formed,  and  no  gas  evolved.  A 
small  quantity  of  a  dark-coloured  substance  is  formed  with 
the  yellow  potash  salt,  from  which  it  cannot  be  separated ;  it 
appears  to  be  an  accidental  product.  If  the  whole  crystallized 
mass  be  treated  with  water,  this  dark  coloured  substance 
causes  a  formation  of  indigo-blue^  but  the  excess  of  potassa 
alao  acts  on  the  vellow  salt,  and  indigo-blue  is  precipitated. 
It  is  better  therefore  to  saturate  the  greater  part  of  the  potassa 
in  the  solution  with  an  acid.  A  bluish  green  precipitate  is 
formed,  and  by  filtering  a  golden-yellow  fluid  is  obtained,  out 
of  which  acids  precipitate  a  voluminous  flocky  reddish-brown 
body — duysanilic  acid.  The  colour  of  this  new  acid  is  simi- 
lar to  that  of  kermes  mineral.  It  is  not  at  all  crystalline^  as- 
sumes a  darker  colour  by  drying.  It  is  very  litUe  soluble  in 
water,  easier  soluble  in  alcohol ;  from  a  concentrated  solution 
in  a  mixture  of  water  and  alcohol  it  may  be  obtained  in  a 
crystalline  state.  It  dissolves  in  alkalies  with  a  golden-yellow 
colour,  bat  care  must  be  taken  not  to  use  an  excess  of  alkalif 
for  then  the  fluid  becomes  green.  The  metallic  salts  are  in- 
solable,  lead  and  zinc  salts  are  of  a  beautiful  red  colour.  The 
formula  is  not  as  yet  determined ;  the  results  obtained  do  not 
agree  well  with  one  another.  By  dissolving  chrysanilic  acid 
in  dilute  sulphuric  acid  two  new  bodies  are  formed,  one  of 
vrhich  crystallizes  out  on  cooling,  the  other  remains  dissolved. 
T^  soluble  one  has  received  tlie  name  of  Antbranilic  acidi 
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It  may  be  prepared  in  another  wa^*  The  cmtalliDe  mass 
obtained  by  acting  on  indigo^blue  with  potassa  la  dissolved  m 
alcohol,  and  allowed  to  stand  exposed  to  the  air  until  its 
greenish  colour  has  passed  into  brown*  A  stream  of  carbonic 
acid  is  then  passed  tnrough  the  solution  in  order  to  saturate 
the  free  alkali,  and  the  alcohol  is  distilled  off  after  the  car- 
bonate of  potassa  has  been  separated.  On  ooncentcation,  an- 
thranilate  of  potassa  crystallizes  out  in  thin  lamellae,  the  mother 
liquor  is  separated  by  bibulous  paper,  the  salt  dissolved  in  as 
small  a  quantity  of  water  as  possible,  and  acetic  acid  added, 
which  produces  a  crystalline  precipitate  of  hydrated  anthra- 
nilic  acid.  Anthranilic  acid  is,  when  pure,  perfectly  ccdour- 
less,  has  a  sweet  taste  even  when  in  combination  with  alkali. 
If  the  decomposition  of  the  potassa  salt  be  conducted  very 
slowly  it  may  be  obtained  in  scaly  crystals,  like  benzoic  acid. 
It  is  difficultly  soluble  in  cold  water,  easier  in  boiling  water. 
In  alcohol  and  aether  it  is  easily  soluble.  It  melts  at  135^, 
and  sublimes;  at  a  higher  temperature  it  is  decomposed.  The 
alkaline  salts  are  soluble,  the  copper,  zinc  and  lead  salts  are 
crystalline  powders.  The  formula  of  the  hydrated  acid  is 
Qu  Hi«  N2  03  4-  H«  O,  that  of  the  silver  salt  C^^  H^*  N*  0« 
+  A|^  O.  Hydrated  anthranilic  acid  heated  above  its  point 
of  fusion  is  decomposed  into  carbonic  acid  and  anilin,  C^^  H*^ 
N2  O^  +  H^O  =  C12  W^  N*  +  2  C  02.  In  an  experiment 
it  was  found  that  the  carbonic  acid  was  S 1  '49  per  cent,  of  the 
employed  acid;  according  to  calculation  it  should  be  dl*93. 
By  distilling  an  anthranilate  anilin  is  also  obtained,  but  the 
decomposition  is  much  more  complicated ;  carbon  is  separatetl. 
It  has  been  already  stated  that  by  the  action  of  dilute  sul- 
phuric acid  on  chrysanilic  acid  jbl  substance  is  obtained  which 
crystallizes  as  the  fluid  cools;  it  is  bluish  black,  soluble  in 
alcohol,  with  a  purple^red  colour.  After  drying  it  loses  this 
solubility ;  it  is  easily  decomposed  by  alkalies ;  mdigo-blue  is 
formed,  &c.    {Journal filr  Praktische  Chemie^  B.  23,  p.  67.) 

On  the  Products  of  the  Decomposition  of  Chloride  and 
Bichloride  qflsaiin. 

Erdmann  has  continued  his  experiments  on  these  highly 
interesting  bodies,  and  in  the  following  memoir  the  products 
of  decomposition  are  examined.  When  a  stream  of  sulphu- 
retted hydrogen  is  passed  through  a  solution  of  chloride  or 
bichloride  of  isatin,  or  the  analogous  bromides,  the  solution 
becomes  colourless,  and  a  white  sediment  is  formed,  consist- 
ing of  sulphur  and  a  new  body,  which  may  be  freed  from  the 
sulphur  by  digestion  with  bisulphuret  of  carbon.  A  better 
method  is  to  mssolve  the  chlorides  in  bydrosulphuret  of  anv* 
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montum.  By  standing,  or  more  rapidly  by  the  application 
of  beat,  the  solution  deposits  a  white  substance,  which,  if 
quickly  washed  with  water,  freed  from  air,  may  be  obtained 
pure. 

Chlorisatyd  (chloride  of  isatyd?)  is  a  white  pulverulent 
substance.  When  dried  at  120^  assumes  a  reddish  colour. 
Insoluble  in  cold  water,  but  little  in  boilinff  water;  soluble  in 
boiling  alcohol.  Formula,  C^^  U}^  N«  CP  O^,  i.  e.  chloride  of 
isatin  plus  2  atoms  of  hydrogen.  It  is  not  changed  by  the 
action  of  chlorine. 

Bichlorisafyd  (bichloride  of  isatyd)  is  perfectly  similar  to 
the  protochloride.  Formula  C*«  H^o  N^  CI*  O^,  i.  e.  bichlo- 
ride  of  isatin  plus  2  atoms  of  hydrogen. 

Bibromisaiyd  is  very  similar,  C*«  H^^  N«  Br*  O^. 

Chlorisatyd  heated  to  180°  ffives  off  water,  in  greater  quan* 
tity  at  200^;  the  remainder  in  the  retort  is  of  a  brownish- violet 
colour.  Chloride  of  isatin  sublimes  in  crystals,  and  the  remain- 
ing mass  evidently  contains  more  of  the  same,  which,  as  well  as 
the  undecomposed  chlorisatyd,  may  be  extracted  by  boiling  al- 
cohol. The  insoluble  part  is  pulverulent,  dirty  violet-coloured, 
insoluble  in  water,  alcohol  and  hydrochloric  acid ;  soluble  in 
caustic  potash  solution  with  yellow  colour.  The  alkaline  solu- 
tion ^ives  with  hydrochloric  acid  a  yellow  precipitate,  soluble 
in  boiling  water.  The  violet  body  is  chloride  of  indin.  The 
composition  does  not  appear  to  be  yet  accurately  determined. 
Bichloride  of  indin  is  obtained  in  the  same  manner,  and  is 
quite  similar ;  bichlorisatyd,  as  well  as  bibromisatyd,  are  de- 
€:omposed,  however,  at  a  lower  temperature  than  the  proto- 
chloride (chlorisatyd).  Bibromide  of  indin  is  of  a  deep  black- 
ish red  colour,  somewhat  soluble  in  alcohol.  Chlorisatyd  is 
easily  soluble  in  a  solution  of  caustic  potash;  out  of  the  solu- 
tion a  salt  crystallizes,  which  is  chlorisatinate  of  potassa;  out 
of  the  mother  liquor  acetic  acid  precipitates  a  yellow  body, 
soluble  in  boiling  water;  by  boiling  the  solution  (which  has 
been  filtered  from  the  yellow  matter  so  obtained)  with  hydro- 
chloric acid,  flocks  of  a  brownish  violet  substance  are  precipi- 
tated, precisely  similar  to  the  above-mentioned  chloride  of 
indin.  In  the  fluid  is  chloride  of  isatin.  Bichlorisatyd  be- 
haves exactly  similar,  only  that  the  salt  which  first  crystallizes 
out  is  not  bichlorisatinate  of  potassa.  Its  solution  gives  with 
hydrochloric  acid  a  yellowish  white  precipitate,  soluble  in  hot 
water,  from  which  it  is  deposited  by  cooling.  Formula, 
(jie  jjio  J4«  Qi4  Q4^  ,-^  ^^  isomeric  with  the  bichlorisalinic  acid. 
The  potash  salts  of  these  acids  are  precisely  similar;  they 
differ  in  their  decomposition  by  hydrochloric  acid.  The  ac- 
tions of  nitric  acid  and  ammonia  on  chloride  and  bichloride 
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of  isatin  are  too  little  ekamined  to  enable  113  to  nkake  any  abs- 
tract. Chlorine  does  not  appear  to  exert  any  action  on  chio* 
ride  and  bichloride  of  isathi)  when  tbey  are  suspended  in 
water,  or  even  under  the  influence  of  sunlight.  If,  however, 
they  are  dissolved  in  alcohol,  and  chlorine  is  passed  through 
the  solution,  they  are  soon  decomposed.  A  thick  fluid  is 
formed.  When  no  more  of  this  is  produced,  the  operation 
is  finislied.  Sal-ammoniac  is  also  formed  in  large  Quantity. 
In  the  thick  oily  fluid  is  suspended  a  small  quantity  ot  shining 
lameOte,  which  may  be  separated  by  dissolving  the  oily  flaid 
in  alcohol,  after  the  whole  has  been  freed  from  sal-*ammoniac 
by  means  of  water.  This  crystalline  substance  has  received 
the  name  of  chloride  of  anil.  The  alcoholic  solution  contains 
hydrochloric  aether;  by  distillation  a  resinous  raasa 
in  the  retort;  it  still  contains  chloride  of  anil,  from  ' 
may  be  separated  by  solution  in  alcohol;  if  its  sok 
then  distilled,  and  heated  still  further^  a  volatile 
formed,  which  sublimes  in  needles.  This  is  called  < 
chloride  of  indopten  (gechlortes  chlorindopten).  Thta 
stance,  when  treated  with  potassa,  forms  a  new  actd^  et 
retted  chlorindapitenic  acid  (hyperchlorindoptenic  acid?^ 
has  great  similarity  to  the  chlorindoptenic  add,  but 
mula  is  C12  CF^ 

Chloride  qf  anil  may  be  sublimed  if  carefully  heated; 
soluble  in  water,  almost  so  in  cold  alcohol ;  soluble  in  bMi  * 
hoK  It  is  not  changed  by  nitric,  sulphuric  and  h^^drocfe 
acids.  Formula  G^  Cl^  0%  It  dissolves  in  solution  of  1 
with  a  purple-red  colour ;  on  cooling  brownish  pur 
crystals  are  formed,  which  contain  chloranilic  acid.  ' 
soluble  red  silver  salt  is  C®  Cl«  O^  +  Ag  O.  The 
salt  is  (y  Cl«  O^  K  O  -f  H«  O.  It  explodes  on  heating, 
metallic  salts  are  insoluble.  On  adding  hydrochloric  or  ad* 
phuric  acid  in  excess  to  the  warm  solution  of  chloraniiate  of 
potassa,  reddish  grains,  or  sometimes  yellowish«red  lamellse 
of  chloranilic  acid  are  precipitated.  Dried  at  1S5^  it  con* 
tains  one  atom  of  water,  the  crystals  contain  two  atoms. — 
(Conclusion  in  our  next.) — {Journal  Jur  Praktische  Chemie^ 
xxii.  p.  257-«99.) 

On  Catcchin  {Catechinic  Acid)  and  Pyrocatcchin  {Pyrocatediinic 

Acid). 
Wackenroder  lias  examined  the  properties  of  catechin, 
Zwenger  the  properties  and  the  chemical  composition,  and 
Hagen  the  constitution  alone^  The  foiniulae  obtained  aflxee 
neither  with  one  another,  nor  with  those  formerly  obtained  by 
Svanberg,  we  need  only  therefore  give  those  proposed* 
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SvanbeiiS.       Zwenger.  Hagen. 

Catechin,  dried  in  vacua,  O*  H«  0«  C^*  H^«  0» 

Dried  at  100°  C G» H«0»  C^^W^G' 

Fused  catechin  .......  C«>HW0« 

Combined  with  oxide  of  lead  C^-*  H^*  0« 

The  pvrocatechin  has  been  discovered  and  examined  both 
by  Wackenroder  and  Zwenger.  It  is  obtained  by  heating 
catechin  above  its  point  of  nision ;  white  acid  vapours  are 
evolved,  and  a  more  or  less  brown  coloured  acid  fluid  distils 
over;  by  evaporation  the  pyrocatechin  may  be  obtained  cry- 
stallizeciy  and  may  then  be  purified  by  sublimation.  Melts  at 
20*  C;  easily  soluble  in^  water^  alcohol  and  aether.  The 
aqueous  solution  is  easily  decomposed  by  exposui*e  to  the  air. 
Decomposed  by  alkalies  and  their  carbonates.  Formula 
C«  HP  0«.  In  combination  with  oxide  of  lead,  C^  H*  0.~ 
{Annalen  der  Chemie  und  Pharmacie,  xxxvii.  pp.  806,  320, 
336.) 

XXX.  On  some  Analogies  between  the  Phenomena  of  the 
Chemical  Rays,  and  those  of  Radiant  Heat.  By  John 
William  Draper^  M.D.^  Professot  tf  Chemistry  in  the 
University  of  New  York:    [Illustrated  by  Plate  I.] 

(1.)  TT  is  the  object  of  this  memoir,  to  establish  some  stri- 
-L  king  analogies  which  exist  between  the  phaenomena 
of  the  chemical  rays  and  those  of  radiant  heat. 

(2.)  As  most  of  the  experimental  illustrations  which  I  shall 
here  give  depend  upon  the  use  of  M.  Daguerre's  prepara- 
tion, (though  I  have- numerous  others  which  serve  to  extend 
these  truths  to  other  combinations,  and  which  will  be  pub- 
lished in  due  time,)  I  shall  also  incidentally  give  what  appears 
to  be  the  proper  theory  of  the  Daguerreotype. 

(S.)  Without  saying  anything  of  the  laws  of  reflexion,  re- 
fraction, polarization,  and  interference,  to  which  these  rays 
are  subject,  the  study  of  which  I  commenced  more  than  five 
years  ago  on  paper  rendered  sensitive  by  the  bromide  of 
silver,  further  tnan  that  a  general  similitude  holds  in  all  these 
cases  between  the  rays  of  heat  ana  the  chemical  rays,  I  shall 
at  present  confine  my  observations  to  establishing  the  follow- 
ing  propositions. 

(4.)  Ist.  That  the  chemical  action  produced  by  the  rays  of 
light,  depends  upon  the  ABSoaprioN  of  those  rays  by  sensitive 
bodies ;  just  as  an  increase  of  temperature  is  produced  by  thn 
absorption  of  those  of  heat 

^  Communicated  by  the  Author. 
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(5.)  2nd.  That  as  a  body  warmed  by  the  rays  of  the  sun 
gradually  loses  its  heat  bv  radiation^  or  conduction^  or  cob* 
tact  with  other  bodies,  so  likewise,  by  some  unknown  process, 
photographic  effects  produced  on  sensitive  surfaces  are  only 
transient,  and  gradually  disappear. 

(6.)  3rd.  That,  as  when  rays  of  beat  fall  on  a  mass  of  cold 
ice,  its  temperature  rises  degree  by  degree^  until  it  reaches 
32^  Fahr.,  and  there  stops,  until  a  certain  molecular  change 
(liquefaction)  is  accomplished,  and  after  that  proceeds  to  rise 
again,  so  also  the  chemical  rays  impress  certain  changes 
proportional  to  their  quantity,  up  to  a  certain  point,  and  there 
a  pause  ensues ; — a  very  large  amount  of  light  being  now  ren- 
dered latent  or  absorbed,  without  any  incScation  Uiereof  be- 
ing given  by  the  sensitive  preparation  (as  the  heat  of  fluidity 
is  latent  to  the  thermometer^ — a  molecular  change  then  set* 
ting  in,— the  increments  of  the  quantity  of  light  are  again  in- 
dicated, by  changes  in  the  sensitive  preparation. 

(7.)  4th.  That  it  depends  on  the  chemical  nature  of  the 
ponderable  material  what  rays  shall  be  absorbed. 

(8.)  5th.  That  whilst  the  specific  rays  thus  absorbed  de- 
pend upon  the  chemical  nature  of  the  body,  the  absolute 
amount  is  regulated  by  its  optical  qualities,  such  as  depend 
on  the  condition  of  its  surfaces,  and  interior  arrangement. 

(9.)  6th.  It  will  be  proved  from  this,  that  the  sensitive* 
NESS  of  any  given  substance  depends  on  its  chemical  nature 
and  optical  qualities  conjointly,  and  that  it  is  possible  to  exalt 
or  diminish  the  sensitiveness  of  any  given  chemical  com- 
pound, by  changing  the.  character  of  its  optical  relations. 
We  shall  here  meet  with  an  explanation  of  some  of  the  facts 
noticed  by  Sir  J.  Herschel,  Mr.  Hunt,  Mr.  Talbot,  and 
others,  respecting  the  increase  of  sensitiveness  of  the  chloride 
of  silver  and  other  bodies. 

(10.)  7th.  That,  as  when  radiant  heat  falls  on  the  surface 
of  an  opake  body,  the  number  of  rays  reflected  is  the  com- 
plement of  those  that  are  absorbed,  so  in  the  case  of  a  sen- 
sitive preparation,  the  number  of  rays  reflected  from  the  sur- 
face is  the  complement  of  those  that  are  absorbed. 

Op  the  Daguerreotypes. 

(II.)  In  relation  to  the  condition  of  these  tablets,  I  shall 
prove  the  following  facts : — 

1st.  That  metallic  mercury  exists  all  over  the  surface  of  an 
ordinary  Daguerreotype,  in  the  shadows  as  well  as  in  the 
lights, — in  the  shadows  it  is  as  metallic  mercury,  in  the  lights 
as  silver  amalgam. 

(12.)  2nd.  That  hi  an  iodized  Daguerreotype,  as  taken  from 
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the  mercury-batb,  there  is  no  order  of  saperposition  of  the 
parts,  that  is  to  say,  the  iodide  is  neither  upon  nor  beneath 
the  mercury,  but  both  are  as  it  were  in  the  same  plane. 

(13.)  3ra*  That  when  a  ray  of  light  falls  upon  the  surface 
of  this  preparation,  through  all  the  intervening  steps,  and  up 
to  the  point  of  maximum  action,  no  iodine  is  evolved  from 
the  plate,  but  that  in  the  common  Daguerreotype  the  light 
communicates  a  tendency  to  the  atoms  of  the  iodide  to  yield 
up  to  the  mercurial  vapour  their  silver,  whilst  the  iodine  re- 
tires and  combines  with  the  unaffected  silvei^around.  It  fol- 
lows, that  when  such  a  plate  is  withdrawn  from  the  mercurial 
vapour,  there  is«ill  over  it  an  uniform  film  of  iodide  of  silver^ 
of  the  very  same  thickness  as  at  first,  and  that  this  has  hap- 
pened j.hrough  a  direct  corrosion  of  the  silver,  by  the  iodine, 
whilst  it  was  undergoing  the  mercurial  operation. 

(14.)  I  pass  at  once  to  the  proofs  of  these  several  proposi- 
tions, commencing,  for  the  sake  of  perspicuity,  with  those  re- 
lating to  the  Daguerreotype  first :  and  1st,  That  metallic 
mercury  exists  all  over  the  surface  of  an  ordinary  Daguerreo^ 
type^  in  the  shadctms  as  well  as  in  the  ItghtSj — in  the  shadows  it 
is  as  metallic  mercury^  in  the  lights  as  silver  amalgam. 

(15.)  I  took  n  plated  copper  three  inches  by  four  in  sur- 
face,  and  having  prepared  it  with  care,  I  exposed  half  of  it 
to  the  diffused  light  or  the  day,  screening  the  other  half;  it 
was  then  mercurialized  at  175^  Fahr.,  the  iodide  removed  by 
hyposulphite  of  soda  and  washed.  And  now,  a  plate  on 
which  a  gold-leaf  was  spread,  was  placed  over  it,  but  sepa- 
rated, as  shown  in  Plate  I.  fig.  1.,  in  the  points  a,  6,  c  by 
three  slips  of  glass.  By  means  of  a  spirit-lamp  the  photo- 
graphic plate  <i,  bj  c  was  heated,  and  the  gilded  plate  g  k  kept 
cool,  by  occasionally  wetting  it.  On  parting  the  plates,  it  was 
perceived  that  faint  but  distinct  traces  of  whitening  were  vi- 
sible all  over  the  gold,  as  well  on  that  part  which  was  over 
the  whitened  half  of  the  photograph,  as  over  that  which  was 
unchanged. 

(16.)  But  as  it  might  happen  that  the  mercurv  diffused  it- 
self laterally  past  the  imperfect  obstacle  6,  I  made  the  follow- 
ing decisive  trials : — 

1  iodized  three  silver  plates.  A,  B,  C,  each  three  inches  by 
four  in  surface,  conducting  the  processes  for  each  in  the  same 
way ;  and  having  exposed  each  for  two  minutes  to  a  faint  day- 
light, I  laid  them  aside  in  the  dark,  to  be  presently  used  as 
test  plates,  in  lieu  of  the  ^Ided  plate  (^,  k). 

Then  I  took  three  other  plates,  D,  E,  F,  of  the  same  size, 
and  conducting  the  preparatory  processes  for  each  as  before, 
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I  Iodized  D  in  the  dark,  and  mercurialized  it  forthwith  at 
170^  Fahr.}  taking  the  utmost  care  that  not  a  ray  of  light 
should  be  suffered  to  impinge  upon  it. 

£  was  iodized,  and  exposed  for  two  minutes  to]  difiiised 
daylight,  and  then  merourialized  at  170^  Fahr. 

F  was  iodized,  and  exposed  to  the  sun  until  it  began  to 
turn  brown,  an  effect  occurring  ahnoat  at  once*  It  was  then 
mercurialized  at  170^  Fahn 

All  these  plates,  then»  had  their  sensitive  coating  removed 
by  hyposulphite,  and  were  thorough^  washed  in  distilled 
water  and  dried. 

(170  I  bad  therefore  three  plates,  rc^reseiiting  accurately 
the  conditions  proposed  to  be  investi^ted*  D  was  in  the 
condition  of  the  most  perfect  shadows,  £  in  that  of  the 
highest  lights  and  F  solarized.  In  appearance  D  waa  black» 
£  was  white,  and  F  bluish*gray. 

Upon  D,  £,  F,  I  placed  A,  B»  C  respectively,  separating 
each  pair  of  platea  one*sixteenth  of  an  inch,  or  thereabout^ 
by  slips  of  glass.  Then  I  laid  them  on  the  level  surface  of 
the  sand«bath,  the  test  plates  being  kept  cool  by  aponsing  oo* 
easionally  with  water.  Temperature  of  the  sand  2O0r  Fahr,, 
duration  of  the  experiment  fifteen  minutes« 

On  examination.  A,  B,  C  were  all  found  powerfully  mer- 
curiolized)  nor  did  there  «eem  to  be  any  difference  between 
them. 

(18.)  I  consider,  therefore,  that  tlie  shadows,  the  demitints, 
the  lights,  and  the  solarized  portions  of  a  Daguerreotype,  are 
covered  with  mercury ;  for  at  a]  temperature  of  200^  Fahr. 
they  all  evolve  it  alike,  a  sufficiency  of  vapour  rising  from  the 
part9  that  have  not  been  exposed  to  the  light,  to  bring  a  plate 
that  has  been  so  exposed  to  its  maximum  of  whiteness*, 

(19.)  In  a  former  Number  of  this  Journal  (s.  3.  vol.  xvii. 
p.  218),  I  described  a  remarkable  effect  which  I  had  noticed 
in  these  investigations,  that  if  an  object  such  as  a  wafer  be  laid 
upon  a  piece  of  cold  glass  or  metal,  and  you  breathe  once  on 
it,  and  as  soon  as  the  moisture  has  disappeared  remove  the 
object,  and  breathe  again  on  the  gl^sa,  a  spectral  image  of  the 
wafer  will  make  its  appearance.  The  impression  thus  commu* 
nicated  to  the  surface,  under  certain  conditions,  remaina  there 
for  a  long  time.  During  the  cold  weather  last  winter,  I  pro- 
duced such  an  image  on  the  mirror  of  my  heliostate ;  it  could 
be  revived  by  breatning  on  the  metal  many  weeks  afterwards, 
nor  did  it  finally  disappear  until  the  end  of  several  months. 

*  I  believe  that  the  moat  delicate  test  for  the  presenee  of  inereurv,  is 
a  slip  of  silver  iodise4  to  a  yellow  colour  and  eipoasd  flv  two  or  wee 
minvitei  tQ  a  weak  daylight. 
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(20.)  I  do  not  at  pr«$ent  know  wbat  is  the  refison  of  tbia 
result,  but  the  analogy  between  it  and  the  ariraiig^nient  of 
mercurial  globules,  which  cover  the  aur&ce  of  a  Daguerreo- 
^yp^9  is  too  strikiog  to  be  overlooked.  It  proves  to  us  that 
surfaces  may  assume  suob  a  condition  as  to  affect  the  deposit" 
tion  of  vapours  upon  them,  so  as  to  give  rise  to  the  repn>< 
ducUon  of  appearances  of  external  forms.  I  gave  ther^ord 
particular  attention  to  this  point,  but  eventually  found  that 
silver  mists  in  an  ordinary  Daguerreotype,  in  connexion  with 
the  mercury  all  over  the  plate,  in  a  less  proportion  in  the 
shadows,  and  in  a  greater  prc^ortion  in  the  lights.  This  re« 
suit  was,  however,  only  obtained  after  the  foUowing  fact  was 
discovered — that  the  mucilage  of  gum-arabic,  when  slowly 
dried  in  a  thin  layer  on  the  surface  of  a  Daguerreotype,  splits 
up  in  shivers,  bringing  along  with  it  the  wbita  portions  of  the 
picture,  and  leaving  the  plate  clean. 

(81.)  Having  therefore  prepared  three  plates,  D,  £,  F,  ex* 
actl^  as  before  (16.)»  I  poured  on  them  a  solution  of  gum, 
drained  them  so  as  to  leave  only  a  small  quantity,  and  let 
them  dry  slowly  over  the  sand-batb«  The  gum  separated 
readily,  and  lay  in  chips  on  the  surface  of  each  plate ;  it  waa 
easily  removed  to  three  sheeta  of  paper,  by  tapping  with  the 
finger  on  the  back  of  the  plate.  Each  was  then  treated  alike 
as  follows  :-*- 

(22.)  The  gummy  matter  was  incinerated  on  a  platinum 
leaf,  and  the  remaining  ashes  transferred  to  a  test  tube,  half 
an  inch  in  diameter*  One  drop  of  nitric  acid  and  one  drop 
of  water  were  added ;  it  was  boiled  over  a  small  flame,  and 
diluteil  with  a  little  "water.  Dilute  muriatic  acid  was  now 
added,  and  tlie  chloride  of  silver  immediately  fell.  In  re- 
peating this,  it  is  necessary  to  attend  to  the  state  of  dilution 
of  the  acid,  fur  if  too  strong  it  wholly  dissolves  the  minute 
quantity  of  chloride  of  silver  generated* 

(33.)  As,  from  the  minuteness  of  that  quantity,  it  was  im- 
possible to  obtain  a  direct  quantitative  analysis,  I  adopted 
the  foregoing  method,  and  added  the  dilute  acid  to  all  three 
tubes  at  the  same  time.  In  D  there  was  a  faint  opalescence, 
in  £  and  F  a  cloud ;  but  I  could  not  always  determine  whetlier 
the  deposit  of  £  or  F  was  most  copiousi  sometimes  the  one 
and  sometimes  the  other  appearing  to  have  a  slight  ad- 
vantage. 

(94,)  I  conclude,  therefoi*e,  that  whilst  the  whole  surface 
of  the  plate  is  coated  with  mercury,  it  exists  as  silver  amal- 
gam chiefly  in  the  lights,  and  as  uncombined  mercury  chiefly 
m  the  shadows,  and  in  a  mbced  proportion  in  the  domitints ; 
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and  ihat  when  a  plate  is  solarized,  both  free  mercary  and 
amalgam  are  present* 

(25.)  Such  is  the  state  of  surface  in  a  Daguerreotype,  re-* 
centty  formed.  In  the  course  of  time,  however,  a  great  por- 
tion of  the  mercury  that  is  in  the  shadows,  and  also  free  in 
the  lights,  evaporates  away.  When  the  picture  has  thus 
changed,  the  shadows  are  metallic  silver,  and  the  lights  silver 
amalgam. 

(26.)  2nd.  That  in  an  iodized  Daguerreotype^  as  taken 
from  the  mercury-bath^  there  is  no  order  of  superposition  of  the 
partSf  ihat  is  to  say,  the  iodide  is  neither  upon  nor  baieath  the 
mercury f'  but  both  are  as  it  were  in  the  same  plane. 

Soon  after  I  had  ascertained  the  action  of  gum-arabic, 
some  of  it  was  applied  to  the  surface  of  a  plate,  on  which  an 
impression  had  just  been  formed  in  the  mercury-bath.  This 
was  without  removing  the  coat  of  iodine.  On  drying  it^  the 
gum  chipped  up,  as  was  expected,  bringing  away  with  it  all 
the  lights  of  the  picture,  and  leaving  an  uniform  coat  of  yeU 
low  iodide  of  silver  beneath.  It  seems,  therefore,  that  the 
film  of  iodide  coheres  more  strongly  to  the  metal  plate  than 
the  amalgam ;  and  further,  from  this  result  we  should  judge 
that  the  amalgam  is  on  the  surface  of  the  iodide. 

(27.)  But  this  is  not  true;  for  on  three  different  occa- 
sions I  have  found  that  when  Russian  isinglass  was  employed 
instead  of  gum,  for  purposes  presently  to  be  related  (34.),  the 
isinglass,  from  its  stronger  cohesive  power,  chipped  off  in  the 
act  of  drying,  tearing  up  the  yellow  film  from  end  to  end  of 
the  plate,  and  leaving  the  amalgam  constituting  the  lights  on- 
disturbed.  It  is  here  to  be  understood  that  this  action  takes 
place  without  the  smallest  disturbance  of  the  lights  and  demi- 
tints,  the  plate  remaining  in  all  the  beauty  and  brilliancy 
and  perfection  thatJt  would  have  had,  if  it  had  been  carefully 
washed  in  hyposulphite  of  soda. 

(28.)  This  is  a  result,  however,  which  I  cannot  produce 
with  uniformity.  Most  commonly  the  lights  are  torn  up  with 
the  iodide.  Had  it  occurred  but  once,  I  should  still  have 
cited  it  with  decision,  for  from  the  very  character  of  it,  it  is 
impossible  to  be  mistaken,  or  to  commit  an  error  of  jodge- 
ment  It  proves  to  us  that  the  film  of  iodide  may  be  me- 
chanically torn  off  from  the  metallic  surface  as  perfectly  as  it 
can  be  dissolved  off  by  chemical  agents, — a  singular  fact. 

(29.)  This  result,  therefore,  proving  that  we  can  tear  off 
the  film  of  iodide  and  leave  the  amalgam,  can  only  be  co- 
ordinated with  that  (26.)  by  gum  water,  in  which  the 
amalgam  is  removed  and  the  iodide  left,  by  supposing  that 
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there  is  not  anything  like  a  direct  superposition  in  the  case, 
and  that  the  particles  of  amalgam  and  iodide  lie  as  it  were 
side  by  side. 

(30.)  Srd.  That  wheti  a  ray  of  light  faUs  tq)on  the  mrfaee 
qfthisy  &c.  &c. 

There  is  no  difficulty  in  proving  this  directly,  and  the  in- 
direct evidence  is  copious.  If  we  lay  a  piece  of  paper  im- 
bued with  starch  on  an  iodized  plate,  and  expose  it  to  the 
sun,  although  the  plate  presendy  assumes  a  dark  olive  green 
colour,  the  starch  remains  uncoloured. 

(31.)  This  dark  substance  is  probably  a  subiodide  of  silver ; 
the  iodine  therefore  which  has  been  disengaged  from  it  not 
having  been  set  free,  must  have  necessarily  united  with  the 
adjacent  metallic  silver, — this,  for  very  obvious  reasons,  there 
is  no  difficulty  in  admitting. 

(32.)  Now,  therefore,  when  a  photogenic  impression  ex- 
isting on  the  surface  of  a  plate  in  an  invisible  state  is  brought 
out  by  the  action  of  mercury  vapour,  we  easily  understand 
how  this  is  effected.  No  iodine  is  ever  evolved.  But  each 
atom  of  iodide  of  silver,  that  has  been  acted  on  by  the  light, 
yields  to  the  attraction  of  the  mercury  its  atom  of  silver,  and 
the  iodine  thus  set  free  unites  with  the  metallic  silver  par* 
tides  around  it,  reproducing  the  same  yellow  iodide  by  a  di^ 
rect  corrosion  of  the  plate:  the  proofs  that  we  have  of  this 
are  two  in  number. 

(33.)  1st.  Dry  some  mucilage  of  gum-arabic  on  a  Daguer- 
reotype, just  brought  from  the  mercury*bath ;  when  it  has 
split  up,  we  perceive  that  the  white  amalgam  of  silver  is  re^ 
moved,  and  an  uniform  coat  of  yellow  iodide  of  silver,  of  the 
very  same  thickness  as  at  first,  as  is  proved  by  its  colour,  is 
left. 

(34.)  2ndly.  Dry  upon  the  same  plate  a  solution  of  Russian 
isinglass,  and  when  it  has  split  up,  it  will  be  seen  that  it  uni- 
formly rends  off  with  it  the  yellow  iodide,  leaving  the  metallic 
plate  with  an  exquisite  polish ;  and  wherever  the  light  has 
touched,  there  it  is  corroded. 

(35.)  These  two  facts,  taken  together,  prove  that  in  mer- 
curializing a  plate  no  iodine  is  evolved,  but  that  a  new  film 
of  iodide  of  the  same  thickness  is  formed,  at  the  expense  of 
the  metallic  surface. 

(36.)  From  these  facts  we  readily  gather,  that  on  the 
presence  of  the  metallic  silver  the  sensitiveness  of  this  pre- 
paration mainly  depends,  for  to  the. tendency  which  the  light 
has  impressed  on  the  elements  of  the  iodide  to  separate,  is 
added  the  strong  attraction  of  metallic  silver  for  nascent  io- 
dine. 
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(37.}  This  corrosion  or  biting  in  of  the  silver  plates,  by 
the  conjoint  action  of  the  mercury  and  iodine,  gives  rise  to 
etchings  that  have  an  inexpressible  charm.  Could  any  plan 
be  hit  upon  of  forcing  the  iodine  to  continue  its  aotioOf  the 
problem  of  producing  efigraved  Daguerreotype$  would  be 
solved.  By  another  process,  which  will  be  described  here- 
after, I  have  succeeded  in  producing  deep  etchings  from  Da- 
guerreotypes, -    ■■■■■■ 

(S8.)  I  now  commence  with  the  proofs  of  the  leading  pro* 
positions  set  out  with  in  this  communication. 

And  Ist,  That  the  chemical  action  produced  hy  the  reg^  of 
lights  depends  tqton  the  ABSoaPTioN  qf  those  raufi  l^  sensitive 
bodies^  &c 

Without  embarrassing  myself  here  with  any  consideratians 
of  the  tints  of  thin  plates,  or  the  colours  of  natural  object^ 
I  shall  use  the  term  absorption  as  expressive  of  a  loss  of  ra- 
diant matter,  whether  that  loss  arises  from  a  direct  union  of 
the  luminous  molecules  with  ponderable  matter,  or  is  rather 
a  disappearance  of  e£Gdct,  caused  by  the  interference  of  ^y^ 
stems  of  undulations. 

1  iodised  a  plate  to  a  golden  yellow  colour,  and  exposed  it 
to  the  diffused  light  of  day,  setting  it  in  such  a  position  that  it 
reflected  specularly,  the  light  falling  upon  it  through  the 
window,  to  the  objective  of  a  camera-obscura,  which  wmed 
an  image  of  it  upon  a  second  sensitive  plate.  The  beams 
falling  upon  the  sensitive  plate,  of  course  exerted  their  usual 
influence  upon  the  iodide,  which,  after  the  lapse  of  a  short  time, 
beran  to  turn  brown.  As  soon  as  this  effect  was  observed* 
I  dosed  the  aperture  of  the  camera,  and  taking  out  its  plste^ 
mercurialized  it,  but  it  was  found  that  the  rays  reflected  frooi 
the  sensitive  plate,  although  they  had  been  converged  by  m 
lens  four  inches  in  diameter,  and  formed  a  very  bright  image, 
had  lost  the  quedity  of  changing  the  iodide  of  silver* 

(39.)  We  see,  therefore,  that  a  rav  of  light  which  has  im« 
pinged  on  the  surface  of  yellow  iodide  of  sUver,  has  lost  the 
quality  of  causing  any  further  change  on  a  seccmd  similar 
plate  on  which  it  may  fall. 

(40.)  In  the  practice  of  photogenic  drawing,  this  observa- 
tion is  of  much  importance,  especially  when  lenses  having 
large  apertures  are  used ;  the  rays  which  converge  upon  the 
sensitive  plate  are  reflected  by  it  in  all  directions,  and  the  ca- 
mera is  full  of  light;  its  sides  reflect  back  again  in  all  direc^ 
dons,  on  the  surface  of  the  plate,  these  rays,  which,  if  they 
were  effective,  must  stain  the  plate  in  the  shadows.  But  if  the 
plate  has  been  iodized  to  the  proper  tint,  this  light  is  whdiy 
without  action,  and  hence  the  proof  comes  out  neat  and  clean* 
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(41  •)  Upon  an  iodised  plate  I  received  a  solar  spectrum 
formed  by  a  flint-glass  prism,  the  ray  being  kept  motionless 
by  .reflexion  from  a  beliostat,  and  the  plate  so  arranged  as  to 
receive  the  refracted  rays  nerpendicnlariy.  After  five  minutes 
it  was  roercurialiaedt  and  the  resulting  proof  exhibited  the 

Elace  of  the  more  refrangible  colours  in  the  moat  brilliant 
ues«  The  leaser  refrangible  colours  bad  also  left  their  im- 
press of  a  whitish  aspect,  but  the  region  of  the  yellow  was 
unaltered.  All  the  different  rays,  therefor^  except  the  ye]« 
low,  have  the  power  of  changing  this  particular  preparation. 
Now,  when  a  number  of  pieces  of  cloth  of  difierent  colours 
are  placed  in  the  sun-beam,  they  absorb  heat  in  proportion 
as  their  colour  is  deeper.  A  black  cloth,  which  does  not  re* 
fleet  any  of  those  calorific  rays,  becomes  presently  kot;  and 
in  the  same  way  Daguerre's  sensitive  preparation  absorbs  all 
the  rays  which  have  any  chemical  action  on  it,  and  reflects 
the  yellow  only,  which  does  not  afiect  it.  In  this  particu* 
lar  lies  the  secret  of  its  vast  sensitiveness,  compaitd  with 
the  comqion  preparations  of  the  chloride  and  bromide  of 
ailven 

(42.)  2nd.  That  as  a  body  warmed  Ijf  the  rmft  qfthe  sm^  &c. 
After  a  beam  of  light  has  made  its  impression  on  the 
iodide,  if  the  plate  be  laid  aside  in  the  dark  before  mercu* 
rialistng,  that  impression  decays  away  with  more  or  less 
rapidity;  first  the  faint  lights  disappear,  then  those  that  are 
atr(»iger« 

Having  brought  three  plates  to  the  same  condition  of  iodi* 
zation,  and  received  the  image  of  a  Ms-flame  in  the  camera 
on  each  for  three  minutes,  I  mercurialised  one,  A,  forthwith ; 
theseccmd,  B,  I  kept  an  hour,  the  third,  C  forty«>eight  hours; 
the  relative  appearance  of  these  three  images  is  represented 
in  fig.  2. 

(43.)  Those  who  are  in  the  habit  of  taking  DaguerreOi> 
types,  know  how  much  they  suffer  when  the  process  of  mer* 
curialixation  is  deferred.  To  show  this  effect  in  the  extreme, 
I  took  four  plates,  and  having  prepared  all  alike,  I  exposed 
half  of  the  surface  of  each  to  a  bright  sky  for  eight  seconds. 

Np.  1.  inercurialized  immediately,     c^mc  out«      black  solarised* 

2«  .«.     •••    ...  in  fi?e  hours,    .,.     ...  white. 

3 twenty-two  hours,    ...  same  el^t. 

4 one  hundred  and  forty-four,   no  efiecl« 

(44.)  This  last  plate,  on  being  submitted  twice  more  to  the 
vapour  of  mercury,  gave  an  indistinct  mark.  On  exposing 
a  corner  of  it  to  the  sun  it  blackened  instantly,  these  results 
showing  that  the  peculiar  condiiion  brought  on  by  the  action 
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of  the  light  gradually  disappears,  the   compound  all  the 
time  retaining  its  sensitiveness. 

(45.)  Similar  results  are  mentioned  by  Daguerre  in  the 
case  of  the  changes  produced  on  surfaces  of  resinous  bodies, 
and  I  have  noticed  them  in  a  variety  of  other  cases.  Now  to 
whatever  cause  these  phsenomena  are  due,  whether  to  any 
thing  analogous  to  radiation,  conduction,  &c.,  it  is  most  active 
during  the  first  moment  after  the  light  has  exerted  its  agency, 
but  it  must  also  take  effect  even  at  the  very  time  of  exposure; 
and  it  is  for  these  reasons  that  it  comes  to  pass,  that  when 
light  of  a  double  intensity  is  thrown  upon  a  metallic  plate 
the  time  required  to  produce  a  given  effect  is  less  than  one 
half. 

(46.)  I  could  conceive  the  intensity  of  a  ray  so  adjusted, 
that  in  [falling  upon  a  given  sensitive  preparation,  the  loss 
from  this  cause,  tliis  casting  off  of  the  active  agent,  should  ex- 
actly balance  the  primitive  effect,  and  hence  no  observable 
change  result  Hereafter  we  shall  find,  that  one  cause  of  the 
non-sensitiveness  of  a  number  of  bodies  is  to  be  traced  di- 
rectly to  the  circumstance,  that  they  yield  up  these  rays  as 
fast  as  they  receive  them. 

(47.)  It  needs  no  other  observation  than  a  critical  exami- 
nation of  the  sharp  lines  of  a  Daguerreotype  proof  with  a 
magnifying  glass,  to  show  that  the  influence  of  the  chemical 
rays  is  not  propagated  laterally  on  the  yellow  iodide  of  silver. 
Of  the  manifestations  which  these  rays  may  exhibit,  after  they 
have  lost  their  radiant  form  and  become  absorbed,  we  know 
but  little.  If  they  conform  to  the  analogous  laws  for  heat, 
and  if  the  absorbing  action  of  bodies  for  this  agent  is  in- 
versely as  their  conducting  power,  we  perceive  at  once  wky  a 
photographic  effect,  produced  on  yellow  iodide  of  silver,  re- 
tains the  utmost  sharpness  without  any  lateral  spreading;  the 
absorbing  power  is  almost  perfect,  the  conducting  should 
therefore  be  zero. 

(48.)  3rd.  TTiatj  as  when  rays  of  heat  fall  on  a  mass  ofccid 
ice^  &c.  Sec. 

Although  in  the  sun  the  iodide  of  silver  blackens  at  once, 
this  is  only  the  result  of  a  series  of  preliminary  operations. 

When  we  look  at  a  Daguerreotype,  we  are  struck  with  the 
remarkable  gradation  of  tint,  and  we  natflrally  infer  that 
the  amount  of  whitening  induced  by  mercurialization,  is  in 
direct  proportion  to  the  amount  of  incident  light ;  otherwise 
it  would  hardly  seem  that  the  gradation  of  tones  could  be  so 
perfect. 

(49.)  But  in  truth  it  is  not  so.  When  the  rays  begin  to  act 
on  it,  the  iodide  commences  changing,  and  is  capable  of  be- 
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ing;  whitened  by  mercury.  Step  by  step  this  process  goes  on^ 
an  increased  wliiteness  resulting  from  the  prolonged  action 
or  increased  brilliancy  of  the  light,  until  a  certain  point  is 
gained,  and  now  the  iodide  of  silver  apparently  undergoes 
no  further  visible  change;  but  another  point  being  gained,  it 
begins  to  assume,  when  mercurialized,  a  pale  blue  tint,  be- 
coming deeper  and  deeper,  until  it  at  last  assumes  the  bril- 
liant blue  of  a  watch-spring.  This  incipient  blueness  goes 
under  the  technical  name  of  solarization. 

(50.)  The  successful  practice  of  the  art  of  Daguerreo- 
typing,  therefore,  depends  on  limiting  the  action  of  the  sun- 
ray  to  the  first  moments  of  change  in  the  iodide ;  for  if  the 
exposure  be  continued  too  long,  the  high  lights  become  sta- 
tionary, whilst  the  shadows  increase  unduly  in  whiteness,  and 
all  this  happens  long  before  solarization  sets  in. 

(51.)  Let  us  examine  this  important  phsenomenon  more 
minutely.  Having  carefully  cleaned  and  iodized  a  silver  plate 
three  inches  by  four  in  size,  it  is  to  be  kept  in  the  dark  an 
hour  or  two. 

By  a  suitable  set  of  tin-foil  screens,  rectangular  portions  of 
its  surface,  half  an  inch  by  one-eighth,  are  to  be  exposed  at  a 
constant  distance  to  the  rays  of  an  Argand  gas-burner  (the 
one  I  have  used  is  a  common  twelve-holed  burner),  the  first 
portion  being  exposed  fifteen  seconds,  the  second  thirty  se- 
conds, the  third  forty-five  seconds,  the  fourth  sixty  seconds, 
&c.  &C. 

We  have  thus  a  series  of  discs  or  spaces  upon  the  plate. 


a,  i,  c,  dj  fig.  S,  each  of  which  has  been  affected  by  known 
quantities  of  Tight;  b  being  affected  twice  as  much  as  a^  having 
received  a  double  quantity  of  light;  c  thrice  as  much  as  a. 


having  received  a  triple  quantity,  &c.  &c. 

The  plate  now  is  exposed  to  the  vapour  of  mercury  at 
170^  Fahr.  for  ten  minutes ;  the  spaces  or  discs  all  come  out 
in  their  proper  order,  and  nothing  remains  but  to  remove  the 
iodine. 

(52.)  An  examination  of  one  of  these  plates  thus  prepared, 
shows  us^  that,  commencing  with  the  first  space  a,  we  dis- 
cover a  gradual  increase  of  whitening  effect  until  we  reach 
the  seventh ;  that  a  perfect  whiteness  is  there  attained ;  that, 
passing  on  to  the  sixteenth,  no  increase  of  whitening  is  to  be 
perceived,  although  the  quantities  of  light  that  have  been  in- 

*  It  is  impossible  to  represent  these  changes  in  a  drawing,  which  is 
simply  black  and  white ;  it  will  be  understood  that  the  characteristic  di- 
stinction of  the  spaces  from  the  sixteenth  to  the  twentieth,  for  example, 
depends  on  their  aasuming  a  blue  tint,  which  continually  deepens  in  inten- 
sity. 
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cidentand  absorbed,  have  been  continoallv  increasing ;  but 
as  soon  as  tlie  light  thus  latent  has  reached  a  certain  qnan- 
tity,  risible  decomposition  sets  in^  indicated  by  a  blueness,  and 
the  sensitive  surface  once  more  renders  evident  the  increments 
of  incident  light 

(53.)  Or,  by  presenting  a  plate  covered  with  a  screen  to  a  sky 
that  is  clear  or  uniformly  obscured,  and  with  a  regular  motion, 
withdrawing  the  screen  deliberately  firom  one  end  to  the  otlier, 
and  then  suddenly  screening  the  whole ;  it  is  plain  that  those 
parts  first  uncovered  will  have  received  the  greatest  quantity 
of  light,  and  the  others  less  and  less.  On  mercurialixing,  it 
will  be  seen  that  a  stain  will  be  evolved  on  the  plate,  as  is 
i^epresented  in  fig.  5 ;  from  a  to  6  the  changes  have  been  suc- 
cessive ;  from  6  to  c  no  variation  in  the  amount  of  whitening 
is  perceptible ;  at  d  solarisation  is  commencing,  which  be- 
comes deeper  and  deeper  to  the  end,  «,  of  the  stain» 

(64*. )  The  plate  from  which  the  drawing  of  fig*  5  is  taken, 
gives  from  6  to  d  ten  parts,  from  bxoc  seventeen  parts,  from  d 
to  e  twelve  parts ;  we  perceive  therefore  how  lar^  an  amount 
of  light  is  absorbed,  and  its  effects  rendered  latent,  lietween 
the  maximum  of  whiteness  being  gained,  and  sdariffation 
setting  in, 

(B5.)  4th,  That  it  depends  on  the  chi&mical  nutute  of  the 
ponderable  material  u>hat  rays  shall  be  absorbed. 

I  had  prepared  a  number  of  observations  in  proof  of  ibis, 
very  much  of  the  same  kind  as  those  which  have  some  time 
ago  been  published  in  the  Phil.  Trans,  by  Sir  J.  Herschei. 
These  refer  chiefiy  to  the  variable  lengths  of  the  stains^  im- 
pressed by  the  prismatic  solar  spectrum  on  different  chemical 
bodies,  and  the  points  of  maximum  action  notioed  in  them. 
For  the  present  I  content  myself  with  referring  to  that  ex* 
eel  lent  memoir  for  proofs  substantiating  this  proposition. 

(56.)  5th.  That  whilst  the  specific  rays  thus  absortied  de- 
pend upon  the  chemical  nature  of  the  body,  die  absolute 
amount  is  regulated  by  its  optical  qualities,  such  as  depend 
on  the  condition  of  its  surfaces,  and  interior  arrangement. 

I  took  a  polished  silver  plate,  and  having  exposed  it  to  the 
vapour  of  iodine,  found  that  it  passed  through  the  following 
changes  of  colour  :~lst,  lemon  yellow  t  2nd,  golden  yellow : 
Srd,  reddish  yellow :  4th,  blue:  5th,  lavender:  6th,  metallic : 
7th,  yellow:  8th,  reddish:  9th,  green,  8cc.  &c.  the  differ- 
ences of  colour  being  produced  by  the  differences  of  thick- 
ness in  the  film  of  iodide,  and  not  by  any  difference  of  che- 
mical quality* 

(570  ^^  ^  ^  common  remark,  originally  made  by  M*  Da^ 
guerre,  that  of  these  different  tints  that  marked  S  is  the 
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most  sensitive^  and  photogenic  draughtsmen  generally  suppose 
that  the  others  are  less  efficient  from  the  circumstance  of  the 
film  of  iodide  being  too  thick.  Some  suppose^  indeed^  that 
the  first  yellow  alone  is  sensitive  to  light  We  shall  see  in  a 
few  moments  that  this  is  very  far  from  being  the  case. 

(58*)  Having  brought  nine  different  plates  to  the  different 
colours  just  inaicateO}  I  received  on  each  the  image  of  an 
uniform  gas-flame  in  the  camera,  treating  all  as  nearly  alike 
as  the  case  permitted.  I  readily  found  that  in  No*  1  there 
was  a  well-marked  action,  No.  2  still  stronger,  but  that  the 
rays  had  less  and  less  influence  down  to  No.  6,  in  which  they 
appeared  to  be  almost  without  action ;  but  in  No.  7  th^  had 
recovered  their  original  power,  being  as  energetic  as  in  No.  2, 
and  from  that  declining  again ;  this  is  shown  m  fig.  6. 

(59.)  Hence  we  see,  thsLt  the  sensitiveness  of  Uie  iodide  of 
silver  is  by  no  means  constant;  that  it  observes  periodical 
changes  which  depend  on  the  optical  qualities  of  the  film^ 
and  not  on  its  chemical  composition ;  and  that  by  bringing  the 
iodide  into  those  circumstances  that  it  reflects  the  blue  rays 
we  greatly  reduce  its  sensitiveness,  and  still  more  so  when  we 
ai^ust  its  thickness  so  as  to  ffive  it  a  gray  metallic  aspect; 
But  the  moment  we  go  beyond  this,  and  restore  by  an  in^ 
creased  thickness  its  original  cohrn^  we  restore  also  its  sensi" 
tiveness.  Here  then,  in  this  remarkable  result,  we  again  per^ 
oeive  a  corroboration  of  our  first  proposition. 

(60.)  I  may,  however,  observe  in  passing,  that  although 
I  am  describing  these  actions  as  if  there  was  an  actual  ab- 
sorption of  the  rays,  and  that  films  on  metallic  plates  exhibit 
colours,  not  through  any  mechanism  like  interference^  but 
simply  because  they  have  the  power  of  absorbing  this  or  that 
ray,  there  is  no  difficulty  in  translating  these  observations 
into  the  language  of  that  hypothesis.  When  the  diffracted 
fringes  given  by  a  hair  or  wire  in  a  cone  of  diverging  light 
are  received  on  these  plates,  corresponding  marks  are  ob- 
tained, a  dark  stripe  occupying  the  place  of  a  yellow  fringe^ 
and  a  white  that  of  a.  blue.  I  found,  more  than  four  years  ago^ 
that  this  held  in  the  case  of  bromide  of  silver  paper,  and  have 
since  verified  in  a  more  exact  way  with  this  French  prepara- 
tion. Similar  phasnomena  of  interference  may  be  exhioited 
with  the  chloride  of  silver. 

(61.)  We  have  it  therefore  in  our  power  to  exalt  or  do* 
press  the  sensitiveness  of  any  compound,  by  changing  its 
optical  conditions.  Until  now,  it  has  been  supposed  that  the 
amount  of  change  taking  place  in  different  oodies,  by  thtt 
action  of  the  rays  of  light,  depended  wholly  on  their  chemical 
oonstitutioB)  and  hence  ccnnparisons  have  been  instituted^  «• 
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to  the  relative  sensitiveness  of  the  chlorides,  bromides,  oxides^ 
and  iodides  of  silver,  &c.  But  it  seems  this  liability  to  change 
depends  also  on  other  principles,  which,  being  liable  to  varia- 
tion, the  sensitiveness  of  a  given  body  varies  with  them.  Thus 
this  very  iodide  of  silver,  when  in  a  thin  yellow  film,  is  de- 
composed by  the  feeblest  rays  of  a  taper,  and  even  moon- 
light acts  with  energy;  yet  simplv  by  altering  the  thickness 
of  its  film  it  becomes  sluggish,  blackening  even  in  the  sun- 
light tardily,  and  recovers  its  sensitiveness  again  on  recover- 
ing its  yellow  hue. 

(62.)  We  have  now  no  difficulty  in  understanding,  how  in 
the  preparation  of  ordinary  sensitive  paper  great  variations 
ensue,  by  modifying  the  process  slightly,  and  how  even  on 
a  sheet  which  is  apparently  washra  uniformly  over,  lai^ 
blotches  appear  which  are  either  inordinately  sensitive,  or  not 
sensitive  at  all.  If,  without  altering  the  chemical  composition 
of  a  film  on  metallic  silver,  or  even  its  mode  of  aj^^egation, 
such  striking  changes  result  by  difference  of  tkicJhiess,  how 
much  more  may  we  expect  tliat  the  great  changes  in  molecu- 
lar condition,  which  apparently  trivial  causes  must  bring 
about  on  sensitive  paper,  should  elevate  or  depress  its  capa- 
bility of  being  acted  on  by  light  1  If  I  mistake  not,  it  is  upon 
these  principles  that  an  explanation  is  to  be  given  of  the 
successful  modes  of  preparation  which  Mr.  Talbot  and  Mr. 
Hunt  have  described,  and  the  action  of  the  mordants  of  Sir 
John  Herschel. 

(63.)  I  therefore  infer, 

6th.  Thai  the  sensitiveness  of  any  given  preparationdepends 
on  its  chemical  nature^  and  its  optical  qualities  conjointly;  and 
that  it  is  possible  to  exalt  or  diminish  the  sensitixieness  of  a 
given  compound^  by  changing  its  optical  relations. 

(64.)  7th.  TAn/,  as  when  radiant  heat  falls  on  the  surface  of 
an  opake  body,  the  number  of  rays  reflected  is  the  complement 
of  those  that  are  absorbed^  so  in  the  case  of  a  sensitive  prepara- 
tion^  the  number  of* chemical  rays  reflected  from  the  surface  is 
the  complement  of  those  that  are  absorbed* 

This  important  proposition  I  prove  in  the  following  way : — 
I  take  a  plate,  A  6,  fig.  4,  three  inches  by  four,  and  by 
partially  screening  its  surface  whilst  in  the  act  of  iodizing, 
with  a  proper  piece  of  flat  glass,  I  produce  upon  it  five  trans- 
verse bands,  6,  c,  ^,  e^f;  the  fifth,  f  which  has  been  longest 
exposed,  is  of  a  pale  lavender  colour;  the  fourth  a  bright 
blue ;  the  third  a  red ;  the  second  a  golden  yellow ;  and  the 
first  uniodized  metal ;  the  object  of  this  arrangement  being 
to  expose  at  the  same  time  and  on  the  same  plate,  a  series  of 
£ilms  of  different  colours  and  of  different  thicknessi  and  to 
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examine  the  action  of  the  rays  impinging  on  them,  and  the 
rays  reflected  by  them. 

Having  prepared  a  second  plate,  B,  and  iodized  it  uniformly 
to  a  yellow,  I  deposit  it  in  the  camera,  and  now  placing  the 
first  plate,  A  G,  so  that  the  rays  coming  on  it  through  the 
window  from  the  sky  shall  be  specularly  reflected  to  the  ob« 
ject«glass  of  the  camera,  and  the  image  of  A  G  form  upon  B, 
I  allow  the  exposure  to  continue  until  the  yellow  of  A  G  is 
beginning  to  turn  brown ;  then  I  shut  the  camera  and  mer- 
curialize both  plates. 

In  consequence  of  what  has  been  said  {B%.)j  it  will  be  readily 
understood,  that  of  the  bands  on  A  G,  the  first  one,  which  is 
the  bare  metal,  does  not  whiten  in  the  mercury  vapour ;  the 
second,  which  is  yellow,  mercurializes  powerfully ;  the  third, 
which  is  red,  is  less  aSected ;  the  fourth,  which  is  blue,  still 
less;  and  the  fifth,  which  is  lavender,  hardly  perceptible. 

But  the  changes  on  B,  which  have  been  Brought  about  by 
the  rays  reflected  from  A  G,  are  precisely  the  converse ;  the 
band,  which  is  the  image  of  6,  is  mercurialized  powerfuHv; 
that  of  c  is  untouched  and  absolutely  black,  d  faintly 
stained,  e  whitened,  and  f  mercurialized,  but  little  less 
than  b. 

{65.)  It  follows  from  this,,  that  a  white  stripe  on  B  corre- 
sponds to  a  black  one  on  A  G,  and  the  converse :  and  for  the 
depth  of  tint  of  the  intermediate  stripes  those  of  the  one  are 
perfecdy  complementary  to  the  corresponding  ones  of  the 
other. 

By  the  aid  of  these  results,  we  are  now  able  to  ^ive  an  ac- 
count of  the  variability  of  sensitiveness  in  photogenic  prepara- 
tions ;  the  yellow  iodide  of  silver  is  excessively  sensitive,  be* 
cause  it  absorbs  all  tlie  chemical  rays  that  can  disturb  it, 
whilst  the  lavender  is  insensitive,  because  it  reflects  them. 
Under  this  point  of  view,  sensitiveness  therefore  is  directly  as 
absorption  and  inversely  as  reflexion. 

The  superiority  of  Daguerre's  preparation  over  common 
sensitive  paper  may  now  be  readily  understood.  It  absorbs 
all  the  rays  that  can  afiect  it,  but  the  chloride  of  silver,  spread 
upon  paper,  reflects  many  of  the  active  rays.  The  former, 
when  placed  in  the  camera,  eives  rise  to  no  reflexions  that 
can  be  imurious;  the  latter  fills  it  with  active  light,  and  stains 
the  prooi  all  over.  Hence  the  Daguerreotype  has  a  sharp- 
ness and  mathematical  accuracy  about  its  lines,  and  a  depth 
in  its  shadows,  which  is  unapproachable  by  the  other.  More- 
over, the  transiucency  of  the  white  chloride  of  silver,  as  well 
as  its  high  reflecting  power,  permits  of  particles  lying  out  of 
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the  lines  of  lifffat  being  affected,  the  luminous  material  be- 
coming diffused  in  the  paper. 

The  &C1,  therefore,  that  a  given  compound  remains  un- 
changed even  in  the  direct  rays  of  the  sun,  is  nci  proof  that 
light  cannot  decompose  it ;  it  may  reflect  or  transmit  the  ac- 
tive rays  as  fast  as  it  receives  them.  It  results  from  this,  that 
optical  forces  can  control  and  even  check  the  play  of  chemical 
affinities.  Whilst  thus  it  appears  that  there  are  points  of 
analogy  between  this  chemical  agent  and  radiant  beat,  we 
must  not  too  hastily  infer  that  the  Taws  which  regulate  the  one 
obtain  exclusively  also  with  the  other*  As  is  well  known, 
there  are  striking  analogies  between  radiant  heat  and  light, 
but  there  are  also  points  of  difference,  the  convertibility  of 
heat  of  one  degree  of  reirangibility  to  another  does  not  oc- 
cur with  light;  there  are  also  dissimilitudes  in  the  plueno- 
mena  of  radiation  and  its  conse<]uences.  I  do  not  doubt,  that 
what  has  been  communicated  in  this  memoir,  will,  by  the  re- 
searches of  others,  be  greatly  extended ;  but  it  is  not  to  be  ex- 
pected that  a  complete  parallel  can  .be  run  between  radiant 
heat  and  the  chemical  ra3rs,  any  more  than  between  radiant 
hei^  and  light. 

From  the  phaenomena  of  the  interference  of  these  raya,  of 
^e  sensitiveness  or  non-aensitiveneas  of  the  utme  chemical 
compound  being  determined  merely  bv  the  fact  of  its  thick* 
ness  or  thinness,  these,  and  many  otner  similar  results,  ob^ 
viousfy  dependfM  upon  meehatiical  principles,  it  seems  to  me 
that  very  powerful  evidence  may  be  drawn  against  the  nui- 
teriality  of  light,  and  its  entering  into  chemical  union  with 
ponderable  atoms.  Those  pbilosopiiers  who  have  endea- 
voured to  prove  the  ondulatory  theory,  will  probably  find  in 
studying  these  subjects  cogent  evidence  in  fiivour  of  their 
doctrines. 


XXXI.     On  the  Atomic  Weight  qf  Cathoiu    By  Professors 
Redtenbachee  of  Prague^  and  Liebig  ofCiessen^. 

IN  the  analysis  by  oonbostion  of  organic  stdistances  wbidi 
contain  carbon  and  hydrogen,  the  obaervitfioa  has  (re- 
qoentiy  been  made  of  late  yean,  that  the  weisht  of  the  ele- 
ments separately  found  by  experiment,  actually  exceeds  the 

•  TVaiwUi^  from  ths  Dfiginal  GersMa  by  Dr.  J.  H.  Gilbeii;  aad  coo- 
imioJCBted  by  tbe  CJi^mical  twcieiVr  hsviiig  beeo  read  before  the  Society. 
May  8th,  1841. 

An  abstract  of  Dr.  March&nd's  paper  on  the  same  tubject  will  be  tofigitA 
la  the  Proceedings  of  tbeSedetj,  to  be  gt^ea  fo  ovr  oest  Nambsr, 
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original  weighi  of  the  malUr  «iibipitled  to  combustion.  In 
the  analyses  we  po^^ew  of  napbtbalin  by  Mit««ber]icb»  by 
DomB«,  and  by  Woskre^en^kyf  this  is  particularly  remarkable. 
One  hundred  parte  of  napbtb^UD  gave  lo  Mitocberlieh,^ 

1.  «. 

Carbon  .............    9^9^  94-440 

Hydrogen  •••••!•••       0*M  0*225 

loo-eo      loo'sea 

One  hundred  parts  of  naphthalin  gave  to  Dumofff-* 

J.  9.  3t  4,         6, 

Carbon  ,M    94^2      84*22      94*27      94*9      94*9 
Hydroflan      6*3       6*9Q       6*26       6'2       6*1 

JOo7   100*52    100*63    mi    lOVO 

And  to  Woskresensky;  100  parts  of  the  same  substance 
yields— 

h  2.  3,  4.  6.  6r 

Carbon  04*623  94*598  950398  93*668  84*395  94-494 
Hydrogen     6*529       6-389        5-3830     6'142       6306       6-526 

101-158    100-897    100*4098    99810    lOpeOl    101-080 

This  contta^t  ofi^rrmca  in  »o  many  carefully  conducted 
wperiment^f  indicatiM  a  common  «wrce  of  error  upon  which 
it  ia  dependant  I  it  can  only  be  attributed  to  two  causes* 
One  of  tbeae  may  be  «ough(  m  the  d^fbct^  of  H^  nMbod  of 
Analv9ii^  t|ie  other  in  the  fuppo^Hion  that  the  prodnctv  of  the 
6ombu9tion  (wAter  and  carbooip  Acid)  have  d)&rent  campor 
eitione  from  those  usually  a^^igned  tg  them.  If  indeed  either 
wAter  er  eerbonie  aeid  cpntaioi  iom<9wbat  lass  pf  bydr(Mien 
or  pf  oarbon  iban  we  at  present  pyppose,  th#n  as  we  i^aknlate 
ihm  the  qnantities  found  of  the  fprm$r  bodies,  tb#  «xpess  in 
ibe  analyses  is  diminj»bed  in  (be  sam^  proportion. 

Let  U8  suppose,  for  example,  that  carbonic  acid  contains 

only  76  oarbm  i&staad  of  76'*37  to  300  4^  oKygaut  and  wAter 
only  IS  bydrnpn  instead  of  Vi'^196  U>  \0Q  OKygePr  and 
then  we  sbaU  beve  no  access  in  any  of  the  analyses  quoted^ 
whilst  the  wperimmtal  come  to  agree  perfectly  with  the  icaU 
eolaled  results-  Are  we  then  entitled  to  make  such  changes 
in  tbe  atomie  weii^tis,  pro<:eeding  as  we  do  upon  the  asisiuned 
•cevraqr  of  experiment^  whiph«  from  the  complex  nature  of 
tliQ  apfNuratuSi  can  mik^  no  eiaim  to  absoluto  precisioni  or 
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ought  we  not  first  to  compare  these  with  other  experiments^ 
in  which  this  source  of  error  is  entirely  avoided  ? 

A  question  also  arises,  whether  napluhalin^  a  substance  the 
atomic  weight  of  which  cannot  be  determined  with  certainlyi 
as  it  enters  undecomposed  into  no  combination,  is  a  proper 
substance  to  select  as  the  means  of  determining  the  atomic 
weight  of  carbon  or  of  hydrogen  ?  That  body  must  indeed 
be  rejected  on  this  account,  for  it  is  not  in  our  power  to  con- 
trol our  analytical  results  from  a  knowledee  of  the  weight  of 
its  atom,  that  is,  the  sum  of  the  atomic  weignts  of  the  elements 
composing  it. 

When  we  also  consider,  that  the  naphthalin,  which  in  the 
above  experiments  was  submitted  to  combustion  in  a  glass 
tube  with  oxide  of  copper,  is  a  volatile  body,  that  it  cannot 
be  introduced  into  the  combustion  tube,  with  oxide  of  copper 
that  is  absolutely  free  from  moisture;  and  bear  in  mind  also, 
that,  owing  to  the  volatilitv  of  the  substance,  this  mobture 
cannot  previously  to  combustion  be  removed  by  means  of 
exhaustion,  we  cannot  doubt  the  existence  of  a  source  of  error, 
which  must  increase  the  per-centage  of  hydrogen  beyond  that 
which  actually  existed  in  the  substance ;  for,  however  small 
the  quantity  of  this  hygroscopic  moisture  may  be^  it  is  never- 
theless always  present;  it  is  weighed  with  the  chloride  of 
calcium  tube,  and  its  hydrogen  added  to  that  contained  in 
the  substance. 

In  all  analyses  hitherto  conducted^  even  those  in  which 
the  whole  of  the  hygroscopic  water  had  been  removed  as 
nearly  as  possible  before  combustion,  by  means  of  exhaustion, 
it  is  observed  that  the  experiment  invariably  gives  rather 
more  hydrogen  than  is  indicated  by  calculation.  This  excess 
amounts  in  good  analyses  to  from  0*1  to  0*2  per  cent.  It  is 
found,  however^  that  this,  in  reference  to  the  quantity  of  sub- 
stance employed  in  analysis,  is  not  sufScient  to  affect  the  pro- 
portion of  the  elements,  to  the  extent  observed  in  the  analyses 
of  naphthalin;  the  excess  in  those  analyses  is  however  dimi- 
nished, when  allowance  is  made  in  the  calculation  for  this 
error. 

There  exists  therefore  some  other  cause  affecting  the  deter* 
mination  of  the  equal  quantity  of  the  elementary  constituents 
of  an  organic  substance,  in  such  a  manner,  that  one  of  them^ 
namely,  the  carbon^  when  calculated  from  the  quantity  of  car- 
bonic acid  obtained  by  combustion,  amounts  to  more  than  the 
weight  of  the  carbon  which  is  contained  in  the  matter  analysed. 
On.  this  account  a  new  determination  of  the  atomic  weight  of 
carbon  appears  to  be  indispensable^  and  we  have  uni^j  in 
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order  conjointly  to  submit  the  atomic  weight  of  carbon,  as  at 
present  received,  to  a  severe  and  accurate  scrutiny. 

It  is  known  that  two  of  the  most  distinguished  natural  phi- 
losophers, Biot  and  Arago,  have,  by  means  of  the  direct 
weighing  of  carbonic  acid,  fixed  upon  the  number  1*519  for 
the  specific  gravity  of  that  gas.  Their  experiments  were  re- 
peat(^  by  Dulon^  and  Berzelius,  with  whom,  as  regards  skill 
and  talent,  conscientiousness  and  accuracy,  no  others^  can  be 
compared.  The  two  last  observers  found  the  number  1*524 
for  the  specific  gravity  of  carbonic  acid ;  that  obtained  by 
De  Saussure  is  1*5269. 

The  atomic  weight  of  carbon,  as  calculated  from  the  first 
of  these,  is  75*530,  and  from  the  other,  76*437.  There  is  no 
known  gas  more  easily  obtained  in  a  pure  state,  or  which  can 
more  easily  be  distinguished  from  a  forei^  body,  than  car-* 
bonic  acid.  Any  admixture  of  atmospheric  air,  or  of  other 
gases,  can  only  lower  its  specific  gravity. 

Experiments  have  lately  been  conducted  by  Rudberg  on 
the  dilatation  of  gases  under  the  influence  of  heat*,  from  which 
he  calculates  that  the  coefiicient  of  dilatation  is  somewhat 
less  than  was  previously  supposed ;  should  these  experiments 
be  correct,  the  proof  of  whicn  still  remains  to  be  maue  known, 
they  do  not  influence  the  specific  gravities  of  two  gases  as 
determined  at  the  same  temperature,  even  supposing  the  re- 
duction to  the  normal  temperature  be  made  according  to  the 
coefiicient  of  dilatation  as  hitherto  received ;  if  weighed  at 
unequal  temperatures,  however,  a  difierence  is  observ^. 

In  the  experiments  of  Dulong  and  Berzelius,  atmospheric 
air  was  weighed  at  20^^  C,  and  carbonic  acid  at  18°  C. ;  con- 
sequently the  reduction  of  the  gas  to  O^C,  according  to  the 
former  coefiicient  of  dilatation,  gives  the  weight  of  air  some- 
what too  high,  and  since  this,  in  an  equal  volume,  represents 
the  divi$orj  the  specific  gravity  of  carbonic  acid  is  estimated 
rather  too  low;  in  all  cases,  however,  the  difierences  fall 
within  the  limits  of  the  errors  of  observation. 

When  we  remember  that  the  determinations  of  the  specific 
gravities  of  these  gases  were  conducted  with  the  same  balloon, 
the  same  scales  and  weights,  and  at  temperatures  varying 
very  little  from  each  other,  we  ought  not  to  call  in  question 
their  correctness  without  the  strongest  and  most  convincing 
reasons. 

During  the  last  twelve  years,  a  great  number  of  weighings 
of  the  vapours  of  volatile  bodies  very  rich  in  carbon,  have 
been  undertaken  in  reference  to  this  point  by  Gay-Lussacy 
*  See  Taylor*!  Scientific  Memoirs,  vol.  ii.  pp.  507, 514, 543. 
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0nd  also  by  Damas^  as,  for  instance^  those  of  alcoholi  etb«*i^ 
and  acetone^  the  results  of  which  agrae  either  parfeotly  with 
th^  speaiflc  gtavity  of  carbon  vapour^  as  dadooad  from  that  of 
carbonic  acid  and  of  oitygcn^  Or  inditeta  it  to  ba  sonawhat 
bighari  thas  tba  specific  g^arity  of  ttthar  tapotir  is  S'MO 
by  exparimant^  and  2*fM  by  oalcobltioni  and  that  of  tha 
vapoui*  of  alcohol  is  V61M  by  axparllnentf  and  1'600  by  oal» 
Cttiation» 

In  most  of  tha  obsartations  of  Dnmas^  iha  obsei^cd  spa* 
ciflc  gratlty  of  bodias  Tcry  rich  in  carbon^  is  far  higher  Uian 
that  obtained  by  calculation.  Thus,  accordldff  to  tm  fermnki 
Cg  tf^  tha  specifics  gravity  of  the  vapour  m  napbUialiti  is 
4*4889}  the  experifflant  of  DumaSf  howatari  givas  4'5M|  and 
that  of  Woskrasansky  4*672,  from  which  it  may  with  great 
probability  be  Concludadf  that  tba  specific  gravity  of  carbon 
vapour  is  rather  higher  than  0*49  ld9|  or  0-84979. 

The  above-mentioned  atomic  weights  of  carbon^  whidi 
have  rasultad  frotn  direct  experiments,  are  contradicted  by 
obe^  whichi  boweVar,  we  may  say  is  quite  fictitious  |  its  ad<^ 
tion  is  based  on  the  hypothesis  that  the  atomic  weightt  of 
simple  bodies  ara  multiples  of  that  of  hydrogen  by  whole 
numbers*  The  atomic  weight  of  hydrogen  is  In  the  abstract 
ver;)r  smallf  and  it  would  be  Strange  indeedf  if  this,  when  muU 
tiplied  by  whole  numbersf  did  not  in  many  cases  give  a  num- 
ber, within  certain  limits,  approaching  (suppose  we  say  of  one* 
fourth  or  one^eighth  of  its  owti  atom)  those  of  bodies  having 
higheif  atomic  weights,  so  that  a  multiple  of  the  atomic  weight 
of  hydrogen  couldi  without  introducing  an  important  error, 
be  substituted  for  that  found  for  other  bodies.  For  instance^ 
by  dividing  1861*61,  the  atomic  wsight  of  silveri  by  6*9894} 
the  atomic  Weight  of  hydrogen,  we  obtain  the  number  916f|, 
that  is  to  say}  the  atomic  weight  of  hydrogen  is  containao 
about  916*5  times  in  that  of  silver;  but'even  if  one-half  the 
atomic  weight  of  the  former  is  added  to,  or  subtracted  f^m^ 
that  of  a  compound  of  silver}  so  small  a  variation  is  made  in 
the  per-cetitage  of  that  metal}  that  in  many  oases  916  may  be 
taken  instead  of  916*5}  the  difference  only  afiectin^  the  fourth 
figure*  The  error  is  so  small,  because  the  atomic  weight  of 
hydrogen  is  itself  very  small.  An  entire  misconception  of  the 
nature  of  the  investigation  respecting  chemical  equivalents, 
has  led  some  chemists  to  permit  themselves  the  license  of 
adding  to,  or  retrenching  from}  their  results  so  much  as  the 
amount  of  one*half  or  one-fourth  of  an  equivalent  of  hydro* 

0}  seaing  that  it  altered  veipr  little  the  relation  of  the  num** 

rs  to  each  other,  provided  it  led  to  whole  numbersi  which 
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were  multiples  of  the  equivalent  of  hydrogen.  It  is  in  this 
manner  that  the  number  75  is  arrived  at  as  the  atomic  weight 
of  carbon^  Uiat  number  being  very  nearly  the  multiple  of  the 
atomic  weight  of  hydrogen^  by  the  whole  number  19. 

This  is  doubdess  an  unusual  mode  of  controlling  the  acca« 
racy  of  an  experiment,  yet  the  numbers  thus  modified  have 
been  admitted  by  many  chemists. 

The  fact  that  the  atomic  weights  of  simple  bodies  are  very 
nearly  the  multiples  of  tliat  of  hydrogen  by  whole  numbers, 
is  in  itself  nothing  remarkable;  there  are  other  numerical 
relations  of  this  kind,  which  appear  far  more  extraordinary, 
on  the  strength  of  which,  however,  no  one  would  think  of 
making  a  change  in  atomic  weights. 

Thus,  if  we  add  to  the  atomic  weight  of  potassium   489*92 
the  atomic  weight  of  lithium,  whicn  is 80*8S 

we  obtain  the  number 570*25 

and  tliis  divided  by  2,  fflves  285*12;  now  this  last  is  as  near 
the  atomic  weight  of  sodium,  which  In  chemical  properties  is 
a  link  between  the  two  former  bodies,  as  is  the  atomic  weight 
of  that  body  obtained  by  multiplying  that  of  hydrogen  by  a 
whole  number. 

Again,  the  sum  of  the  atomic  weights  of  barium  and  of 
calcium,  divided  by  2,  gives  very  nearly  that  of  strontium ; 
the  sum  of  tliose  of  chlorine  and  of  iodine,  divided  by  2,  gives 
nearly  that  of  bromine;  and  those  of  Iron  and  cobalt,  divided 
by  2,  give  that  of  manganese. 

There  are  evidently  nidden  connexions  in  these  numerical 
relations,  with  which  we  are  not  acquainted,  and  to  take  them 
as  criteria,  before  they  are  understood,  is  obviously  incon- 
sistent  with  the  true  spirit  of  philosophy;  the  same  must  be 
admitted  with  respect  to  the  hypothetical  atomic  weight  of 
carbon,  75,  for  the  correctness  of  which  as  yet  no  experience 
speaks.  The  early  determination  of  the  atomic  weight  of 
lead  by  Berzelius,  entirely  confirmed  as  it  is  by  his  later  ex- 
periments In  1830,  is  in  complete  contradiction  with  tlie  cor- 
rectness of  atomic  weights  as  multiples  of  that  of  hydrogen. 

His  memoir  on  that  subject  is  indeed  highly  important  in 
reference  to  our  own  Investigation,  and  should  not  be  for- 

f gotten  by  chemists.     The  following  Is  an  extract  verbatim 
rom  his  memoir*. 

^^  Further  experiments  on  the  Atomic  Weight  of  Lead  and  its 
Oxides. — ^The  reduction  of  a  metallic  oxide  by  means  of 
hydrogen  gas,  appears  so  simple  an  experiment  for  determi- 

*  JHigieBdorrs  Awedcih  B.  xix.  a  310^16. 
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ning  the  atomic  weight  of  a  metal,  that  it  might  be  supposed 
the  results  obtained  would  enable  us  to  settle  the  question^ 
whether  or  not  the  atomic  weight  of  a  metal  is  a  multiple  of 
that  of  hydrogen ;  but  the  nearer  we  approach  to  absolute 
accuracy,  the  greater  are  the  obstacles  we  have  to  overcome 
in  arriving  at  such  a  point.  Besides,  the  circumstance  that 
very  few  IxKiies  submitted  to  analysis  are  absolutely  free  from 
all  impurity,  ot  from  the  substances  from  the  compounds  of 
which  they  are  separated,  introduces  a  difficulty  which  is  often 
not  less  than  that  of  accurately  conducting  the  analysis  itself. 

<'  I  was  of  opinion  that  crystallized  nitrate  of  lead»  which 
is  ignited  in  a  platinum  crucible  until  the  nitric  acid  is  entirely 
decomposed,  would  give  perfecdy  pure  oxide  of  lead;  but 
when  this  oxide  is  reduced  by  means  of  hydrogen  gas,  and 
the  metallic  lead  dissolved  in  nitric  acid,  lead-coloured  scales, 
which  prove  to  be  metallic  platinum,  remain  behind.  It  is 
true  the  Quantity  of  this  residue  is  very  small,  but  if  the  result 
be  depenaed  upon  up  to  the  last  figure,  then  even  the  smallest 
impurity  should  be  avoided.  Crucibles  of  gold  and  of  silver 
were  also  employed,  but  these  are  oxidized,  and  combine  with 
the  oxide  of  lead,  even  when  the  salt  is  introduced  in  small 
quantities  into  the  crucible  previously  heated  to  redness; 
indeed  oxide  of  lead  thus  obtained,  is  impregnated  with  the 
foreign  metal  to  a  greater  extent  than  when  the  calcination 
takes  place  in  a  crucible  of  platinum. 

*^  This  induced  me  to  employ  carbonate  of  lead  prepared 
by  precipitation,  partly  from  the  acetate  and  partly  from  the 
nitrate  of  lead,  by  means  of  the  carbonate  of  soda ;  and  in 
order  to  avoid  all  admixture  of  the  carbonate  of  soda  with 
the  precipitate,  an  excess  of  the  salt  of  lead  was  employed ; 
but  notwithstanding  this  precaution,  and  the  perfect  washing 
of  the  precipitate,  the  atomic  weight  obtained  by  means  m 
reduction,  oscillated  in  both  cases  between  1303*5  and  1306*0; 
and  when  the  metallic  lead  was  heated  with  pure  water,  the 
latter  was  found  to  contain  carbonate  of  soda.  Carbonate  of 
ammonia,  employed  as  the  precipitant,  is  not  objectionable  on 
this  ground;  but,  partly  because,  if  special  care  be  not  taken,  it 
is  difficult  to  obtain  that  reagent  perfectly  free  from  all  traces 
of  the  hydrochlorate  and  of  the  sulphate  of  ammonia ;  and 
also  because,  during  the  calcmation,  the  hydrogen  of  the  am- 
monia  may  reduce  a  small  quantity  of  the  oxide  to  the  con- 
dition of  suboxide,  which,  though  not  perceptible,  nevertheless 
notably  alters  the  result. 

<*  By  the  following  method  I  think  I  succeeded  in  obtaining 
perfectly  pure  oxide  of  lead.  Nitrate  of  lead  is  heated  to 
redness  in  a  platinum  crucible,  until  nothing  but  oxide  of  lead 
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remains ;  this  is  rubbed  to  powder,  and  digested  in  water 
with  twice  its  weight  of  neutral  nitrate  of  lead  for  some  hours; 
the  liquid  is  then  poured  off.  The  oxide  is  by  this  means 
converted  into  the  basic  nitrate  (2  Pb  O  +  N  O5))  which  is 
dissolved  in  boiling  water,  the  solution  filtered  whilst  boiling 
hot,  and  then  allowed  to  cool,  when  fine  scaly  crystals  are 
deposited.  Theses  were  collected,  washed,  pressed  into  a 
consistent  mass,  and  dried.  The  mother  liquor  of  these 
crystals  contains  a  still  more  basic  salt,  which  precipitates 
on  mixing  it  with  a  solution  of  the  neutral  nitrate.  The 
liquid  decanted  at  the  commencement' of  the  process,  was 
therefore  treated  in  this  manner  in  these  experiments.  The 
last  precipitate,  which  is  pulverulent,  was  thrown  upon  a 
filter,  and  allowed  to  drain,  and,  whilst  yet  moist,  the  inside 
of  H  platinum  crucible  was  coated  with  it  to  the  extent  of  half 
a  line  fn  thickness.  This  coating,  when  dry,  adheres  strongly 
to  the  crucible.  Since  this  basic  salt  does  not  fuse  at  the 
temperature  required  completely  to  decompose  it,  there  is 
formed  in  this  way  a  quantity  of  oxide  of  lead,  which  it  is 
true  contains  platinum  when  in  contact  with  the  vessel,  but 
tlie  inner  portions  are  quite  free  from  that  metal.  In  the 
crucible  thus  lined,  the  basic  salt  is  laid  in  single  pieces,  so 
that  after  the  calcination  is  completed,  the  oxide  can  be  re^ 
moved  without  any  admixture  of  that  lining  the  vessel;  for  the 
crucible  containing  the  salt  is,  previous  to  the  calcination,  put 
into  a  larger  one,  having  a  cover,  and  the  whole  is  then  placed 
in  charcoal,  and  heated  to  redness,  at  which  temperature  the 
oxide  does  not  fuse.  It  is  very  easily  known  when  the  salt  is 
entirely  decomposed,  for  it  is  first  converted  into  minium^ 
which  appears  almost  black  when  red-hot;  the  smallest  par* 
tide  of  it  can  therefore  be  plainly  distinguished.  After  this 
change  is  completed,  the  heat  is  continued  for  a  full  halt 
hour,  and  then  the  crucible  is  removed.  The  oxide  thus  ob« 
tained  is  of  a  beautiful  lemon-yellow  colour,  and  it  does  not 
in  the  least  adhere  to  the  coating.  It  still  possesses  the  glis^ 
tening  appearance  of  the  decomposed  scaly  crystals.  It 
dissolves  in  dilute  acetic  acid  without  changing  the  colour  of 
that  liquid  in  the  smallest  degree,  or  leaving  any  residue^ 
which  proves  that  it  contains  no  minium.  The  solution^ 
moreover,  is  not  rendered  turbid  by  the  addition  of  nitrate  of 
silver. 

<<  When  this  oxide  was  dissolved  in  nitric  acid,  precipitated 
by  sulphuric  acid,  the  filtered  acidulous  liquid  concentrated, 
and  the  excess  of  sulphuric  acid  expelled,  sulphate  of  lead 
remained  behind,  from  which  water  did  not  extract  any  traces 
of  a  copper  salt,  and  it  was  neither  coloured  nor  rendered 
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turbid  by  caustic  ammonia.  The  lead  obtained  by  redudng 
this  oxide  by  means  of  hydrogen^  dissolved  in  nitric  addi  with- 
out leaving  any  residue.     The  oxide  is  therefore  pure. 

*<  The  oxide  in  masses,  not  in  powder,  is  introduced  into  a 
glass  bulb  blown  upon  a  barometer  tubei  and  in  this  it  is 
weighed.  In  order  to  expel  all  moisture,  the  bulb  was  heated 
over  a  spirit-lamp,  until  the  oxide  assumed  a  dark  orange  red 
colour,  and  a  stream  of  dry  air  was  then  passed  through  it^ 
after  which  it  was  allowed  to  cool.  The  oxide  regains  its 
lemon-yellow  colour  by  Uiis  treatment,  proving  that  no  mi- 
nium is  found,  for  which  indeed  the  temperature  is  not  suffi- 
ciently high.  The  oxide  prepared  in  this  manner  is  very  little 
hygroscopic,  so  that  18  to  14  grammes  contain  at  the  utmost 
from  1*5  to  8  millegr.  of  moisture. 

<*  The  hydrogen  gas  was  evolved  from  distilled  sine  and 
sulphuric  acid,  and  was,  previous  to  entering  the  bulb,  con- 
ducted through  a  solution  of  oxide  of  lead  in  caustic  potaas, 
and  also  through  a  tube  containing  coarsely  powdered  hydrate 
of  potassf  At  the  commencement  of  the  operation ^  and  until 
about  two-thirds  of  the  oxide  were  reduced,  the  temperature 
was  not  raised  so  high  as  to  make  the  bottom  of  the  bnlb  red- 
hot;  when  this  precaution  is  neglected  beyond  certain  limits, 
a  portion  of  the  oxide  of  lead  combines  with  the  glass,  and  is 
not  subsequently  reduced.  It  was  on  this  account  that  the 
oxide  was  introduced  in  masses,  which  onlv  touched  the  glass 
at  a  few  points ;  (Vee  access  between  the  pieces  was  moreover 
by  this  method  aflforded  to  the  hydrosen.  The  first  efltet  of 
the  hydrogen  gas  is  to  convert  tne  oxide  into  suboxide^  owing 
to  which  the  masses  become  of  a  dark  gray  colour;  their 
form  and  sise  are  not  otherwise  changed,  although  the  tempe- 
rature is  higher  than  is  required  for  their  fUsion,  supposing 
them  to  consist  of  metaliic  lead.  As  soon  as  the  glass  begins 
to  be  red-hot  at  the  bottom,  small  globules  of  lead  are  seen  to 
form,  and  the  whole  is  gradually  converted  into  fiised  metallic 
lead.  Of  the  portions  of  oxide  of  lead  which  were  afterwards 
analysed,  only  two  were  obtained  by  one  and  the  same  opera- 
tion ;  all  the  others  were  separately  prepared,  so  that  a  bult 
in  the  preparation  of  the  oxide  cannot  introduce  a  constant 
error  into  all  the  analyses;  this,  however,  might  easily  occur 
if  the  same  specimen  of  oxide  had  been  employed  in  all  the 
different  analyses. 
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6'6159 
8-0450 
19-1465 
141630 
14*4870 
14-6960 

e-1410 

7-4675 
lil-204d 
18-1600 
18-4480 
18-0770 

0-4745 
0-3775 
0-9420 
1-0180 
1-0890 
1-0480 

1294-202 
1293-074 
1295-695 
1298-222 
1294-815 
la84-946 

92'8275 
92-8222 
92-8846 
92-8224 
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92-8814 
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7-1778 
7-1654 
7-1776 
7-1779 
7'1686 

Mmui 

1294209 

92-8277 
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**  TheM  rosultSi  which  range  about  belwetn  1393  and  ]986| 

Spear  to  profo  that  the  atomio  weight  of  lead  lies  between 
Me  two  numbers.  The  mean  of  these  experiments  differs 
so  little  from  the  number  arrived  at  in  my  former  onesi 
namelyi  1394*469)  that  I  consider  it  unnecessary  to  alter  the 
latter, 

<<  If  the  atomic  weight  of  hydrogen  is  1S«5|  then  the  atomic 
weight  of  lead)  supposing  it  to  be  a  multiple  of  that  number, 
is  exactly  either  1287*A)  or  ISOO;  and  if  either  of  these  num- 
bers be  the  true  one,  it  appears  to  me  that  my  results  must 
have  oscillated  about  one  of  them;  instead  of  which)  they)  as 
we  see,  oscillate  about  a  number  which  lies  precisely  midway 
between  the  above-named." 

It  may  therefore  be  concludedi  that  the  fact  of  an  atomic 
number  oeing  a  multiple  of  the  equivalent  of  hydrogen  is  no 
proof  of  its  exactness. 

There  are  other  means  of  controlling  and  estimating  anew 
the  atomic  weight  of  carbon.  The  direct  method,  vii.  that 
of  burning  a  known  quantity  of  pure  carbon,  and  ascertaining 
the  quanuty  of  carbonic  acid  formed,  is  but  little  fitted  for 
the  solution  of  the  point  in  question,  since  a  complex  appara* 
tits  b  required  for  collecting  the  gas,  a  circumstance  which 
lessens  the  dependence  to  be  placed  in  such  determinations* 
If)  indeed,  it  be  remembered,  that  even  in  operating  on  several 
grammes  of  oarbon,  the  variations  generally  amount  to  from 
8  to  10  millegrammes,  it  will  be  evident  that  a  complex  appa* 
rattts  oflhrs  no  security  for  absolute  acouracyt  We  nave 
therefore  selected  a  different  method  i  an  ordinary  one)  it  is 
true,  but  which  has  been  hitherto  generally  acknowledged  to 
be  the  moet  certain  and  the  most  free  from  error  in  anuytical 
chemistry. 

We  can,  for  instance,  estimate  with  great  certainty  the 
atomio  weights  of  many  organic  compounds,  namely,  nu-- 
merotts  organic  acids^  by  detormimng  the  proportions  in  which 
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they  combine  with  oxide  of  silver,  or,  what  is  the  same  thing, 
with  metallic  silver.  These  organic  acids  contain  several 
atoms  of  carbon,  combined  with  oxygen  and  hydrogen  in  cer- 
tain proportions,  which  can  be  ascertained  with  great  facility. 
It  is  evident,  that  if  the  formulas  of  these  acids  are  known 
with  certainty,  we  obtain  the  sum  of  the  weights  of  the  atoms 
of  carbon,  by  subtracting  the  sum  of  the  atoms  of  oxygen 
and  hydrogen  which  they  contain  from  the  atomic  weights  of 
their  compounds,  as  accurately  determined  by  means  of  their 
silver  salts.  The  sum  of  the  atoms  of  carbon  thus  ascer- 
tained, must,  if  the  formerly  received  number  for  carbon  be 
correct,  be  a  multiple  of  it  by  a  whole  number,  or  it  must  in- 
dicate how  far  that  number  differs  from  the  true  one.  There 
is  no  substance,  the  atomic  weight  of  which  we  believe  to  be 
known  with  greater  certainty,  and  more  precisely  determined, 
than  that  of  silver ;  the  continued  and  important  applications 
of  it  by  Gay-Lussac,  in  his  assay  of  silver  in  the  wet  way ; 
indeed  we  may  say,  every  one  of  his  experiments  on  that  sub* 
ject  is  a  fresh  proof  of  its  correctness. 

With  respect  to  the  atomic  weight  of  hydrofi;en,  there  is 
strong  reason  for  thinking  it  to  be  rather  less  wan  was  for- 
merly supposed.  In  the  three  last  analyses  of  water  by  Ber- 
zelius  and  Dulong,  the  following  numbers  were  obtained : — 

1.  2.  S. 

Oxygen 88-94.2         88-809         88-954 

Hydrogen...     11-058         11-191         11-04.6 

100-OCO       100000       100-000 

Supposing  the  atomic  weight  of  hydrogen  to  be  6*2S98, 
then  the  limits  of  error  lie  between  the  numbers  6*d055  and 
6*2085.  The  difference  between  these  numbers  is  0*0970^ 
which  would  either  increase  the  atomic  weight  of  carbon  from 
76*487  to  76-5S4,  or  reduce  it  to  76*340.  If  we  take  die 
mean,  which  is  6*2398,  for  hydrogen,  then  the  limits  of  error 
in  the  determination  of  the  atom  of  carbon  fall  in  the  second 
decimal  place.  Such  variations  result,  as  we  know,  from  errors 
of  observation. 

The  method  which  we  have  selected,  enables  us  to  estimate 
the  atomic  weight  of  carbon  in  the  condition  in  which  it  is 
contained  in  organic  compounds;  and  it  requires  only  three 
weighings: — first,  that  of  the  vessel  in  wbk^  the  salt  is 
burned;  secondly^  that  of  the  silver  salt;  and,  thirdly,  that 
of  the  residual  silver.  In  these  three  weighings  no  apparatus 
is  changed,  and  they  take  place  in  one  and  the  same  porcdatn 
vessel,  of  which  the  weight  is  constant.    The  height  of  the 
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barometer  and  the  proportion  of  humidity  in  the  atmoBphere^ 
exert  no  influence  on  this*  experiment,  and  the  silver  which 
remains  behind  is  not  hydroscopic. 

The  only  precaution  in  these  experiments,  to  which  the 
greatest  attention  must  be  directed,  is,  of  course,  the  rigid 

Eurity  of  the  salt,  and  consequently  the  entire  absence  of  all 
ygroscopic  water. 
It  is  at  all  times  a  difficult  task  to  obtain  a  chemical  com- 
pound in  a  state  of  absolute  purity ;  to  do  this  in  our  experi-' 
ments,  was,  however,  very  important,  as  even  the  most  minute 
admixture  of  a  foreign  substance  must  increase  the  found 
weight  of  the  atom  of  carbon. 

We  were  soon  convinced  that  there  are  but  few  silver  salts 
available  in  determinations  of  this  kind ;  most  of  them  are  ob- 
tained in  the  form  of  caseous,  or  pulverulent  precipitates,  which 
enter  into  combination  with  a  part  of  the  precipitant.  The 
quantity  of  foreign  matter  which  adheres  to  these  precipitates 
is  so  small,  that  it  does  not  generally  render  the  estimations  of 
atomic  weights  incorrect,  but,  as  before  observed,  we  are  here 
obliged  to  avoid  every  source  of  fallacy.  We  selected  from 
those  silver  salts  which  are  perfectly  crystalline,  which  retain 
no  water  when  dried  at  the  ordinary  temperature,  which  are 
not  hygroscopic,  and  which  (and  this  is  a  character  of  great 
importance)  do  not  sputter  when  heated.  The  salts  em- 
ployed should  moreover  leave  behind  no  carburet  of  silver 
after  calcination. 

There  are,  as  stated  above,  but  few  silver  salts  which  are 
not  liable  to  one  or  other  of  these  sources  of  error. 

The  cyanide  of  silver,  for  instance,  is  easily  obtained  in  a 
pure  state,  by  precipitating  the  nitrate  of  that  metal  by  means 
of  hydrocyanic  acid ;  it  can  even  be  obtained  in  large  shining 
tables,  by  allowing  to  cool  slowly  a  hot  mixture  of  hydro- 
cyanic acid,  with  a  dilute  ammoniacal  solution  of  silver;  care- 
fully washing  the  crystals,  thus  obtained,  with  solution  of 
ammonia,  and  drying  them  at  120°  C.  By  the  latter  treat-* 
ment,  and  even  at  the  ordinary  temperature,  all  the  ammonia 
is  got  rid  of,  and  the  ci7stals  become  opake  milk-white,  with- 
out sufiTering  any  other  change;  they  are  nevertheless  in 
practice  not  fitted  to  be  employed  in  our  experiment,  for  they 
do  not  appear  to  be  entirely  decomposed  by  heat. 

When  the  cyanide  of  silver  is  first  heated,  it  melts  without 
evolving  any  gas ;  by  increasing  the  temperature  cyanogen  is 
given  ofi*,  and  a  basic  cyanide  is  formea ;  at  a  certain  point 
beyond  this,  flame  is  developed,  nitrogen  is  then  evolve^  the 
flame  being  at  the  same  time  as  it  were  extinguished;  and 
fiMd  carburet  of  silveri  of  a  dull  white  colour^  remains  be* 
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hind,  from  which  the  carbon  cumnot  be  expelltd  by  mbio* 
quonfc  calcination.  It  if  true,  the  dufbon  bern*  at  tbeaoHaee 
of  the  carburet,  leaving  a  stratttm  of  pure  mlferi  btti  tUt  pro* 
tects  the  inner  part  Irom  the  contact  of  oxygon  (  and  when 
thi»  residue  is  dissolved  in  dilute  nitric  ecid»  a  net-work  of 
pure  carbon  remains. 

The  behaviour  of  the  benzoate  of  silver  is  very  sillliler  to 
that  of  the  cyanide ;  it  is  easily  obtained  perfedtljf  pure,  in 
beautiful  shining  crystals,  which  ere  not  bygroseopie ;  when 
this  salt,  to  the  amount  of  7  to  19  grammes,  is  heeted,  it  mells 
and  is  decomposed ;  but  even  efter  being  kept  at  a  red  beet 
for  twelve  hours,  a  very  considerable  quantity  of  oerboil  is 
ibuod  in  the  residue  of  silver. 

The  oxalate  of  silver  appeared  at  first  to  be  the  most  eppli* 
cable  of  any  in  these  determinations,  but  it  is  alflMMt  ioipoe* 
sibla  to  obtain  it  anhydrous,  besides  wbich,  when  beeted  in 
lar^  masses,  it  deflMrates  in  the  same  manner  as  the  fiiiaii- 
natmg  mercury.  We  could,  it  is  true,  escertein  lis  oompo» 
siiion  by  decomposing  it,  by  means  of  hydroeblorte  ecid,  but 
we  consider  it  important  to  bring  no  tbreign  element  into 
these  determinations^  In  the  fotlowbig  eiqierimente,  tbe 
larcr/a/tf,  the  iartraf^^  the  raeemait^  and  tne  nmlai^  of  silver 
were  employed. 

Acetic  acid,  owing  to  its  volatiltty,  is  eaetly  obtained  quite 
pure.  We  prepared  it  by  decomposing  some  briOieritlv 
white  sugar  of  lead,  which  had  been  frequently  reervstellieed, 
in  the  usual  manner,  by  means  of  sulphuric  acid,  The  ecetic 
acid  thus  obteined,  which  wes  Anee  from  sulphurous  eekl,  wee 
once  more  rectified  over  binoxide  of  menganese  in  excess. 
The  pure  acid  was  then  partly  saturated  wMdi  emmoniei  end 
precipitaied  by  nitrate  of  silver  in  tiie  warm.  A  sbtninc 
while  prttcipitato  was  obtained,  possessuig  tbe  form  of  email 
Umm9»  having  a  silvery  luetre  i  this  wes  perfiMitly  weahed  on 
a  fiiurr,  dissolved  in  hot  water,  die  solution  filtered,  and  left  to 
cool  in  a  glass  vessel,  when  at  the  bottomt  ait  the  enrfiuse,  end 
on  the  skbs,  broad  shining  needles  of  aeetale  of  silver,  of  en 
inch  in  length,  were  fonmd  f  these  were  egein  wesiied  with 
pure  weler,  dried  in  the  air^  finelv  powdem  in  en  egale 
mortar,  and  exposed  to  a  stream  of  dry  air  et  IM^  C*,  mmA 
tlie  weight  remained  unaltered. 

In  eeoh  individual  analysis,  the  weighed  salt  wes  onee  more 
heated  in  a  wateiwbath  for  an  iiour,  and  then  allowed  to  eoei 
under  a  bell-glass  with  eoneentrated  sulphuric  ec|d|  eftsr 
which  it  was  uatn  weighed.  It  never  oecurred  in  our  oxpe* 
riments,  that  tne  weight  was  peraep^y  alleeed  by  this  tmeU 
ment;  this  precaution  was  nevertheless  uniformly  edopted. 
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The  weighings  as  well  as  the  burnings  were  conducted  in 
a  thin  crucible  of  Meissner  porcelain^  which  was  covered  by 
a  platinum  lid.  All  our  experiments  were  fortunately  per- 
formed with  the  same  crucible,  the  weight  of  which  therefore 
was  controlled  whenever  weighings  were  made. 

The  calcination  of  the  acetate  of  silver  proceeds  very 
easily^  without  either  swelling  up  or  spirting.  The  salt  at 
first  becomes  gray,  and,  on  cautiously  heating  acetic  acidt 
distils  oflP,  and  then  the  salt  assumes  a  brown  colour;  at 
lengthy  when  the  odour  of  the  acid  is  no  longer  observable, 
there  remains  a  gray  skeleton  of  silver,  which  retains  the  form 
of  the  salt  burnt  If  the  heat  be  now  increased,  and  the  lid 
raised,  so  as  to  admit  a  current  of  air,  a  visible  glowing  is 
observed  throughout  the  whole  mass,  and  there  remains  a 
apongy  mass  of  shining  white  metallic  silver. 

After  cooling  the  crucible  with  the  silver  is  weighed,  heated 
to  redness  anew,  weighed  again,  and  so  on,  until  not  the 
slightest  change  of  weight  is  exhibited.  The  absence  of  car- 
buret of  silver  was  always  particularly  demonstrated  by  dis-» 
solving  the  silver  in  dilute  nitric  acid. 

The  weighings  were  effected  with  a  balancci  which  Indi- 
cated quite  distinctly  half  a  millegramme,  even  when  loaded 
with  20  grammes.  The  weights  (made  by  Oerthhig  of  Berlin) 
were  carefully  compared  previously  to  ecnployment,  and  were 
found  to  exhibit  no  appreciable  variation  in  their  subdivisions. 
Lasdy,  we  adopted  the  precaution  of  conducting  one-half  of 
Uie  experiments  with  newly  prepared  salt,  by  which  means 
the  fact,  that  the  numbers  yielded  by  salts  prepared  by  dif«< 
ferent  operations  agree,  is  rendered  very  obvious. 

The  tartrate  of  silver  is  not  easily  otitained  in  a  crystalline 
form.  When  the  nitrate  of  silver  is  precipitated  in  the  cold 
by  a  solution  of  pure  Rochelle  salt,  from  which,  by  the  addi< 
turn  of  a  little  nitric  add,  the  weak  alkaline  reaction  which  it 
generally  possesses  has  been  removed,  a  caseous  and  not  a 
crystalline  preeipftate  is  formed.  On  the  other  hand,  if  the 
precipitation  is  effected  by  mixing  boiling  hot  and  dilute  solu* 
tions,  the  liquid  becomes  brownish,  but  not  turbid,  and  on 
cooling,  metallic  silver  in  brown  laminas  faUs  down*  Again, 
when  a  dilute  solution  of  nitrate  of  silver  is  heated  to  from 
80''  to  85^  C,  and  to  this  a  hot  concentrated  solution  of  the 
tartrate  of  potess  and  soda  is  added,  a  precipitate  falls,  which, 
by  agitating,  at  first  disappears ;  if  the  addition  of  the  tartrate 
of  ppcass  end  soda  be  discontinued  as  soon  as  the  precipitate 
is  permanent,  and  is  not  redissolved,  fine  scales  of  the  tartrate 
of  silver  separate  on  cooling,  which,  after  being  well  washed 
and  dried)  are  very  white,  and  have  a  metallic  lustre^  resem- 
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bling  that  ofpolisheil  silver.     In  this  process  the  liquid  must 
always  contain  a  slight  excess  of  the  nitrate  of  silver. 

The  pure  tartrate  of  silver  was  dried,  and  its  silver  deter- 
mined  by  means  of  calcination,  observing  the  same  rales  of 
precaution  as  in  the  case  of  the  acetate.  By  gently  beating 
the  salt  pyrotartaric  and  carbonic  acids  distil  ofi^  and  there 
remains,  without  spirting  or  swelling,  a  spongy  mass  of  bright 
metallic  silver,  which,  when  washed  with  water,  yield  to  it 
no  trace  of  alkali.  Of  four  determinations  which  we  made, 
two  were  with  salts  prepared  by  different  operations;  that  em- 
ployed  in  the  fifth,  was  prepared  with  very  special  care  by  a 
gentleman  in  the  laboratory  at  Giessen,  in  the  coarse  of  his 
investigation  on  the  constitution  of  organic  acids,  and  with  a 
view  to  discover,  if  possible,  some  difference  between  the 
atomic  weights  of  the  tartaric  and  racemic  acids.  For  the 
preparation  of  the  racemate  of  silver,  very  pure  racemic  acid 
was  half  neutiralized  by  ammonia,  the  resulting  sparingly 
soluble  acidulous  salt  was  washed  with  water,  redissolved  in 
water  containing  ammonia,  and  again  thrown  down  by  means 
of  nitric  acid.  The  acid  racemate  of  ammonia  thus  obtained 
was  brilliantly  white,  and  perfectly  pure.  This  was  employed 
in  the  preparation  of  cirstaliized  racemate  of  silver,  exactly  in 
the  manner  described  for  the  tartrate  of  that  metal.  These 
two  salts  do  not  differ  from  one  another  in  appearance,  but 
the  racemate  is  less  soluble  in  hot  water  than  the  tartrate. 

We  prepared  the  malate  of  silver  by  means  of  the  acid 
malate  of  lime,  and  nitrate  of  silver.  The  acid  malate  of  lime 
is,  by  virtue  of  its  very  unequal  solubility  in  hot  and  cold 
water,  easily  obtained  perfectly  pure.  Nitrate  of  silver  is 
mixed  with  a  warm  solution  of  this  acid  malate,  when  imme- 
diately a  granular  crystalline,  very  heavy  precipitate  &lls. 
Since,  after  frequently  washing  this  silver  salt  with  water,  the 
fluid  still  contained  traces  of  lime,  the  whole  precipitate  was 
dissolved  in  dilute  nitric  acid,  and  to  this  solution  ammonia 
was  added  drop  by  drop,  taking  care  that  free  acid  should 
always  be  present  in  excess.  The  malate  of  silver  is  in  this 
case  free  from  lime  and  ammonia,  and  is,  after  continued 
washing,  quite  pure. 

The  malate  of  silver  is  decomposed  when  heated ;  it  fuses, 
at  the  same  time  evolving  fumaric  acid,  carbonic  acid,  and 
water,  and  there  remains  behind  a  porous  cake  of  silver, 
which  is  free  from  carbon. 

The  following  are  the  results  of  our  experiments,  repre- 
sented in  a  tabular  form. 
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Not. 


Weight  of 
the  Salt  In 


Wdgbtof 
Silver  in 
Orammet. 


In  100  Parti. 


fltiMr.    Oxide  of 
*"^^'     SUver. 


Atomic 
Weight  of 
the  Salt. 


Sum  of 

Four 

Atoms  of 

Carbon. 


Atom  of 
Carbon, 


ACBTATB  or   SlLVEft. 


4-8735 
7-5870 
6-4520 
5-7905 
4-1000 


28-803 


31490 
4-9030 
4-6950 
4-7415 
2*6490 


18*612 


64*615 
64-624 
64-623 
64-614 
64-610 


64-618 


69-402 
69-405 


69-390 


30-604 
30-598 
30-595 
30*605 
30-610 


30-601 


2091-790 
2091-504 
2091-511 
2091-804 
2091*951 


2091-680 


302-745 
302-458 
302-465 
302-758 
302-905 


302-634 


75*686 
75-615 
75-616 
75-689 
75-726 


75-658 


Taktbatb  or  Silvek. 


3-8400 
2-7697 
3-2356 
6-4217 
0-9630 


16-220 


2-2770 
1-6365 
1-9183 
3-2147 
0-5710 


9*6175 


59-297 
59-299 
59-287 
59-293 
59*293 


59-294 


63*684 


63-674 
63-682 
63-681 


63-682 


36316 
36-312 
36-326 
36-318 
36-319 


36-318 


2279-390 
2279-270 
2279*751 
2279-530 
2279-505 


2279-491 


302-824 
302-704 
303-185 
302-964 
302-939 


302-925 


75-676 
75-799 
75-741 
75-735 


75-731 


Racxmatb  or  Siltbb« 


5-2640 


4-6730 
1-6320 
6-5976 


3-1210 
5*4945 
2-7705 
0*9675 
3-9113 


59-290 
59-292 
59-287 
59-283 
59-284 


63-676 
63-679 
63*674 
63*670 
63-671 


36  324 
36-321 
36-326 
36-330 
36-329 


2279-6701 303-104 


2279-561 
2279-751 


2279-920  303*354 


2279-890 


302-994 
303-184 


303-325 


75-776 
75-749 
75-796 
75-838 
75-831 


27*4334 


16-2648 


59*287 


63*675 


36-325 


2279-711 


304145 


75-786 


MaIATB  or   SiLYBE. 


6-8730 
4*2635 
4*4305 
5*6490 
4*6820 


25-898 


4-2610 
2-6440 
2-7495 
3-5030 
2-9015 


16-059 


61-996 
62-015 
62-059 
62-011 
61-972 


62-009 


66-583 
66-604 
66*651 
66-599 
66*557 


66-597 


33*417 
33-396 
33-349 
33*301 
33-443 


33*403 


2180-141 


2179-490  302-924 


2177-951 
2179-621 
2181-011 


2179-707 


303-575 


301-385 
303-054 
304-444 


303-141 


75-894 
75-731 
75-346 
75-764 
76-111 


75-785 


It  will  be  observed  on  first  sight,  with  respect  to  the  pro- 
portion of  oxide  and  of  acid  in  each  particular  salt,  that  our 
results  yield  the  same  number  up  to  the  third,  and  in  many 
cases  to  the  fourth  figure ;  and,  in  our  opinion,  a  better  selec- 
tion of  salts  could  scarcely  be  made  than  that  which  was 
adopted,  for  the  proportion  of  oxygen  in  these  four  salts  is 
just  as  unequal  as  that  of  the  hydrogen ;  hence  if  an  error 
had  been  occasioned  by  the  hydrogen,  it  could  not  possibly 
escape  observation. 

In  the  acetic^  malic^  racemic^  and  tartaric  acids,  the  oxygen 
is  as  the  numbers  3,  4,  .5,  and  the  hydrogen  as  4 : 6. 
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With  such  coincidence  as  is  exhibited  in  our  analyses^  the 
existence  of  any  foreign  admixture  in  these  salts,  which  could 
have  increased  the  atomic  weight  of  carbon,  cannot  be  sup- 
posed. We  have,  however,  stul  another  direct  proof  of  their 
correctness,  viz.  in  the  results  which  Berzelius  obtained  in  his 
analyses  of  the  tartrate,  and  of  the  racemate  of  lead.  These 
were  as  follows: — 


Tartrate  of  Lead. 

Not. 

Salt 

Oxide  of  LMd. 

InlOOPferta. 

Oxide  of  Lead. 

Add. 

1. 

2 
3. 
4. 

2-000 
2-000 
2000 

2-8873 

1-25449 
1-25434 
1-25522 

1-81212 

62-7245 
62-7170 
62-7610 
62-7618 

37-2755 
37-2830 
37-2390 

37-2382 

Mean 

8-8873 

5-57617 

62-7431 

37-2569 

Nm. 

Atonk  Weight 
of  Salt. 

Sum  or  Four 
Atom  of  Carbon. 

Atomic  Weight 
ofCaibon. 

1. 

2. 
3, 

4. 

2223-191 
2223-460 
2221-904 
2221-871 

303-743 
304012 
302-456  . 
302-423 

75-936 
76-003 
75614 
76-606 

Mean 

2222-531 

303082 

75-771 

Racemate  of  Lead. 

(Mean  of  several  eaperiments.) 

2*000  of  the  salt  gave  1*2550  oxide  of  lead,  from  which  we 

obtain  2222*290  as  the  atomic  weight  of  the  salt,  S02-842  as 

the  sum  of  the  four  atoms  of  carbon,  and  75*71 1  as  the  atomic 

weight  of  carbon. 

The  results  of  our  analyses  of  the  acetates,  tartrates,  race- 
mates,  and  malates  of  silver,  give  as  the  mean  of  five  experi- 
ments with  each,  the  following  proportions : — 


' 

Salt. 

Silver. 

of  the  Salt. 

ofCailwa. 

Acetate  of  silver  .  . 

Tartrate 

Racemate  ...... 

Malate 

28-803 
16-220 
27-4334 
25-898 

18-612 
9-6175 
16-2648 
16-0590 

2091-680 
2279-491 
2279-711 
2179-707 

75-658 
75-731 
75-786 
75-785 
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If  we  compare  our  experiments  separately  with  one  another, 
that  is  to  say,  the  atomic  weight  of  carbon  as  deduced  from 
the  one  salt,  with  that  from  the  others,  we  observe  that  the 
numbers  obtained  in  the  analyses  of  the  same  salt,  agree  more 
perfecdy  with  one  another,  than  do  the  mean  numbers  result- 
mg  from  the  analyses  of  the  different  silver  salts. 

If  the  experiments  themselves  be  assumed  to  be  perfectly 
exact,  this  discrepancy  must,  from  the  very  nature  of  things, 
result  from  some  cause.  This  cause  can  be  no  other  than  the 
difference  between  the  specific  gravities  of  the  different  salts. 
They  were  weighed,  not  in  vacuoy  but  in  air,  and  in  the  pro- 
portion of  their  unequal  densities,  they  must  displace  unequal 
volumes  of  air.  All  these  salts  in  the  above  weighings  must 
lose  weight,  and  those  which  are  specifically  lighter  more 
than  the  specifically  heavier  salts.  Dr.  Clark,  at  tne  meeting 
of  the  British  Association  held  at  Birmingham  in  1839,  called 
attention  to  the  influence  which  these  relations  exert  on  deter* 
mtnations  by  weight,  and  corrected  the  experiments  of  Berze« 
lius  accordingly.  It  is  clear,  that  in  weighing  of  from  one 
to  two  grammes  of  substance,  these  differences  wilt  not  affect 
the  relation  of  numbers,  but  when  20  or  more  grammes  are 
weighed,  the  correction  ought  not  to  be  neglect^. 

Such  a  correction  mast  result  from  a  knowledge  of  the  spe- 
cific gravities  of  salts.  We  determined  those  of  the  four 
salts  analysed  by  us,  by  taking  a  known  weight  of  the  salt  in 
a  saturated  solution,  and  comparing  the  specific  gravity  of 
this  liquid  with  that  of  pure  water. 

3*1281  gr.  acetate  of  silver  displaced  I  gr.  =  1  c.c.  water 
at  15^  C.  But  1  c.  c.  of  air  at  that  temperature  weighs 
0-00123  gr.  (log.  0*0905137—2);  ^8*800  gr.  acetate  of  silver 
displaces  therefore  0*01 13  gr.  atmospheric  air.  These  28*803 
gr.  of  salt  weigh  conseauently  28*814  gr.,  but  the  weight  was 
estimated  by  means  ot  a  brass  weight  of  28*803  gr.,  which 
having  the  sp.  gr.  7*8,  displaced  0*00455  gr.  of  air;  that  is  to 
say,  it  lost  that  weight  in  air. 

The  above  28*814  gr.  of  acetate  of  silver,  weighed  therefore 
28*8098  gr.,  and  the  18*612  gr.  of  metallic  silver  which  remains 
behind  alter  the  calcination  weighed  only  18*6113  grammes. 

According  to  these  corrections,  28*8098  gr.  of  the  silver 
salt^  yield  18*6113  gr.  of  metallic  silver. 

If  we  correct  in  tnis  manner  the  atomic  weights  of  the  tar- 
trate, racemate,  and  malate  of  silver,  the  specific  gravities  of 
which  are  in  vacuo^  respectively  =  3*4321,  3*7752,  and  4*0016, 
we  obtain  the  following  results:— 

Q8 
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Acetate  of  silver . , 
Tartrate  of  silver  . 
Racemate  of  silver 
Malate  of  silver.  • . 

Salt. 

Silver. 

AtomorOufoQii. 

28-8098 
16-223 
27-438 
25-9019 

18-6113 

9-6171 

16-2641 

16-0596 

Ditfareiioefrou 

75-804  -  0*0^*' 
75-861  +  0-007 
75-908  +  0-054 
75-843-0011 

Mean  atomic  weight  of  Carbon  75-854 

The  discrepancies  in  the  atomic  numbers  for  carbon  lie 
therefore  in  the  fourth  figure,  or,  what  is  the  same  thing,  in 
the  second  decimal  place.  The  atomic  weight  of  carbon  Is 
therefore  75*854. 

If  we  multiply  the  atomic  weight  of  carbon  as  here  given, 
viz.  75*854,  by  1*1026,  the  specific  gravity  of  oxygen,  we  ob- 
tain as  the  hypothetical  weight  of  a  volume  of  carbon  vapour 
0*83636 ;  and  if  to  this  we  add  2*20520,  the  wdght  of  2 
volumes  of  oxygen,  and  divide  the  sum  of  these  by  2,  we 
obtain  the  number  1*521  for  the  specific  gravity  of  carbonic 
acid. 

The  numbers  which  have  been  found  for  the  specific  gra- 
vity of  carbonic  acid,  by  means  of  the  direct  weigning  of  the 
gas,  are — 

Sp.gr.  of catb.  acid.    CalcnUted  at.  weight. 

By  Biot  and  Arago 1*519  75*530 

By  Berzelius  and  Dulong  •  .  •  «     1*524  76*437 

Calculated  from  our  own  analyses    1*521  75*854 

We  consider  it  as  a  further  proof  of  the  correctness  of  the 
atomic  weight  of  carbon  as  determined  by  us,  that  our  result 
lies  intermediate  between  those  of  the  observations  of  four 
such  distinguished  experimenters;  and  indeed  all  doubt  must 
be  dissipated,  when  we  reflect  that  with  our  number  the  difier- 
ences  observed  in  organic  analyses  are  legitimately  accounted 
for*. 

•  Extract  of  a  letter  from  Berzelius  to  Professor  Wohler:-— 

"April  2,  1841. 

<*  Baron  Wrede  is  engaged  with  experiments  in  reference  to  the  specific 
gravity  of  gases.  He  has  devised  peculiar  methods  of  obtaining  a  balloon  of 
gas  in  a  pure  state,  which  supersede  those  employed  bv  Oulong  and  myaelf. 
The  weights  of  carbonic  acid  gas,  as  hitherto  determined  by  him,  nearly  f^ree 
with  those  of  Dulong  and  myself.  He  has  found,  however,  that  the  spe- 
cific gravity  of  that  gas  is  not  the  same  under  uneaual  pressures,  but  that 
it  diminishes  with  the  decreased  pressure  until  one-tnird  of  an  atmosphere; 
below  thid  point  it  is  constant.    Its  specific  gravity  at  the  ordinary  pressure 


Digitized 


by  Google 


[    229    ] 

XXXII.  A  Mm  Method  of  Investigating  the  Resistance  of  the 
Air  to  an  Oscillating  Sphere.  By  the  Rev,  J.  ChalliSi 
M.A.y  Plumian  Professor  of  Astronomy  and  Experimental 
Philosophy  in  the  University  of  Cambridge^, 

T  SHOULD  have  been  unwilling  to  advert  again  to  the 
^  subject  of  discussion  between  Mr.  Airy  and  myself,  unless 
it  had  appeared  to  me,  after  reading^  Mr.  Airy's  Reply  in  the 
August  Number  (p.  143),  that  something  may  yet  be  said  in  elu« 
cidation  of  this  confessedly  di£Scult  question.  Mr.  Airy  may  feel 
assured  that  I  have  no  fault  to  find  with  the  manner  in  which 
he  supports  his  own  views,  and  that  equally  with  him  I  am 
persuaded  of  the  necessity  of  adhering  to  strictly  legitimate 
principles  in  treating  questions  of  this  nature.  By  placing  my 
reasoning  under  another  point  of  view,  I  hope  to  show  that  it 
is  not  defective  in  this  respect. 

But  first  I  must  remark,  that  the  argument  by  which  Mr. 
Airy  concludes  that  Poisson's  solution .  is  possible  and  mine 
impossible,  is  nothing  to  the  purpose.  I  was  fully  aware  that 
my  solution  would  not  satisfy  the  equation  b}'  which  Mr.  Airy 
has  tried  it;  and  it  was  scarcely  necessary  to  prove  that  an 
integral  obtained  by  so  experienced  a  mathematician  as  Poisson 
satisfied  the  equation  from  which  it  was  derived.  The  ques- 
tion reaUy  at  issue  is,  whether  that  equation,  without  any  li« 
mitation  annexed,  is  the  one  which  the  conditions  of  the  pro« 
blem  require.  The  reasoning  I  am  about  to  adduce  will,  I 
think,  prove  that  it  is  not,  and  at  the  same  time  will  be  an  an-* 
swer  to  all  that  Mr,  Airy  has  said  in  the  latter  part  of  his 
Reply. 

The  following  general  proposition  will  be  necessary  for  my 
purpose : — 

Ifiibe  a  factor  which  makes  udx  +  vdy  +  wdz  an  ex* 
act  differential^  then  will 

V{udx  +  vdy  +  wdz)  s=0 

be  the  differential  equation  of  a  surface  which  ads  at  right  an- 
gles the  directions  of  the  motion  of  the  particles  throu^  which 
it  passes.  -• 

The  proof  that  follows  is  taken  from  that  which  Mr.  Eani- 

b  therefore  somewhat  too  high,  and  it  contains  more  than  one  volume  of 
oxygen ;  thus  it  is  ciear^  that  the  atomic  weight  of  carbon,  as  calculated 
from  this,  is  also  too  high.  That,  calculated  from  his  specific  gravity,  at 
the  pressure  of  one-third  of  an  atmosphere,  is  75*7*  He  has  as  yet,  however, 
only  made  three  weighings,  which  he  considers  as  little  more  than  intro- 
ductory  experiments  of  practice.  I  shall  be  present  tomorrow  at  the 
fourth  detemunation." 
•  Communicated  by  the  Author. 


Digitized 


by  Google 


2S0  The  Rev.  J.  Challis  &n  a  fiM  Method  of  Investigating 

shaw  has  given  of  a  very  similar  proposition  in  a  memoir  on 
Fluid  Motion,  contained  in  the  Cambridge  Philosophical 
Transactions  (vol.  vi.  part  ii.  p.  204-). 

Let  u,  Vf  w  be  the  resolved  parts  in  the  directions  of  the 
axes  of  rectangular  coordinates,  of  the  velocity  V  at  a  point 
of  the  surface  wnose  coordinates  are  x^jf^  z;  and  let  x  +  dx^ 
y  +  dy^  z  -\-  dz  h^  the  coordinates  of  another  point  of  the 
surface  distant  by  df  s  from  the  former.  Let  the  line  ds  join- 
ing the  two  points  make  angles  «,  /3,  y  with  the  axes  of  coor- 
dinates, and  let  the  direction  of  the  velocity  V  at  the  point 
xyz  make  the  angles  a',  /S',  y  with  the  same  axes.    Then 

0  a=  'S{udx  +  vdy  +  wdz) 

=  N  V  d  5  (cos  a  cos  a'  +  cos  j3  cos  /3'  +  cos  y  cos  yO« 
Consequently,  as  the  factors  without  the  brackets  do  not 
vanish,  the  quantity  within  the  brackets,  which  is  the  cosine 
of  the  angle  that  the  direction  of  motion  makes  with  a  tangent 
to  the  surface,  must  be  equal  to  zero.  Hence  the  motion  is 
in  the  direction  of  a  normal  to  the  surface* 

As  the  differential  equation  U  (udx'\-vdy -{-wdz)  :s:Of 
may  contain  the  time  t  in  any  manner,  its  integral  will  be  of 
the  form  F  (;r,  y^  s,  /)  =3  ^  (t);  or,  differently  expressed^ 
/  (^,  y,  Zf  t)  =  0.  For  the  sake  of  brevity  I  will  call  the  sur- 
faces given  by  this  eauation  surfaces  of  displacetnent*  In  any 
proposed  instance  ot  motion  there  will  be  an  unlimited  num- 
ber of  such  surfaces,  each  of  which  will  in  general  be  conti- 
nually varying  its  form  and  position,  as  well  by  the  change  of 
/  as  by  the  change  of  form  of  the  function^ depending  on  the 
arbitrary  circumstances  of  the  motion.  It  will  be  a  restricted 
case,  but  sufficient  for  our  purpose,  to  consider  the  change  of 
a  given  surface  of  displacement  to  depend  only  on  the  change 
ofts  the  function  /  retaining  its  form.  Then  the  coordinates 
of  the  particle  which  at  the  time  t  were  or,  y,  z,  will  at  the 
time  t  +  dthe  x  -h  udt^y-^-vdtyZ  +  ^todt.  Consequently, 
as  these  are  coordinates  of  the  surface  of  displacement  in  its 
new  pOsition, 

f[x  +  udt^  y  +  vdt,  z  +  liodtf  t  +  dt)  =0. 

Hence  taking  the  letter  jT  to  represent  ^(jr,^,  »,  /),  we  shall 
have 

/+  ^udt  +  ^vdt  +  ^isidt^  y^dt  =  0. 
^       dx  dy  *   d  z  dt 

But 

•^  dx  dy  de 
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Hence 

This  determination  of  the  arbitrary  factor  N  is  the  analy- 
tical proof  that  the  assumed  kind  of  motion  is  possible. 

Let  us  suppose^  for  example^  that  the  surface  of  displace-i 
ment  is  a  spherical  surface,  whose  equation  is 

(a?  -  «)«  +  (y  -  b)*  +  (r  -  c)^  =  RS 

R  being  its  radius,  and  a,  6,  c  the  coordinates  of  its  centre. 
And  first,  let  a,  &,  c  be  constant,  and  R  be  a  function  of  the 
time.    Then 

at  at 

2  R 
Hence  N  =  -v^,  and  consequently  N  is  a  function  of  the 

time. 

'  Next  let  a,  b  and  R  be  constant,  and  c  variable.  This 
is  to  suppose  that  the  surface  of  displacement  is  a  spherical 
surface  of  given  radius,  the  centre  of  which  is  moving  parallel 
to  the  axis  of  2r.     For  this  case  we  have 

^=-2f.-.rf^.  andV  =  ^^^=^    — 

dt      ^^^    ""ur^^^^      R    -rfr 

2R« 


Hence  N  = 


The  supposed  surface  of  displacement  being  thus  shown  to 
be  possible,  it  necessarily  follows,  that  if  a  smooth  solid  sphere 
move  rectilinearly  in  the  fluid,  its  surface  coincides  with  a 
surface  of  displacement.  Here  then  we  have  the  case  of  the 
oscillating  sphere,  and  as  z  —  c  occurs  in  the  expression  for 
N,  we  have  come  to  the  important  conclusion  that  udx 
+  V  (2^  +  w  £?  J9r  is  not  an  exact  differential  in  this  instance^ 
when  the  variation  of  the  coordinates  is  from  one  point  to  an- 
other of  the  surface  of  the  sphere^  and  therefore  not  an  exact 
differential  for  every  variation  of  the  coordinates.     It  becomes 

R 
so  when  multiplied  by  -;,  if  R  be  supposed  to  vary  with 

x^  yy  z. 

Let  us,  therefore,  suppose  in  general  that 

N(tidar  -♦-  vdy  +  "mdz)  =  d^. 
Then 

I      d^  \      d^  \      d^ 
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Hence  by  substituting  these  values  ofu,  v,  and  w  in  the  equar 
tions  (a),  {b)j  (t*),  given  in  page  64  of  the  July  Number,  viz. 

dF      ,du      ^      dV  ^   .dv      ^      dP.rfw      ^ 
dx        dt  dy  dt  dz  dt 

and  neglecting  quantities  such  as  -t-t  X  ^9  which  will  be  of 

the  order  of  the  square  of  the  velocity,  it  will  be  found  that 
rfP  .    A      d^      ^ 

Tt-^N'dT^^' 

Hence  from  the  equation 

dP      du     dv     dto 

IJ'^dx'^Tif^dli^^' 
it  follows  (since  kc?^  1)  that 

_a^      rdN     rf^.  d^     rf*      dN     rf*n^ 
N    *    L^^  *  rf^       dtf  *  dy      dz  *  dzj' 
Let  us  now  transform  this  equation  into  one  of  polar  coor- 
dinates r,  9,  1},  the  angle  6  being  that  which  the  radius  vector 
r  makes  with  the  axis  of  z^  and  n  that  which  the  plane  of  these 
two  lines  makes  with  a  vertical  plane.    And,  guided  by  the 

foregoing  result,  let  us  assume  the  factor  N  to  be  ,  or 

z  ■■"  c 

— ^.    By  the  usual  rules  of  transformation  I  find  that 

cosfl        ^ 


d«.r*        2 

[e?.r^           \             d%   J          d^.rcp 

dfi 

Idr^     '        r^siuSflrfJ         '  i^sin««dii« 

}• 


an  equation  differing  from  Poisson's  in  havins  sin  2  0  in  the 
place  of  sin  6  in  the  second  term  of  the  right-hand  side,  and 
also  in  the  signification  of  ^.  This  equation,  applied  to  the 
instance  of  the  oscillating  sphere,  remains  the  same  (small 
quantities  being  neglected)  if  the  origin  of  the  polar  coordi- 
nates be  the  centre  of  the  sphere,  llie  resolvea  parts  of  the 
velocity  in  the  directions  of  the  three  rectangular  axes  being 

d^        A  d  ^        .  rf  A        . 

-j^  cos  fl,  -J—  cos  J,  -j^  cos  0, 

dx        ^  rfy  dz         ^ 

the  velocity  in  the  direction  of  r  will  be  ^  cos  0.     Now  the 
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conditions  of  the  proposed  problem  require  that  when  R  is 
substituted  for  r  in  j^,  the  equation 
dtb       A      dc       . 

^  cos  fl  =  :rj  cos  i 

dr  dt 

should  be  true,  whatever  be  9  and  ij.     Hence  it  follows  that 

4  is  a  function  of  r  and  t  only,  and  that   j^  =  0,   -^  =:  0, 

The  above  equation  consequently  becomes 
d^.  r^  _    3    <P«r  4> 

according  with  what  precedes  both  in  giving  for  ^  a  function 
of  r  and  t  only,  and  in  making  sec  i(udx  +  vdy  '\'  *mdz) 
an  exact  differential.     Hence  Uie  value  of  the  factor  N  has 

been  correctly  assumed.    Since  ^^  =  0,  and  -^  =  0,    the 

velocity  is  wholly  in  the  direction  of  r,  and  V  s  -^  cos  i. 
But  by  integration,  r  $  =s/(*r  —  a  /)•     Hence 

This  is  the  value  of  V  which  I  am  contending  for,  and  from  it 
the  result  I  originally  obtained  respecting  the  resistance  of 
the  air  to  an  oscillating  sphere  necessarily  follows. 

All  the  above  reasoning,  excepting  the  introduction  of  the 
factor  N,  is  according  to  the  principles  of  the  method  adopted 
by  Poisson.  The  sole  reason  of  the  difference  of  result  is, 
that  Poisson  has  argued  tLsMudx-^-vdy-^wdz  were  an 
exact  differential  in  an  instance,  where,  if  mjr  reasoning  be 
good,  that  quantity  is  not  an  exact  differential  unless  it  be 
multiplied  by  a  factor. 

The  investigation  I  have  now  gone  through  is  in  perfect 
agreement  with  the  principles  I  advocated  in  my  communica- 
tion to  the  June  Number  of  this  Journal  (S.  S.  vol.  xviii.  p.  477), 
and  may  serve  to  place  in  a  clear  light  the  position  I  have 
there  maintained,  viz.  that  uda  -{-  vdy  -i-  wdz  cannot  in 
general  be  an  exact  differential  unless  the  variation  of  the  co- 
ordinates at  a  given  instant  be  in  the  direction  of  a  normal  to 
a  surface  of  displacement  This  limitation  is  equivalent  to  the 
introduction  of  the  factor  N. 

Being  aware  that  I  am  arguing  for  a  principle, which,  if  true, 
must  have  a  very  important  bearing  in  the  treatment  of  hydro- 
dynamical  problems,  I  feel  it  incumbent  on  me  to  support  my 
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views  by  an  accumulation  of  evidence,  and  will  therefore  add 
another  argument.  The  equations  (a),  (b),  (c),  Quoted  above, 
are  accurately  true  if  the  complete  difierential  coefficients 

(^),  (^),  (^)  be  substituted  for  the  parUal  differ- 
ential coefficients  ^,  ^,  -gj,  and  become  by  this  substi- 
tution 

Hence  at  the  same  time  that  j— rfo?  +-j-  dy  +  ^r-  ^2  is  an 

ax  ay    *^      az 

exact  differential,  (^)rfa?+  {j^^  dy  +  (^)^  jk  is  an  ex- 

act  differential.  Let  therefore  this  latter  quantity  be  the  differ- 
ential with  respect  to  ^,  y,  «,  of  a  function  4^  of  x,  y^  z  and  /. 
Then 

(d\£\  _  d^     /dv\  _  d±     /d^\  _  d^ 
Vd//      d^'    KdtJ'^dy'    \dt)      d z" 
Hence,  by  integration, 

'''M''-'  ^-r^r-  '-f'^'": 

Consequently,  differentiating  independently  of  the  tune, 

dy    Jdydx        Jdxdy  dx 

«       du      dttt         J   dv      dvo 

bo     J—  =  J— »    ana  -j—  =  -3—. 

flj?      dx  dz      dy 

Hence  M{fa?+t;rfy+wd»  and  '^^^.+ j~.^^+  5~""^ 

are  also  exact  differentials  at  the  same  time.  Now  any  (me 
arguing  according  to  the  views  maintained  by  Mr.  Airy  would 
say  that  the  latter  quantity  is  unconditionally  an  exact  differ- 
ential; and  how  the  conclusion  could  be  avoided  that  udx 
+  vdy  -{-wdz  is  without  limitation  an  exact  differential  in 
every  instance  of  fluid  motion  whatever,  I  am  unable  to  see. 
But  this  conclusion  is  certainly  untrue.  Poisson  has  written 
a  long  memoir  on  the  propagation  of  motion  in  elastic  fluids, 
on  the  supposition  that  that  condition  is  not  fulfilled.  (See 
Memoirs  qf  the  Paris  Academy^  tom.x.  1831.)  The  eiqila- 
nation  of  this  apparent  contradiction  I  believe  to  be  as  follows  :— 
When  the  complete  differential  {d  P)  is  substituted  for  the  sum 
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of  the  partial  difierentials  -t —  dxy  -z —  rf^,  •;= —  dz,  it  is  ta- 

citlj  assumed  that  P  is  a  function  of  x^  y,  z^  which  varies  con-- 
tinuoudy^  and  not  arbitrarily,  with  the  variation  of  the  coor- 
dinates, and  so  far  as  the  variation  of  the  function  is  such,  the 
substitution  is  legitimate*  Now  in  any  instance  of  fluid  mo- 
tion it  is  only  in  the  direction  of  the  displacement  of  the  fluid 
that  the  variation  of  the  velocity  and  density  at  a  given  time 
is  in  any  respect  necessarily  continuous  and  not  altogether  de- 
pendent on  the  arbitrary  displacement  In  this  direction  it 
aepends  in  part  on  the  propagation  of  the  motion,  and  on  the 
mutual  inclination  to  each  other  of  the  normals  to  the  surface 
of  displacement,  in  a  manner  which  it  is  the  peculiar  province 
of  the  integration  of  a  partial  differential  equation  to  make 
known,  and  so  as  to  leave  the  particular  form  of  the  function 
expressing  the  arbitrary  displacement  indeterminate.  But  the 
variation  of  velocity  and  density  at  a  given  instant  from  one 
point  to  another  along  a  surface  of  displacement  altogether 
depends  on  the  arbitrary  disturbance,  and  cannot  therefore  be 
given  by  a  similar  process  of  integration.  With  the  above- 
mentioned  limitation  respecting  the  direction  of  variation  of 

the  coordinates,  both  t — dx  +  j—  dy  +  -z—dZf  and  udx 

•^  vdy  +  wdz  are  exact  difierentials  in  every  instance  of 
fluid  motion,  excepting  where  the  motion  is  not  essentially 
difierent  from  that  of  a  solid. 

After  this  communication  I  shall  not  again  enter  upon  the 
consideration  of  the  problem  which  has  given  rise  (not,  I  hope, 
without  some  advantage  to  the  cause  of  science)  to  so  pro- 
longed a  discussion.  But  the  general  principle  on  which  my 
solution  rests  is  too  important  to  be  hastily  dismissed,  and  I 
shall  probably  take  other  opportunities  of  exemplifying  it 

Cambridge  Observatory,  August  19«  1841. 

XXXIIL  Note  on  the  Production  qf  Sulphuretted  Hydrogen 
bythe  Action  of  decomposing  Animal  Matter  upon  Sulphates. 
By  Robert  Mallet,  Ph.  D.,  MM,LA. 

To  Richard  Phillips,  Esq.y  Sfc.  Sfc. ' 
Sir, 
nPHE  valuable  communication  in  the  Number  of  the  Phi- 
•■•  losophical  Magazine  for  this  month  (July)  by  Mr.  Daniell, 
on  the  spontaneous  evolution  of  sulphuretted  hydrogen  in  the 
waters  of  the  African  Coast,  &c.,  has  jbeen  read  by  me  with 
peculiar  interest,  from  its  connexion  with  a  subject  to  which 
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I  have  for  some  time  devoted  a  good  deal  of  attention,  namdj, 
the  action  of  ^*  air  and  water  on  iron,i"  and  other  metals. 

To  Mr.  Daniell  must  be  afirarded  the  merit  of  having  first 
pointed  out  the  very  extended  limits  in  which  sulphuretted 
hydrogen  thus  occprs,  and  of  indicating  its  highly  probable 
connexion  with  pestilential  diseases ;  but  the  aaim  which  is 
apparently  made  in  this  paper  (see  pa^  11  et  passim)  by  its 
author,  to  be  the  first  who  has  pointed  out  the  undoubtedly 
true  source  of  this  gas  in  the  decomposition  of  sulphates  by 
decomposing  organic  matter,  cannot,  I  think,  be  sustained. 

In  the  second  report  on  the  Action  of  air  and  water, 
(whether  fresh  or  salt)  on  iron,  tead  at  the  last  meeting  of  the 
British  Association,  and  since  published,  section  171 — 172, 
the  production  of  sulphuretted  hydrogen  in  this  way  will  be 
found  fully  pointed  6ut,  and  its  theory  m  the  case  of  the  iron 
salts  even  much  more  extended  than  had  before  been  done ; 
while  the  mere  fact  that  the  sulphates  are  deoxidized  by  or* 
ganic  matter  in  Certain  states  has  been  observed  years  since, 
and  even  the  formation  of  pyrites  by  (he  action  of  animal 
matter  in  putrefaction  on  the  sulphates  of  iron ;  a  case  of 
which  is,  I  think,  recorded  in  Thompson's  Annals  of  Philo- 
sophy, I  have  remarked  that  even  insoluble  sulphates,  such 
as  gypsum,  can  be  decomposed  in  this  way ;  but  the  power 
of  decomposing  either  soluble  or  insoluble  sulphates  d^iends 
upon  the  peculiar  state  of  decomposition  in  which  the  vege- 
table organic  matter  is  founds  and  does  not  seem  to  me  to 
take  place,  unless  when  carbonic  acid  is  also  present  on  the 
water,  which  it  generally  then  is  as  a  product. 

About  nine  years  ago  the  Directors  of  the  Dublin  and 
LfOndon  Steam  Marine  Company  requested  me  to  examine 
the  copper  sheathing  of  their  steam  ship  "  Thames,"  since 
lost  off  "  The  Lizard,"  which  had  in  a  very  short  time  cor- 
roded into  holes,  and  on  the  ground  of  which  they  were  about 
taking  proceedings  against  the  parties  who  supplied  the  cop- 
per, I  found  that  the  inside  of  much  of  the  copper  was  lined 
with  black  sulphurates,  such  as  Mr.  Daniell  describes ;  and 
on  examining  the  "  berth"  where  the  vessel  lay  when  in  this 
port,  I  found  it  was  over  a  bank  of  soft  silt,  and  opposite  a 
large  sewer  which  constantly  discharged  putrid  matter:  to 
this  I  then  attributed  the  decay  of  the  copper,  and  advised  the 
removal  of  the  vessel  to  another  berth,  which  was  done  after 
recoppering,  and  with  the  result  desired:  this,  therefore, 
confirms  the  views  on  this  subject  Mr.  Daniell  has  so  well 
stated ;  but  I  feel  myself  compelled  to  differ  with  this  gentle- 
man as  to  the  power  of  zinc  permanent^  to  protect  copper 
from  corrosion  in  sea-water  thus  charged  with  sulphuretted 
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hydrogen.  The  results  of  experiments  made  for  very  ex- 
tended periods  have  shown  me  that  unless  the  surface  of  the 
zinc  be  at  intervals  kept  clean  mechanically  by  scouring,  8tc., 
it  soon  ceases  to  protect,  to  any  considerable  amount,  iron 
o#*  copper  in  foul  sea-water :  its  surface  gets  gradually  covered 
ivjth  an  impervious  coating  of  microscopic  ci*ystals  of  calc 
spar,  which  diminish,  and  at  length  destroy  all  reaction 
upon  it. 

No  experiments  on  the  mutual  protection  of  metals  in  water 
are  worthy  of  dependence  unless  continued  for  a  very  long 
time,  by  which  reactions  are  brought  into  evidence  which 
ivould  never  have  been  perhaps  suspected  in  experiments  of 
much  more  limited  duration. 

Should  you  consider  these  observations  suitable,  I  shall  feel 
obliged  by  their  insertion  in  the  Philosophical  Magazine,  and 
am.  Sir,  your  most  obedient, 

94,  Capel  Street.  Dublin,  RoBERT  Maixet. 

July  4»  1641. 

XXXIVt    Notices  respecting  New  Books. 

Elements  of  Chemistry,  including  the  most  recent  discoveries  and  ap^ 
plications  of  the  Science  to  Medicine  and  Pharmacp,  and  to  the 
Arts.  By  Robbbt  Kane,  M.D.,  M.R.I.A.,  Professor  of  Natural 
Philosophy  to  the  Royal  Dublin  Society ;  Professor  of  Chemistry 
to  the  Apothecaries'  Hall  of  Ireland,  &c.  Part  II.  Dublin,  1841, 
8vo,  pp.  357  to  676,  witli  49  wood-cuts. 

HAVING  in  the  preceding  volume  (S.  .3.  xviii.)  of  th«  Pliilosopbical 
Magazine,  p.  304,  given  an  analysis  of  the  first  part  of  Dr.  Kane's 
work,  we  now  present  our  readers  with  the  contents  of  the  second  jrart, 
in  a  similar  form : — 

Chapter  X,— Of  the  Relations  op  Chemical  Constitutiok  to  the 
Molecular  Stiiucture  of  Bodies. 

Sect.  I.  Of  the  Atomic  Theory  (continued.) — Physical  and  chemical 
atoms.    Various  orders  of  molecular  groups. 

Sect.  II.  (y/iomorp^im.— Relation  of  constitution  to  form.  Various 
hypotheses  on  which  the  isomorphism  of  compound  bodies  ha&  been 
explained.  Crystalline  forms  of  the  simple  bodies.  Isomorphous  groups. 
Pnnciple  of  Plesiomorphism.  Similarity  of  form  does  not  prove  necessary 
similarity  of  chemical  constitution.  Principles  of  isomorphous'  replace- 
ment.  Of  dimorphism  and  isomerism. 

Sect.  III.  Of  Dimorphiim  and  Isomerinn,  and  of  the  Theory  of  Types. — 
List  of  dimorphous  bodies.  Difference  in  structure  of  dimorphous  bodies. 
Chan|;e  of  physical  characters  indicating  an  approach  to  dimorphism. 
Principle  of  isomerism.  Connexion  of  dimorphism  and  isomerism. 
Possible  isomerism  of  the  metals.  Nature  of  compound  radicals.  Conr 
stitution  of  organic  bodies.  Theory  of  organic  types.  Of  actions  by  con- 
tact. 

Sect.  IV.  qfCaUJyns.-^0£  catalysis  and  analps.  Catalytic  effects  of 
heat.  Catalytic  effects  ascribable  to  the  communication  of  motion. 
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Chapter  XI .—On  the  Classification  of  the  Eleuintary  Bodies. 
— Classification  of  bodies.    Classification  of  elements. 

Chapter  XII. — Of  the  simple  Non-metallic  Bodies,  and  their  Com- 
pounds with  each  other. — Of  oxygen.  Gasometers.  Preparation  of 
Oxygen.    Its  properties. 

O^lfycfro^en.— Its  preparation.  Its  properties.  Hydroxygen  blowpipe. 
Il^drogen  harmonicon.  Chemical  relation  of  hydrogen.  Constitution 
of  water.  Solution  of  gases  in  water.  Chemical  relations  of  water. 
Various  functions  of  water,  in  chemical  combination.  Mineral  waters. 
Peroxide  of  hydrogen.  Preparation  and  properties  of  peroxide  of  hydro* 
gen. 

0/  A^i^rogen.— Preparation  and  properties  of  nitrogen  gas.  Atmospheric 
BAT.  Analysis  of  air.  Composition  of  the  atmosphere.  Atmospheric  air 
a  mixture,  and  not  a  chemical  compound.  Constitution  of  the  atmo- 
sphere. Law  of  diffusion  of  gases.  Permanency  of  constitution  of  the 
atmosphere.  Atmospheric  pressure.  Extent  of  the  atmosphere.  Poisson's 
atmospheric  theory.  Production  of  clouds,  dew,  &c.  Compounds  of 
nitrogen  and  oxygen.  Nitrous  oxide,  its  properties  and  composition.  Pre- 
paration and  properties  of  nitric  oxide.  Hyponitrous  acid.  Nitrous  acid. 
Nitric  acid.  Natural  and  artificial  production  of  nitric  acid.  Preparation 
of  nitric  acid.  Properties  and  constitution  of  liquid  nitric  acid.  Detection 
of  nitric  acid.    Composition  of  nitric  acid. 

Suipkur. — Sources,  properties  and  preparation  of  sulphur.  Relations  of 
oxygen  to  sulphur.  Preparation  and  properties  of  sulphurous  acid.  Sul- 
phurous acid.  Sulphuric  acid.  Formation  of  sulphuric  acid.  Manufac- 
ture of  oil  of  vitriol.  Anhydrous  sulphuric  acid.  Hydrates  of  sulphuric 
acid.  Hyposulphurous  acid.  Hyposulphuric  acid.  Real  constitution  of  the 
compounds  of  sulphur  and  oxygen.  Preparation  and  properties  of  sul- 
phuretted hydrogen. 

Of  Selenium,  and  its  compounds  with  oxygen,  hydrogen,  8cc.— I^epara- 
tion  and  properties  of  Phosphorus,  ^  Compounds  of  phosphorus  and 
oxygen.  Phosphorous  acid.  Phosphoric  acid.  Phosphates  of  water.  Salts 
of  phosphoric  acid.  Preparation  and  properties  of  phosphuretted  hydro- 
gen. 

0/ Chlorine. — Preparation  of  chlorine.  Bleaching  power  of  chlorine. 
Oxidizing  power  of  chlorine.  Compounds  of  chlorine  and  oxygen.  Hypo- 
chlorous  acid.  Chloric  acid.  Chlorous  acid.  Perchloric  add.  Chlonde 
of  hydrogen.  Composition  of  muriatic  acid.  Muriatic  acid.  Liquid  mu- 
riatic acid.  Nitro-muriatic  acid.  Chloride  of  sulphur.  Chloride  of  phos. 
phorus. 

/oc/iit^.—Preparation  of  iodine  upon  the  great  scale.  Properties. of  io- 
dine. Iodic  and.  Periodic  acid.  Hydriodic  acid.  lodo-pnosphuret  of 
hydrogen. 

Bromine. — Properties  of  bromine.  Hydrobromic  acid.  Compounds  of 
bromine. 

(yj7ttoriit^.— Hydrofluoric  acid. 

oJr;St/icoN.— Of  silica.  Of  silicic  acid.  Chloride  of  silicon.  Fluoride  of 
silicon.    Hydrofloosilicic  acid. 

Boron  and  boracic  acid. — Chloride  of  boron.  Fluoride  of  boron.  Ge- 
neral characters  of  the  metals. 

Chaper  XII.  [XIII.] — Or  the  Geneeal  Charactebs  of  the  Metals, 
AND  OF  their  Compounds  WITH  the  Non.meta}xic  Bodies. — Malleability 
and  ductility.  Compounds  of  the  metals  with  oxygen.  Classification  of 
the  metals.  Degrees  of  oxidation.  Relation  of  the  metals  to  chlorine. 
State  of  the  meuds  in  nature.  General  principles  of  the  reduction  of  the 
metals. 
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Chapter  XIIL  [XIV.] — Of  the  Indiyioual  Metals,  anb  op  their 
Compounds  with  Oxygen,  Sulphur,  Selenium,  and  Phosphorus. 

Sect.  L—Melait  of  the  First  Cku$. 

Of  Pottusium. — Preparation  of  potassium.  Properdes  of  potastium. 
Preparation  of  potash .    Properties  of  potash .    Sulpburets  of  potassium . 

Of  Sodium  and  soda. 

Lithium  and  lithia. 

^artum.— Compounds  of  barium.  Preparation  of  barytes.  Sulpburetof 
barium. 

Strontium  and  strontia. 

Of  Calcium, -> Compounds  of  calcium.  State  of  lime  in  nature.  Proper^ 
ties  of  lime.    Sulpburets  of  calcium. 

Cf  Magnesium. — Properties  of  magnesium.   Properties  of  magnesia. 

Of  Aluminum, — Preparation  of  aluminum.  Condition  of  aluminum  in 
natural  properties  of  alumina. 

Sect.  IL—Metals  of  the  Second  Gass. 

CfOlucinum  and  glucina. 

Of  Yttrium^  Thorium^  Zirconium^  Cerium^  Lanthanum^ 

Of  ilfaftg^<nie>«^.— Preparation  of  manganese.  Oxides  of  manganese. 
Protoxide,  sesquioxide,  and  peroxide  of  maneanese.  Determination  of 
the  real  value  of  peroxide  of  manganese.  Manganic  and  permanganic 
acids.   Detection  of  manganese. 

Sect.  llh-^Metatt  of  the  Third  aass. 

Of  Iron, — State  of  iron  in  nature.  Smelting  of  iron  or^.  Preparation 
of  malleable  iron.  Manufacture  of  steel.  Relations  of  iron  to  oxygen. 
Passive  condition  of  iron.  Various  oxides  of  iron.  Sulpburets  of  iron. 
Detection  of  iron. 

Of  .^jfcileA— Preparation  of  nickel.    Nickel  and  its  oxides. 

Of  Cobalt, — Preparation  of  cobalt.  Cobalt  and  its  oxides.  Uses  of 
cobalt  in  the  arts. 

Qf  Ztnc.-^Preparation  and  properties  of  zinc.  Of  the  oxide  and  sul- 
phuret  of  zinc. 

Qf  Cadmium  and  its  compounds. 

(^  Tin. — Extraction  and  properties  of  tin.  Protoxide  and  peroxide  of 
tin.   Isomeric  forms  of  stannic  acid.   Preparation  of  mosaic  gold. 

W  Chromium  and  its  compounds. — Oxide  and  acid  of  chrome. 

Of  Vanadium. 

Sect.  IV, —Metals  of  the  Fourth  Class,, 

Tungsten  and  its  oxides.— Compounds  of  tungstin. 

Mofybdenum  and  its  compounds. 

Osmium  and  its  compounds. 

Columbium  and  TOimium. — ^Titanic  acid  and  titanic  oxide. 

Of  Arsenic. — Properties  of  arsenic.  Arsenious  acid.  Arseniuret  of 
bjdirogen.  Sulpburets  of  arsenic.  Detection  of  arsenic.  Liquid  tests  of 
arsenic.  Arseniuretted  hydrogen.  Marsh's  tests  for  arsenic.  Sources  of 
fallacy.    Arsenic  naturally  in  the  body.    Antidote  to  arsenious  acid. 

Antimony  and  its  oxides. — Oxygen  acids  of  antimony.  Sulpburets  of 
antimony.  Preparation  of  kermes  mineral.  Forms  of  sulphuret  of  anti- 
mony employed  in  pharmacy.    Antimoniuret  of  hydrogen. 

Tellurium  and  its  compounds. 

Uranium  and  its  compounds. 

Sect,  y.— Metals  of  the  Fifth  Class. 

Of  Copper, — Reduction  of  copper  from  its  ore.  Properties  of  copper. 
Oxides  of  copper.  Sulpburets  of  copper.  Detection  of  copper.  Useful 
alloys  of  copper. 

QfLroii-^tateoflead  in  nature.  Oxides  of  lead.  Sulphuret  of  lead. 
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(y^imiiM.— State  of  bismuth  in  nature.  Atomic  weight  of  bismuth. 
Compounds  of  binnuth. 

Sect.WL—MetaU  of  the  Sixth  Oau. 

0/ Silver ,—ExtnLction  Of  wlver  from  its  ores.  Properties  of  silver. 
Oxides  of  silver.    Detection  of  silver. 

0/  Mercurif  or  Quiehil»er,—Sute  of  mercury  in  nature.  Properties  of 
mercury.  Oxides  of  mercbry,  Sulphurets  of  mercurv.  Detection  ofmercury. 
'    Of  GoW.— Extraction  and  properties  of  gold.    Detection  of  sold. 

OfPaliadium.  r    r  d  o 

0/  /^At/mttin.— State  of  platinum  in  nature.  Different  forms  of  platinum. 
Compounds  of  platinum.    Detection  of  platinum. 

Indium  and  its  compounds. 

Rhodium  and  its  compounds. 

Chapter  XIV.  [XV.]  Om  the  GENEftAL  PBOPBaTiEs  and  Constitu- 
TioN  OF  Salts. — Deneral  characters  of  salts. 


XXXV.  Proceedings  of  Learned  Societies. 

ROTAL  SOCIETY. 
[Continued  from  vol.  xviii,  p.  141  *.] 
November  26  {Continued),  HT^HE  following  papers  were  read  :-* 

1840.  •'-    Description  of  a  Percusaion  Shell  to 

explode  at  the  bottom  of  the  Sea.   By  Captain  J.  Norton.    Commu- 
nicated by  S.  Hunter  ChriatiB,  Esq.,  M.A.,  Sec.  R.S.,  &c. 

An  iron  tube«  like  the  ban^  of  a  musket,  is  screwed  into  a  shell 
of  any  size,  water-tight.  A  rod  of  iron,  about  half  a  pound  in  weight 
and  a  foot  in  length,  is  suspended  within  the  tube,  by  means  of  a 
split  quill  passing  through  a  hole  in  the  upper  end  of  the  rod,  the 
other  end  bein^  armed  with  a  percussion-cap.  The^mouth  of  the 
tube  is  closed  with  a  screw  lid  also  water-tight.  Tin  or  brass  wings 
being  attached  to  the  upper  end  of  the  tube  will  keep  it  in  a  vertical 
position  during  its  descent  to  the  bottom  of  the  sea ;  and  the  shock 
on  its  striking  the  bottom  will  cause  the  bar  of  iron  within  the  tube 
to  fall,  and  produce  the  percussion  and  explosion. 

Should  it  be  found  difficult  to  make  the  shell  water-proof,  I  am 
satisfied  that  percussion  powder  made  from  silver  will  explode  by 
friction  or  percussion  even  when  mixed  with  water. 

Memorandum  addressed  to  the  Royal  Society.  By  T.  Wharton 
Jones,  F.R.S. 

The  following  is  the  memorandum  in  the  words  of  the  author : — 

On  the  18th  of  Jime,  1835,  a  memoir,  entitled,  "  On  the  Ova  of 
Man  and  Mammiferous  Animals,  as  they  exist  in  the  Ovaries  before 
Impregnation,  and  on  the  discovery  in  Uiem  of  a  Vesicle  analogous 
to  that  described  by  Professor  Purkinje  in  the  Immature  Egg  of  the 
Bird  t,"  was  laid  before  the  Royal  Society. 

[•  The  two  abstracts  of  papers  now  inserted  were  accidentally  omitted 
from  their  proper  place;  theyare  the  notices  referred  to  in  vo1.xviii.,p.547 ; 
and  are  followed  in  order  of  reading  by  those  given  at  p.  307  of  that 
volume.] 

[f  An  Abstract  of  this  memoir  appeared  in  L.  and  E.  Phil.  Mag.,  toI. 
vu.p.209.] 
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At  the  time  I  wrote,  I  believed  myself  the  first  who  had  obserred 
the  vesicle  alluded  to ;  but  by  a  reference  to  the  manuacript  in  the 
archives  of  the  Society,  it  will  be  seen,  from  a  postscript,  that  before 
sending  it  to  be  communicated,  I  had  become  aware  that  M.  Coste 
of  Paris  had  some  time  before  announced  that  he  had  made  a  similar 
observation,  as  fio-  as  concerns  the  rabbit.  Those  who  are  conver- 
sant in  such  matters  are  doubtless  aware  that  I  was  anticipated  also 
by  Professor  Valentin :  but  of  this  circumstance  I  was  not  informed 
tUl  some  considerable  time  alter. 

It  thus  appears  that,  though  I  was  an  independent  discoverer  of 
the  germinal  vesicle  of  the  mammiferous  ovum,  all  the  share  in  the 
discovery  I  can  lay  daim  to  historically  is  that  of  being  the  first  who 
pointed  it  out  in  this  country. 

There  is  one  point,  however,  in  the  anatomy  of  the  germinal  ve- 
sicle of  the  mammiferous  ovum,  of  which  I  feel  myself  entitled  to  be 
recognized,  especially  by  the  Royal  Society,  as  contemporaneous  dis- 
coverer, and  that  is,  the  spot  on  the  side  of  the  vesicle.  Feeling 
this,  and  having  heard  at  the  last  meeting  of  the  Royal  Society  the 
discovery  of  this  spot  attributed  solely  to  the  distinguished  German 
physiologist,  Professor  Rudolph  Wagner,  I  consider  it  due  to  the 
Royal  Society  and  to  myself  to  call  to  the  Society's  remembrance  the 
fact,  that,  in  the  memoir  above  referred  to  as  having  been  laid  before 
them  in  1835,  the  spot  in  question  is  not  only  pointed  out  and  par- 
ticularly delineated,  but  its  physiolo^cal  importance  hinted  at. 

The  la3ring  of  a  paper  before  a  Society  is  an  act  of  publication. 
With  the  communication  of  my  piq)er  to  the  Royal  Society  in  1835, 
the  publication  of  Professor  Wagner's  paper  in  Miiller's  ArcMv  was 
contemporaneous  merely. 

It  is  true,  that  though  Professor  Wagner's  observations  were  only 
first  published  in  Muller's  Archiv  for  1835,  there  is  a  note  by  the 
editor,  saying  that  the  paper  was  received  by  him  in  1834 ;  but  it  is 
cdso  true,— and  of  this,  were  it  necessary,  proof  could  be  easily  ad- 
duced,— ^that  my  paper  was  written  also  in  1834. 

In  conclusion,  I  beg  to  apologize  to  the  Royal  Society  for  obtru- 
ding on  their  notice  what  may  appear  matter  rather  of  personal  than 
general  interest. 

ROYAL  ASTRONOMICAL  SOCIETY. 
[Continued  from  vol.  zviii.  p.  604.] 

Nov.  13,  1840. — ^The  following  comnlunications  were  read : — 

A  Letter  from  Mr.  Dawes  on  the  subject  of  a  new  Binary  Star 
recently  observed. 

"  I  beg  to  call  the  attention  of  the  Society  to  the  star  registered 
by  Sir  William  Herschel  as  the  16th  of  his  third  class  of  double 
stars.  Its  iR  is  20''  23"-6,  and  N.P.D.  79^  17'.  This  star  was 
measured  by  Herschel  and  South  in  1822  with  the  five-foot  achro- 
matic. It  was  again  observed  by  Strove  on  two  nights  in  1829, 
and  also  on  two  in  1832 ;  and  though  powers  of  320  and  480  were 
employed  in  the  measurements,  nothing  remarkable  was  noticed  by 

Phil.  Mag.  S.  3.  Vol.  19.  No.  123.  Sept.  1841.  R 
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him  in  either  of  the  (tan.  On  turning  upon  it  Mr.  Bishop's  equa- 
torially-mounted  achromatic  telescope,  having  an  aperture  of  seven 
inches,  and  focus  of  nearly  eleven  feet,  armed  with  a  power  of  320, 
though  the  character  of  the  night  (October  27)  was  very  indifferent, 
I  was  immediately  struck  with  the  elongated  appearance  of  the 
smaller  of  the  two  stars ;  and  having  applied  higher  powers,  I  pro* 
cured  measures  of  the  direction  of  the  elongation.  I  have  since 
obtained  two  other  sets  with  power  420,  with  which,  in  best  mo- 
ments, the  elongated  disc  was  slightly  notched.  The  results  of  the 
three  nights*  observations  are  :-<- 

October  27,        Position  =  208*^40'       Weight  =  12 

—        31,  ...       =  208  25  ...     =s  n 

November  4,  ...       =  208  44  , . .     =  18 


Mean =  208  38 

The  estimated  central  distance  =  0^6  or  0**7. 

*'  It  is  extremely  improbable  that  so  acute  an  observer  as  Struve 
should  have  failed  to  recognise  an  appearance  which  is  now  so  ob- 
vious and  measurable  with  a  much  smaller  instrument,  if  the  star 
had  then  presented  the  same  aspect  as  at  present — the  Dorpat  re- 
fractor being  capable  of  distinctly  separating  stars  of  the  8th  or  9th 
magnitude  whose  central  distance  does  not  exceed  0'''4.  Most  likely, 
therefore,  this  star  constitutes  a  new  binary  system ;  and  it  is  highly 
desirable  that,  during  the  remainder  of  its  present  apparition,  ob- 
servations should  be  obtained  by  different  individuds  possessing 
instruments  of  sufficient  optical  power.  To  the  notice  of  such,  I 
beg  earnestly  to  commend  it. 

"  I  may  embrace  this  opportunity  of  announcing  that  the  obser- 
vations made  during  the  last  sixteen  months  at  Mr.  Bishop's  Ob- 
servatory afford  satisfactory  proof  of  binary  character  in  several  in- 
stances where  it  had  been  only  suspected  to  exist,  and  of  a  very 
large  amount  of  orbital  motion  in  some  binary  systems  previously 
known  as  such.  The  close  pair  of  s  Eqwdei  are  decidedly  more 
distant  than  when  observed  by  Stmve  in  1835  and  1836.  Within 
the  last  four  years,  4  Aquarii  has  advanced  20°  in  its  orbit ;  in  which 
interval  the  star  H  i.  39  (S  3062)  has  changed  its  position  to  the 
extent  of  about  40°,  and  r^  Corona  nearly  50°,  with  a  central-  di- 
stance of  scarcely  O'^'B.  The  alteration  is  also  striking  in  f  Herculis 
(now  measurable  with  a  five-foot  achromatic)  and  in  £  2107  ;  while 
r  Ophiuehi,  which  for  years  defied  the  power  of  the  Dorpat  telescope 
even  to  elongate  it,  has  now  opened  out  to  the  extent  of  nearly  a 
second  between  the  centres  of  its  component  stars.  Supposing  Sir 
W.  Herschel's  measure  of  the  close  pair  of  (  Cancri,  taken  in  1781, 
to  be  exact,  that  remarkable  binary  system  will  now  have  completed 
a  whole  revolution  since  that  date,  that  is,  in  59  years. 

"  W.  R.  Dawbs." 

*'  Mr.  Bishop's  Observatory,  Regent's  Park, 
Nov.  12, 1840.'* 
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Stars  contained  in  the  Royal  Astronomical  Society's  Catalogue,    By 
the  Honourable  John  Wrottesley*. 

Of  the  stars  contained  in  tliis  catalogue,  seventeen  had  been  ! 

wholly,  or  in  part,  observed  at  the  time  Mr.  Wrottesley's  former  I 

catalogue  of  1318  starsf,  for  which  the  gold  medal  of  the  Society 
was  awarded  in  1839,  was  in  course  of  observation,  but  are  not  in- 
cluded in  that  catalogue.  The  remaining  thirty-eight  are  selected  ' 
from  the  first  list  of  stars  accompanying  Mr.  Baily's  "  Address  to 
Astronomical  Observers,'*  May  1837 ;  and  such  were  chosen  as  had 
not  been  previously  observed  at  the  author's  observatory,  or  had  not 
been  observed  at  all  since  Piazzi's  time,  or  presented  discrepancies 
the  clearing  up  of  which  seemed  most  likely  to  prove  interesting. 
The  observations  of  these  thirty-eight  were  begun  in  May  1837, 
and  carried  on  until  August  in  the  same  year,  by  Mr.  Hartnup  ;  they 
were  resumed  by  Mr.  Wrottesley  himself  in  December  1839,  and 
concluded  in  August  1840.  In  every  case  the  observations  were 
continued  until  six  or  more  of  each  star  had  been  procured.  In  ob- 
serving this  catalogue  all  possible  care  was  exercised  that  the  mean 
places  of  the  stars  comprised  in  it  should  be  entirely  unaffected  by 
any  errors  arising  from  imperfect  instrumental  adjustment.  With 
reject  to  the  standard  stars  employed,  in  1837  only  a  few  were 
used,  sometimes  only  one,  but  care  was  taken  that  it  should  be  si- 
tuated very  near  the  parallel  of  declination  of  the  catalogue  star. 
In  1840  all  the  Greenwich  stars  were  used  indifferently,  &at  pass 
the  meridian  to  the  south  of  the  zenith,  and  are  comprised  in  the 
list  of  those  with  which  the  former  catalogue  was  compared ;  and 
usually  from  five  to  six,  and  sometimes  as  many  as  firom  eight  to  ten, 
were  observed  on  the  same  day,  and  the  mean  clock-error  resulting 
therefrom  used  in  deducing  Uie  catalogue  stars.  Bessel's  right 
ascensions  of  these  standard  stars,  and  Mr.  Wrottesley's  own  place 
of  Fomalhaut,  have  been  invariably  used  in  reducing  the  catalogue 
stars ;  so  that  this  catalogue,  as  well  as  the  precedmg,  is  founded 
on  Bessel's  mean  places  of  the  Greenwich  stars.  In  an  introduction 
to  the  catalogue,  the  author  has  explained  in  detail  the  different 
methods  which  he  employed  for  determining  the  errors  of  level,  col- 
limation,  and  azimuth,  and  the  other  corrections  applied  in  the  re- 
ductions. The  performance  of  the  transit-clock  during  the  pro- 
gress oi  the  observations  was  satisfactory ;  for  though  the  rate  was 
at  times  considerable  in  amount,  it  was  always  uniform.  As  a  test 
of  the  extent  to  which  the  catalogue  may  be  relied  on  for  accuracy, 
Mr.  Wrottesley  states,  that  out  of  the  forty-three  stars  contained 
in  it,  which  have  been  observed  by  Mr.  Airy,  in  no  one  case  does 
the  difference  of  the  results,  for  a  star  more  than  25^  from  the  pole, 
exceed  0*-17. 

Postscript  to  Mr.  Baily's  Report  on  Mr.  Maclear's  Pendulum  Ex- 
periments^.    By  Mr.  Baily. 

•  Now  Lord  Wrottesley,  and  President  of  the  Society, 
f  See  the  Monthly  Notices  for  November  1836;  [or  Phil.  Mag.,  Third 
Series,  vol.  x.  p.  ^,] 
I  Read  at  the  meeting  of  the  Society  in  June  1840.   [See  vol.  xviii . 
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The  author  states  that  the  Admiralty  having  left  to  his  decision 
the  form  and  construction  of  a  new  pendulum,  which  they  had  re- 
solved on  sending  out  to  the  Cape,  for  the  purpose  of  heing  swung 
by  Mr.  Maclear  at  the  several  stations  of  the  trigonometricsd  survey 
now  in  progress  in  that  colony,  he  had  not  hesitated  in  adopting 
the  5ar-pendulum,  as  by  far  the  best  and  most  convenient  for  a 
travelling  instrument.  The  pendulum  which  has  been  accordingly 
constructed  is  a  brass  bar,  sixty  inches  long,  two  inches  wide,  and 
about  half  an  inch  thick.  It  was  formed  of  several  thin  plates  which 
were  pressed  together  by  a  rolling  machine,  and  is,  consequently, 
very  compact  and  hard.  Its  specific  gravity  was  8*60,  and  its  rate 
of  expansion  for  one  degree  of  Fahrenheit's  thermometer,  '00001034. 
It  is  furnished  with  four  knife-edges,  thereby  affording  the  advan- 
tages of  four  distinct  pendulums  on  one  and  the  same  bar,  and  which 
thus  serve  as  a  check  on  each  other.  As  the  construction  of  the 
pendulum  did  not  allow  of  much  filing  away  at  the  ends  without 
cutting  into  the  knee-pieces,  the  vibrations  on  the  several  knife- 
edges  were  rendered  nearly  isochronous  (for  absolute  isochronism 
can  hardly  be  obtained),  by  fastening  a  circular  piece  of  brass 
weighing  3000  grains,  about  an  inch  and  a  half  from  the  centre  of 
the  bar ;  the  weight  and  position  having  been  determined  by  re- 
peated preliminary  experiments.  After  every  thing  was  finished, 
seven  sets  of  experiments  were  made  on  each  knife-edge,  the 
mean  results  of  which  were  respectively  as  follows:  ^-knife-edge  A, 
85906-322  vibrations ;  B,  85905-725 ;  C,  85904-107 ;  D,  85903-427; 
in  a  mean  solar  day.  The  computations  and  corrections  were  made 
in  the  usual  manner,  with  the  exception  of  the  correction  for  the 
height  of  the  barometer,  which  can  only  be  determined  accurately 
by  swinging  the  pendulum  in  vacuo.  For  this  there  was  not  time 
before  the  pendulum  was  sent  off,  and  the  correction  was  assumed 
to  be  the  double  of  that  which  is  given  by  the  formula  which  was 
usually  employed  prior  to  the  experiments  of  M.  Bessel.  The  agate 
planes,  which  were  made  expressly  for  this  pendulum,  are  attached 
to  a  solid  frame  of  brass,  three-quarters  of  an  inch  thick,  and  having 
three  foot-screws  for  the  purpose  of  levelling  the  planes. 

Observations  of  the  Second  Comet  of  1840,  made  at  the  Obser- 
vatory at  Hamburgh.     By  Mr.  Rumker. 

The  observations  give  the  apparent  right  ascension  and  declina- 
tion from  January  29  to  March  24, 1840. 

Dec.  11. — ^The  following  communications  were  read  :— 

On  a  large  Achromatic  Object- Glass  of  a  Telescope  worked  by 
Mr.  DoUond,  the  flint  glass  of  which  was  prepared  by  the  late  Dr. 
Ritchie.     By  the  Rev.  Samuel  King,  M.A.,  F.R.A.S. 

In  a  paper  by  Mr.  Simms,  "On  the  Optical- Glass  prepared  by 
the  late  Dr.  Ritchie,"  which  was  read  to  the  Society  on  the  14th  of 
June,  1839,  and  is  now  printed  in  vol.  xi.  of  the  Memoirs,  refer- 
ence was  made  to  an  object-glass  of  7f  inches  aperture,  the  flint 
glass  of  which  was  worked  by  Mr.  Dollond  out  of  a  disc  prepared 
by  Dr.  Ritchie ;  and  it  was  intimated  that  Mr.  King,  who  had  the 
objects-glass  at  that  time  under  trial,  would  probably  report  to  the 
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Society  upon  its  performance.  Mr.  King  now  states  that  the  result 
of  numerous  observations  on  a  variety  of  objects  leads  him  to  con- 
sider this  glass  as  one  of  much  excellence,  though  not  faultless. 
There  is  scarcely  any  spherical  aberration,  and  the  light  is  very 
white  and  free  from  colour ;  but  when  the  central  portion  is  co- 
vered up,  there  is  a  good  deal  of  irradiation,  indicating  a  want  of 
homogeneity  near  the  edge  of  the  lens,  where  the  glass  is  very  thick. 
For  many  objects,  however,  especially  very  faint  nebulae,  the  whole 
aperture  may  be  used  with  great  advantage ;  but  for  most  purposes 
a  contraction  to  six  inches,  or  a  little  less,  causes  it  to  perform 
much  better,  and  enables  it  to  carry  high  powers  with  much  distinct- 
ness. The  powers  tried  with  it  vary  from  40  to  700,  and  no  doubt 
it  would  satisfactorily  bear  a  considerable  increase  in  this  respect. 
It  is  not  saying  much  of  such  an  object-glass,  that  the  small  stars 
accompanying  PolarU,  a  Lyra,  and  RigeU  are  readily  seen ;  but  it 
shows  also  with  the  greatest  distinctness  and  completely  separates 
the  close  stars  of  ^  Cancri,  i  and  (  Ba6tis,  £  Ursa,  &c.,  and  also 
S  Cygni,  which  affords  one  of  the  best  tests  of  distinctness  and  per- 
fection in  a  telescope.  As  a  planetary  glass,  Mr.  King  remarks  that 
he  cannot  speak  of  it  so  decidedly,  not  having  had  a  fair  opportunity 
of  trying  it.  Jupiter  and  Saturn  have  both  for  a  long  time  been  at 
very  low  altitudes,  and,  with  respect  to  his  observatory,  the  entire 
range  of  each  is  through  the  smoke  of  London.  But  with  the  moon 
it  performs  magnificently,  penetrating,  as  it  would  seem,  into  her 
very  structure,  when  high  magnifying  powers  are  used.  Upon  the 
whole,  he  is  of  opinion  that  this  object-glass  will  bear  compari- 
son with  most  o^ers  of  ^e  same  size  worked  from  the  foreign 
material. 

The  object-glass  is  fitted  into  a  brass  cell,  admitting  of  accurate 
adjustment  by  means  of  three  screws  with  rods  reaching  to  the  eye 
end.  The  telescope,  twelve  feet  in  length,  is  mounted  upon  the 
rotative  roof  of  a  small  observatory,  in  a  manner  which  combines 
great  ease  in  observing  with  freedom  and  steadiness  of  motion. 


LONDON   ELECTRICAL  SOCIETY. 

July  20,  1841. — ^The  communications  before  the  Society  were, — 
Ist,  "  On  the  Perforation  of  Non-conducting  Substances  by  the 
Mechanical  Action  of  the  Electric  fluid."     By  Mr.  Crosse. 

Two  wires  were  laid  end  to  end  and  tied  firmly  on  a  piece  of 
window  glass,  and  a  quick  succession  of  sparks  was  passed  be- 
tween them  by  connexion  with  the  respective  conductors  of  a  power- 
ful machine ;  the  result  was  a  perforation.  The  same  was  varied 
in  several  ways ;  and  was  afterwards  successfully  tried  with  a  cry- 
stal of  quartz.  The  author  concludes  that  even  diamonds  may  be 
thus  drOled^ 

2nd.  ••  The  Effects  of  Vegetable  Points  on  Free  Electricity."  By 
Mr.  Pine. 
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This  was  a  coiitmuati(m  of  the  subject  of  a  foraner  paper*  and 
contained  some  Btrildag  UlustrationB  of  the  fiinctionB  of  leaves  of 
growing  pkmte,  &c. 

3id.  "  An  Account  of  ExperimentB  undertaken  to  inveatigate 
the  Nature  of  the  Change  of  Colour  of  Bodies  by  Heat,  and  ^eir 
conducting  Power."    By  Mr.  PoUock. 

It  is  the  author's  object  to  show  that  the  imponderable  agents 
are  all  one.  He  has  this  in  view  in  all  the  communications  which 
he  lays  before  the  Society,  and  is  inde£Atigable  in  gathering  firom 
every  source  such  facts  as  may  tend  to  bear  on  the  one  great  oh- 
ject.  How  far  he  has  been  successful  may  be  judged  firom  a  perusal 
of  his  several  papers. 

4th.  "  On  the  Method  of  restoring  to  weakened  Magnets  their 
primitive  strengAi."    By  Professor  Munoke.    (l^anslation.) 

llie  principk  is  simply  to  furnish  the  magnet  with  keepers  in 
proportion  to  its  strengUi,  and  to  add  more  as  its  power  increases. 

5th.  A  Translation  of  an  account  of  "  Experiments  made  with  a 
powerful  Grove's  Battery.    By  M.  De  la  Rive." 

Among  the  experiments  was  that  of  the  rotation  of  the  voltaic 
flame  in  obedience  to  the  magnet ;  and  the  Professor's  opinion  on 
the  subject  is  thus  expressed  in  his  own  words :  — "  That  which 
the  magnet  attracts  or  repels  is  that  conductor  formed  (^  the  series 
of  particles  of  carbon  transported  from  one  pole  to  the  other,  and 
traversed  by  ^e  current." 

6th.  The  Secretary  then  laid  before  the  Society  Mr.  Weekea's 
"  Monthly  Register  for  June,"  containing  data  upon  several  im- 
portant points.  This  register  will  form  a  portion  of  the  Society's 
Quarterly  Part  of  the  Proceedings. 

Aug.  17.— The  papersread  this  evening  were,-*-lst,  "  On  aNew 
Electio-magnetic  Machine."  By  Mr.  B.  HiU. 

The  polarities  of  the  rotating  magnets  were  so  adjusted  as  to 
make  available  both  the  attractive  and  repulsive  results,  thus  pro* 
ducing  a.  power  equal  to  the  rain  of  these,  whereaa  in  other  ma* 
chines  the  power  b  only  equal  to  the  difference. 

2nd.  "  Description  of  a  smaller  Atmospheric  Electrical  Appa- 
ratus."   By  W.  H.  Weekes,  Esq. 

The  insulating  imparatus  in  tlus  is  similar  to  that  in  the  larger 
apparatus  already  described  in  the  Proceedings  of  the  Society ;  the 
coUecting  arrangement  is  a  pointed  wire,  in  place  of  365  yturds  of 
wire.  Ine  use  of  such  an  apparatus  is  very  limited,  and  not  to  be 
depended  on  except  for  certain  purposes.  Mr.  Weekes  mentions, 
that  a  lighted  candle,  in  a  metal  candlestick  insulated  on  wax,  will 
gather  indications  of  electricity  when  other  means  fail. 

3rd.  "  Further  Observations  on  Electrotype  Manipulation  :— ^Ptt- 
sible  Metal."    By  Charles  V.  Walker,  Es^.,  Hon.  Sec. 

The  author  here  describes  the  composition  of  fusible  alloy,  and 
the  mode  of  producing  Clich^e  medals, — ^fusible  casts  from  fumble 
moulds.  The  method  is  not  so  generally  known  here  as  on  the 
Continent ;  it  is  very  simple  and  effectual.     Specimens  were  on  the 
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table  obtained  by  these  means,  for  wbioh  the  audior  expressed  him- 
self as  indebted  to  Mons.  C.  de  Rheims  of  Calais. 

4th.  "  Methods  of  giving  more  force  and  stability  to  the  Carrents 
of  Galvanic  Batteries  formed  by  a  single  Liquid."  By  Profeesor 
Poggendorff.  (Translation.) 

T^e  copper  plates  of  batteries  are  submitted  to  one  of  four  pro« 
cesses«  which  gives  them  a  surface  analogous  to  that  of  Mr.  Smee's 
platinized  platinum.  One  of  the  methc^  is  to  deposit  copper  on 
Uiem  by  electrolysis.  The  action  of  such  plates  in  combination  with 
amalgamated  zinc  is  both  powerful  and  constant. 

6th.  <*  On  a  Voltaic  Frocess  for  Etching  Daguerrfotype  Plates." 
By  W.  R.  Grove,  Esq.,  M.A.,  F.R.S.,  Prof.  Exp.  Phil.  Lond.  Inst. 

This  discovery  enables  us  to  multiply  in  a  durable  material  the 
fleeting  and  delicate  traces  of  Daguerrtetype.  The  plate  to  be  etched 
is  made  a  positive  electrode,  in  an  electrolyte  of  dilute  hydrochloric 
acid ;  and  the  action  is  continued  for  a  few  seconds.  The  etchings 
are  fit  for  the  printer.  Several  prints  obtained  from  plates  thus  pre- 
pared were  placed  before  the  Society,  and  were  much  admired  as 
specimens  of  what  may  be  done  when  the  art  has  been  further  carried 
out.  The  author  states  that  these  prints  are  not  so  true  to  nature 
as  the  original  picture,  because  in  order  to  etch  deep  enough  to  re«> 
ceive  the  printing  ink,  some  of  the  fine  lines  will  blend.  This  will 
not  practi(^y  be  an  objection  to  the  process,  because  no  lines  are 
.  lost  except  those  which,  if  present,  could  not  be  appreciated.  One 
very  important  application  of  the  art  is  to  etch  very  delicately  a 
picture,  and  to  taJce  from  this  perftct  etching  electrotype  copies. 
These  are  so  true  tiiat  the  author  actually  read  on  one,  by  micro* 
scopic  aid,  five  lines  of  inscription  on  a  sur&ce  1-lOth  by  6-lOOdths 
of  an  inch.  The  following  are  the  concluding  words  of  this  com- 
munication : — "  I  transmit  with  this  paper  some  speoimdiis  of  en- 
gravings of  the  etched  plates,  and  of  electrotypes  taken  from  them ; 
and  in  conclusion  would  call  attention  to  the  remarkable  instance 
which  these  offer  of  the  effects  of  the  imponderable  upon  .the  pon- 
derable. Thus,  instead  of  a  plate  being  inscribed  as  '  drawn  by  Land- 
seer  and  engraved  by  Cousins,'  it  would  be  '  drawn  by  Light  and 
engraved  by  Electricity.'  ** 

The  business  of  the  evening  terminated  by  the  reading  of  Mr. 
Weekes's  Monthly  Journal  of  the  electric  state  of  the  atmosphere. 

ROYAL  IRISH  ACADEMY. 

Abstract  of  Obtervations  on  the  Origin  of  Audible  Sounds.  By 
RoBBaT  Kakb«  M,D,^ 

Nov.  30,  1840. — ^Dr.  Kane  read  a  paper  "  On  the  Production  of 
Audible  Sounds,"  of  which  the  following  is  an  abstract. 

The  sensation  of  sound  is  produced  upon  the  ear  by  the  tym- 
panum being  thrown  into  vibratory  motion,  isochronous  with  the 
vibrations  transmitted  from  the  sounding  body. 

•  From  the  Proceeding!  of  the  Royal  Irish  Academy. 
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Any  body  which  vibrates  as  a  single  mass  gives  origin  at  tiie 
same  moment  to  two  waves,  whose  motions  are  in  opposite  direc* 
tions,  and  of  which  one  is  rarefied  and  the  other  condensed. 

If  these  two  arrive  at  the  tympanum  at  the  same  moment  and  with 
equal  power,  perfect  neutralization  should  result,  and  no  soond  be 
heard :  hence,  where  a  vibratory  body  produces  upon  the  ear  ti>e 
sensation  of  sound,  it  arises  from  one  wave  of  the  two  being  either 
totally  intercepted,  or,  at  least,  diminished  in  force,  and  the  loudness 
of  the  sound  is  proportional  to  the  difference  of  the  intensity  of  the 
two  waves  when  they  affect  the  ear. 

All  instruments  for  increasing  sound,  and  producing  resonance, 
act  upon  this  principle. 

The  following  facts  will  illustrate  these  principles  in  detail.  A 
tuning  fork  is  a  centre  of  four  waves,  two  +  and 
two  — ,  but  unless  it  be  very  dose  to  the  ear,  no 
sound  is  heard  from  it;  because  the  centre  of  all 
the  four  waves  being  very  close,  all  act  on  the 
ear  with  equal  force,  and  the  difference  is  0  (ap- 
proximately). 

Now,  if  an  open  tube,  of  the  same  length  as  a 
one-phase  wave  from  the  fork,  be  approached  to 
one  centre,  as  A,  in  the  adjoining  figure,  the  air  in  it  commences 
to  vibrate  in  unison  with  the  fork,  from  being  set  in  motion  by  the 
first  wave  which  passes  into  it : 
the  vibration  of  the  tube  is, 
however,  a  phase  behind  that 
of  the  fork,  and  hence,  when 
a  —  wave  passes  frt)m  the  cen- 
tre A,  it  meets  a  +  wave  from 
the  end  of  the  tube  E,  and  both 
are  destroyed.  The  —centre,  C, 

destroys  also  a  +  centre,  as  D,  and  there  remain  only  the  centres  of 
+  waves,  B  from  the  fork,  and  F  from  the  tube,  and  these  acting 
in  concert  on  the  tympanum  produce  the  sound  that  we  hear. 

If  the  tube  be  dosed,  and  of  only  one-half  the  length,  the  + 
wave,  which  emanates  from  the  centre  A,  passes  in,  and  being  re- 
flected from  the  bottom,  issues  again  at  the  moment  when  the  next 
—  wave  from  A  is  about  to  enter ;  E  and  A  then  destroy  each 
other,  and  C  and  D  also  interfering, 
there  results  only  the  +  wave  B, 
which  acts  unimpeded  on  the  ear. 
The  sound  of  an  open  tube  is,  there- 
fore, ceteris  paribus,  much  stronger 
than  that  of  a  closed  tube,  as  there 
are  two  waves  in  place  of  one. 

That  the  ofiice  of  closed  tubes,  when  resonant,  is  to  destroy  a 
portion  of  the  sound  of  the  original  vibrating  body,  and  of  the  open 
tubes  to  afford,  in  addition  to  &at,  a  new  centre  of  a  wave  of  the 
same  phase  as  that  which  remains^  may  be  exhibited  in  many  ways. 
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Thus,  Mr.  Adams  showed  long  since,  that  when  two  closed  tubes 
are  placed  at  right  angles  to  each  other,  they  interfere  when  made 
to  speak  to  a  tuning  fork,  and  for  this  effect  no  explanation  has 
hitherto  been  given.  But  it  is  evident  that  the  tubes  being  at  right 
an^es  to  each  other,  the  waves  destroyed  are  in  opposite  phases, 
and  those  which  remain  are  in  opposite  phases 
also,  so  that  the  effect  is  the  same  as  if  no 
tubes  were  present  at  all.  The  same  effect 
may  be  produced  by  a  single  tube,  bent  so  that 
its  apertures  may  be  at  right  angles  to  each 
other;  the  —  and  +  waves,  D  and  C,  meeting 
in  the  tube,  produce  neutralization,  and  the 
waves  A  and  B,  also  -f  and  — ,  which  remain, 
interfere  also,  and  hence  no  sound  results.  In 
an  open  tube  bent  into  a  circle,  as  in  the  figure, 
the  two  waves  destroyed  (A  C)  are  of  the  same 
phase,  and  also  those  which  remain  (b  D),  and  hence  such  a  tube 
sounds  with  nearly  double  the  power 
of  an  ordinary  open  tube,  lliat  it 
is  the  sound  of  Uie  waves  which  do 
not  go  into  the  tube,  and  not  that 
of  the  waves  in  the  tube,  we  hear, 
may  be  shown  by  applying  two 
closed  tubes,  as  in  the  next  figure. 
When  the  two  —  waves  are  ab- 
sorbed by  the  circular  open  tube, 
each  closed  tube  absorbs  a  +  wave, 
and  hence,  notwithstanding  that 
there  is  so  much  vibrating  material, 
no  sound  is  heard.  But  S  the  tubes 
A  and  B  were  open,  then  the  vi- 
brating centres  should  have  been 
simply  transferred  to  their  further 
extremities,  and  the  tubes  would 
emit  sound  as  the  fork  had  done 
without  them  in  the  preceding 
figure. 

If  the  open  tube  be  doable  the 
length  of  a  phase,  then  the  neutral- 
ization occurs  as  in  the  figure,  the  re*- 
sidual  waves  being  B  and  F,  in  opposite  phases ;  but  as  their  cen- 
tres are  separated  so 
far,    they     interfere 
only  in  hyperboloidal 
planes,  which  are  not 
detected  unless  when 
carefiiUy  sought  for, 
but  have  been  noticed 
to  exist  by  Savart,  although  he  did  not  suspect  their  cause. 
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All  these  principles  have  reoeiyed  very  full  verificfttioii  from  an 
instrument  constructed  for  the  purpose,  and  termed  a  ChoriMopkone. 
It  consists  of  a  square  glass  plate,  which  is  placed  aboFe  a  set  of 
closed  tubes  of  such  size,  that  when  the  plate  vibrates  in  four  pieces* 
with  diagonal  nodal  lines,  the  length  of  each  tube  is  hall  the  length 
of  the  phase  of  the  wave  produced,  and  their  form  is  triangular,  of 
the  magnitude  of  one  of  the  four  vibrating  portions  of  the  pli^ ; 
when  one  of  these  tubes  is  presented  to  the  plate,  and  this  brought 
to  vibrate  by  a  violin  bow  applied  to  the  centre  of  one  of  the  si&s» 
the  tube  resounds,  and  more  loudly  in  proportion  as  the  plate  is 
brought  nearer  to  its  orifice.  Now  here  the  entire  wave  from  the 
plate  is  caught  by  the  tube,  and  the  more  perfectly  its  escape  into 
the  air  is  prevented,  the  louder  is  the  sound  produced,  the  sound 
must  arise  therefore  from  the  waves  which  do  not  pass  into  the 
tube.  Any  one  or  more  waves  may  thus  be  absorbed  by  the  closed 
tubes,  and  a  range  of  loudness  of  sound  produced  from  the  same 
plate  with  one  or  more  of  the  four  tubes,  according  as  they  are  dis- 
posed as  follows : — 

The  vibrating  plate  gives  eight  waves,  four  above  and  four  below# 
4  being  +  and  4  ^. 

Wi&  one  tube,  one  wave  is  absorbed,  and  3  +  and  3  —  destroying 
each  other,  a  wave  remains  opposite  in  phase  to  that  which  is  ab* 
sorbed,  and  produces  an  audible  sound. 

WiUi  two  tubes,  the  waves  absorbed  may  be  either  of  opposite 
or  of  the  same  phases.  If  opposite,  then  the  remaining  waves  ace 
3  -f-  and  3  — ,  and  no  sound  is  produced;  but  if  the  waves  ab- 
sorbed be  of  the  same  phase  as  + »  then  there  remains  4  '-  and  2 
•f ,  and  hence  the  ear  is  doubly  affected  by  3  —  •  The  two  tubes 
maybe  either  both  above  or  both  below,  or  one  above  andonebdov 
the  plate. 

With  three  tubes,  the  absorbed  waves  may  be  either  all  of  the  same 
phase,  or  two  of  one  and  one  of  the  other.  In  the  first  instanoet,  3  + 
being  absorbed,  there  remuns  4  •—  and  1  — ,  and  the  ear  receives 
the  impulse  of  3  ~ .  In  the  other  case  3  +  and  1  —  being  absorbed* 
there  remdns  2  +  and  3 — ,  and  the  impulse  on  the  ear  is  only  1  — • 
The  position  of  the  tubes  may  vary  in  this  as  in  the  former  case. 
With  four  tubes,  the  absorption  may  be  either  all  of  the  samQ 
phase,  or  2  +  and  2  — .  In  the  former  dase,  the  remaining  waves 
will  be  either  4  +  or  4  ~,  in  which  case  the  greatest  sound  the 
plate  can  produce  is  heard,  or  dse  there  remain  2  -f  and  2  — ,  in 
which  case  the  plate  gives  no  sound.  These  results  prove  frilly 
that  it  is  the  residual  sound  that  is  heard,  and  not  that  which  passes 
into  the  tube. 

A  vibrating  plate  ^ves  some  sound  always,  even  without  the 
tubes,  for  since  there  are  at  least  eight  waves,  some  one  will  alwaya 
be  more  favourably  disposed  for  acting  on  the  ear  than  another  t  Uua 
difference  will  increase  with  the  number  of  waves ;  and  hence  the 
independent  sound  of  a  plate  increases  in  proportion  as  the  idbratuig 
portions  into  which  it  divides  become  more  numerous. 
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A  string  vibrating  in  free  space  produces  little  or  no  sound ;  but 
if  it  be  strung  oyer,  or  in  connexion  with,  an  elastic  board  or  box, 
a  great  resonance  is  produced.  This  arises  from  two  sources ;  first, 
the  string  when  by  itself  is  the  centre  of  two  waves  excessively 
close,  and  the  action  of  which  is  therefore  interfering.  But  if  the 
string  A  B  vibrate  near  a  plane  sur&ce  C, 
the  wave  -^  1,  which  passes  towards  it,  is  re» 
fleeted  back,  and  meeting  the  wave  -f  2, 
-which  ibUows,  it  neutralizes  it  partly,  and 
enables  the  wave  —  2  to  reach  the  ear  with- 
out diminution.  It  is  probable,  however,  that 
the  great  portion  of  the  sound  arises  from  the 
hoard  or  plate  itself  vibrating  in  parts,  or  as  a 
whole.  If  in  parts,  these  parts  are  variously 
situated,  as  re^urds  the  ear,  and  hence  produce 
an  e£fect  upon  it.    Or  if,  as  a  whole,  the  plate  B 

C  is  so  broad,  or  bounded,  if  a  box,  that  one 
wave  is  lost  by  internal  reflexion,  and  only  the  wave  emanating 
from  the  outer  surfieuse  can  arrive  at  the  ear. 

When  a  tuning  fork  is  placed  on  a  table,  one  wave  is  lost  by  in- 
ternal transmission  and  reflexions,  whilst  that  directed  from  the 
outer  surface  reaches  to  the  ear. 

In  the  case  of  reed  instruments,  the  reed  produces  two  waves. 
Which,  if  it  vibrated  freely*  should  neutralize  each  other  on  the  ear ; 
but  in  practice  whilst  an  open  passage  is  allowed  to  one  by  the 
mouth-piece,  the  other  wave  is  lost  within  the  cavities  of  the  lips 
and  mouth.  In  mouth-piece  instruments,  as  bugles  and  trumpets, 
the  cavity  of  the  mouth  serves  also  for  the  absorption  of  the  one 
vrave,  leaving  the  other  free  to  act. 


A 

c 

-r-     -• 

+  1  - 

.-.J)-? 

^« 

XXXVI.   Intelligence  and  Miscellaneous  Articles. 

ACTIOV  OF  SULPUUtllC  ACID  ON  NITRATB  OF  AMMONIA.     BY 
M.  PELOUZE. 

WHEN  sulphuric  add  and  nitrate  of  ammonia  are  mixed  at 
common  temperatures,  no  phnnomena  occur  which  might 
not  be  expected,  whatever  may  be  die  properties  employed,  that  is 
to  say,  reagents  indicate  the  presence  of  ammonia,  sidphuric  acid 
and  nitric  acid. 

If  the  mixture  contain  water  and  be  submitted  to  distillation, 
nitric  acid  and  the  sulphate  of  ammonia  indicated  by  theory  are  ob- 
tained. When*  oa  the  contrary,  the  nitric  of  ammonia  is  deprived 
of  water,  and  it  is  heated  in  fifty  times  its  weight  of  concentrated 
sulphuric  acidi  the  mixture  yields,  at  about  302^  Fahrenheit,  a  very 
considerable  quantity  of  nitrous  oxide ;  water  in  formed,  which  com- 
bines witli  the  sulphuric  acid,  and  neither  nitric  acid  nor  ammonia 
exists  in  the  product  ai  this  reactum*  The  nitrate  of  ammonia  be- 
haves under  these  circumstances  as  it  does  when  merely  heated,  and 
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it  aflFords  the  only  example  of  a  nitrate  which  does  not  yield  nitric 
acid  by  the  action  of  sulphuric  acid,  and  at  the  same  time  give  up 
its  base  to  this  acid,  more  fixed  and  energetic  than  nitric  add. 

When  the  proportion  of  sulphuric  add  is  most  diminished,  opera- 
ting, for  example,  with  ten  parts  to  one  of  nitrate  of  ammonia,  about 
three-fourths  of  the  salt  are  decomposed  into  nitric  acid  and  am- 
monia, and  one-fourth  into  nitrous  oxide  and  water.  By  graduatty 
diminishing  the  proportion  of  sulphuric  acid,  but  little  nitrous  oxicte 
is  obtained,  so  that  with  one  equivalent  of  nitrate  of  ammonia  and 
two  equivalents  of  sulphuric  acid,the  phsenomena  coincide  with  those 
of  the  decomposition  of  a  salt  by  a  more  fixed  add. 

When  a  mixture  of  nitrate  of  ammonia  and  a  large  excess  of  sul- 
phuric acid  is  heated  only  between  about  200°  and  250°  Fahr.  in- 
stead of  322°  Fahr.,  nitric  add  dbtils,  but  without  the  production 
of  any  nitrous  oxide.  When  nitrite  of  ammonia  is  heated  with  a 
great  proportion  of  concentrated  sulphuric  add,  it  is  converted  as 
by  the  mere  action  of  heat  into  azote  and  water. 

It  appears  from  the  preceding  statements,  that  very  difi^nt  re- 
sults are  obtained  by  varying  the  proportions  of  nitrate  of  ammonia, 
sulphuric  acid,  the  quantity  of  water  and  the  temperature  employed. 
— Journal  de  Phamutcie,  t.  xxvii.  p.  271. 

PREPARATION  OF  AZOTIC  GAS.      BY  M.  PELOUZE. 

M.  A.  Rose  has  observed  that  monohydrated  sulphuric  acid  com- 
bines directly  with  nitric  oxide,  and  absorbs  very  considerable  quan- 
tities of  it.  Sulphate  of  ammonia  being  heated  in  this  compound 
to  about  322^  Fahr.,  pure  azote  gas,  perfectiy  unmixed  nitrous 
or  nitric  oxide,  was  obtained.  This  experiment  was  varied  by 
passing  nitric  oxide  gas  into  concentrated  sulphuric  acid  mixed  wiUi 
sulphate  of  ammonia,  and  heated  from  about  300°  Fahr.  to  392^. 
The  nitric  oxide  was  decomposed  as  in  the  preceding  experiment, 
and  pure  azotic  gas  was  obtained ;  it  is  mixed  with  nitric  oxide  only 
when  the  disengagement  is  too  rapid.  M.  Pelouze  is  of  opinion 
that  this  method  of  preparing  azotic  gas  may  be  advantageously  em- 
ployed. ...___ 

CONCENTRATION  OF  NITRIC  ACID  BY  MEANS  OF  SULPHURIC 
ACID.      BY  M.  PELOUZE. 

It  is  stated  in  different  chemical  treatises,  that  concentrated  sul- 
phuric acid  decomposes  nitric  acid  into  water,  with  which  it  com- 
bines, and  h3rponitrous  acid.  M.  Pelouze  doubted  the  accuracy  of  this 
statement,  and  was  convinced  that  it  was  erroneous,  by  observing 
nitric  acid  distil  from  a  mixture  of  nitrate  of  ammonia  with  great  ex- 
cess of  sulphuric  add  at  212°. 

500  parts  of  concentrated  sulphuric  acid  were  jnixed  with 
100  of  nitric  acid  of  specific  gravity  1*448 ;  the  mixture  was  slowly 
distilled,  and  yielded  88  parts  of  nitric  add  of  specific  gravity  1*520 ; 
this  product,  freed  from  red  vapour  by  a  gentie  heat,  was  mixed  with 
six  and  a  half  times  its  weight  of  concentrated  sulphuric  acid,  un- 
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accompanied  with  any  sensible  increase  of  temperature.  The  mix* 
tare  was  colourless,  and  yielded  very  dense  white  vapours  of  nitric 
acid.  When  heated  to  a  temperature  which  never  exceeded  302^, 
and  was  kept  as  near  as  possible  to  212^,  82  parts  of  nitric  acid  of 
specific  gravity  1*520  were  distilled ;  its  density  remained  1*520,  and 
its  boiling  point  was  from  185^  to  188^  Fahrenheit. 

A  third  rectification  with  sulphuric  acid  effected  no  change  either 
in  the  properties,  density  or  colour  of  the  nitric  acid.»-Jotinia/  de 
Pkarmaeiet  t.  zxvii.  p.  275.     

COMPOSITION  OF  SUGAR  OF  OBLATIN. 

M.  Boussingault  observes,  that  the  existence  of  sugar  of  gelatin 
discovered  by  M.  Braconnot  had  been  questioned  by  several  chemists. 
It  was  obtained  by  him  by  acting  on  ^ue  with  sulphuric  acid ;  and 
on  following  his  directions  M.  Boussingault  obtained  the  sugar 
in  question,  and  leucin.  The  composition  and  constitution  of  &s 
sugar,  according  to  M.  Boussingault,  are,— 

By  experiment.        By  calculation. 

Hydrogen 644  6-36  H»« 

[Carbon 83-85  34-  C" 

Oxygen 39-71  3959  O'* 

Azote    20-  20-05  N^ 


100-00  100-00 

Sugar  of  gelatin  is  readily  combined  with  oxide  of  silver ;  the  com* 
pound  forms  colourless  crystals,  which  are  but  slightly  soluble  in  cold 
water.   They  consist  of 

Hydrogen    121 

Carbon 13-66 

Oxygen    12*31 

Azote  807 

SUver   63-95 992 

Sugar  of  gelatin  combines  also  with  the  oxides  of  copper  and  of  lead ; 
these  two  compounds  are  very  soluble  in  water ;  the  cupreous  com- 
pound is  a  crystalline  mass  of  an  azure  blue  colour ;  that  of  oxide 
of  lead  crystallizes  in  fine  colourless  needles ;  its  solution  is  totally 
decomposable  by  carbonic  acid.  The  composition  of  both  these 
compounds  is  analogous  to  that  of  the  silver  compound. — Journal  de 
Pharmacie,  t.  xxvii.  p.  35.      ________ 

LACTATE  OF  UREA  IN  URINE. 

MM.  Cap  and  Henry  some  time  since  expressed  it  as  their  opinion 
that  urea  existed  in  urine,  combined  with  lactic  acid,  and  probably 
also  the  phosphoric ;  the  correctness  of  these  opinions  having  been 
questioned  by  M.  Lecanu,  the  authors  have  again  investigated  the 
subject,  and  they  are  of  opinion  that  the  following  experiments  de- 
monstrate the  accuracy  of  their  statement. 

When  fresh  human  urine  is  evaporated  to  about  five-sixths  of  its 
bulk,  at  a  temperature  not  exceeding  248®  Fahr.,  there  is  obtained. 


Digitized 


by  Google 


254  InteUigenee  and  Miscettaneaus  Arlieles. 

on  cooling,  a  bright,  brownish,  very  acid  liquor,  which  must  be  care- 
fully filtered  to  deprive  it  of  a  deposit  of  a  dirty  white  colour,  formed 
during  concentration.  The  liquid  is  again  evaporated,  with  a  gentle 
heat,  to  the  consistence  of  a  syrup,  and  then  nearly  to  dryness,  tii 
vacuo,  over  some  substance  powerfully  attractive  of  water.  The  re- 
sidue is  to  be  put  into  a  stoppered  glass  bottle,  and  there  are  to  be 
added  to  it  cold,  ten  or  twelve  times  its  weight,  of  a  mixture  of  two 
parts  of  sulphuric  aether  and  one  part  of  rectified  alcohol ;  it  is  to  be 
often  shaken,  and,  after  some  days,  the  liquid,  which  has  acquired 
an  amber  colour,  is  to  be  poured  off;  this  liquid  is  very  acid,  and  is 
to  be  shaken  in  a  bottle,  with  a  slight  excess  either  of  the  carbonate 
of  lime,  of  zinc,  or  of  barytes,  or  bicarbonate  of  potash.  FVom  their 
reaction  effervescence  results,  and  there  are  produced  lactate  and 
phosphate  of  lime,  zinc,  barytes,  or  potash,  by  the  saturation  of  the 
fret  lactic  and  phosphoric  acid,  which  the  urine  contains. 

The  liquid  sethereiEd  portion,  again  filtered  and  exposed  to  a  very 
gentle  heat,  soon  yields  in  bol^  cases,  very  fine  prisnmtie  erystala  of 
lactate  of  urea,  perfectly  similar  to  those  artifioially  prepared.  These 
crystals  are  long  transparent  hexagonal  prisms,  have  a  sharpish  taste, 
are  volatile  at  a  moderate  heat,  entirely  decomposed  when  heated  to 
redness  on  platinafoil,  very  soluble  in  water,  alcohol,  and  alcoholized 
sether,  but  less  so  in  sulphuric  sether.  They  attract  moisture  from 
the  air  powerfully,  dissolve  entirely  in  it,  and  form  a  bright  coloured 
solution,  which,  when  gently  heated,  again  furnishes  crystals.  Oxalic 
and  nitric  acids  form»  when  added  to  the  solution,  either  laminated 
crystalline  precipitates,  or  pearly  acicular  crystals.  Hydrate  of  lime 
does  not  disengage  ammonia,  as  immediately  occuxa  wiUi  ammoniacal 
salts.  In  order  to  determine  the  state  of  combination  of  the  lactic 
acid  with  the  urea,  the  following  experiments  were  made : — A  quan* 
tity  of  the  crystals  obtained  by  the  spontaneous  evaporation  of  alco- 
holized sethereal  liquor,  were  pressed  on  filtering  paper,  and  divided 
into  three  equal  portions,  A,  B,  C. 

A.  These  crystals,  dissolved  in  pure  water,  were  slightly  heated 
with  an  excess  of  hydrate  of  zinc,  recentiy  prepared  and  dried  by 
exposure  to  the  air.  The  mixture  was  care^y  evaporated  to  dry- 
ness, and  treated  with  hydrated  sulphuric  aether,  which  dissolved  the 
urea,  and  yielded  it,  after  evaporation  in  the  air,  in  crystals  which 
were  not  hygrometric.  The  residue,  not  acted  upon  by  this,  was 
treated  with  hot  distilled  water,  filtered  and  evaporated  on  a  sand 
bath.  This  operation  yielded  white  acicular  styptic  crystals  of  lactate 
of  zinc. 

B.  Another  portion  of  the  crystals  was  treated  with  a  solution  of 
barytes ;  it  was  evaporated  to  dryness,  and  treated  successively  with 
sulphuric  aether  and  weak  alcohol.  The  aether  dissolved  the  pure 
urea,  and  the  alcohol  dissolved  the  dry  lactate  of  barytes ;  it  was 
very  soluble,  decomposable  by  heat,  and  precipitated  sulphates  like 
other  barytic  salts. 

C.  Lastly,  to  the  third  portion  of  the  crystals,  dissolved  in  a  small 
quantity  of  water,  oxalic  acid  was  added  till  the  crystalline  precipi- 
tation of  oxalate  of  urea  ceased.    Hie  solution  waa  carefully  evapo- 
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rated  to  dnmeMt  and  the  product  was  subjected  to  the  action  of 
i^ther  mixed  with  a  fifth  of  rectified  alcohol. 

The  liquid,  treated  with  excess  of  carbonate  of  lime,  was  left  in 
contact  in  the  cold  with  alcohol.  Hot  distilled  water  was  afterwards 
shaken  with  the  undissolved  residue,  and  after  having  been  filtered, 
evaporation  was  carefully  conducted.  The  product  of  this  last  ope- 
ration was  a  soluble  salt,  which  crystallized  on  standing,  and  pos- 
sessed all  the  well-known  characters  of  lactate  of  lime.  If  exoess 
of  nitric  acid  be  used  instead  of  oxalic  acid,  oxalate  of  lime  is  obtained 
instead  of  lactate,  for  the  nitric  acid  converts  the  lactic  into  oxalic 
add. 

MM.  Cap  and  Henry  observe,  that  it  appears  to  them  evidently  to 
result  from  the  preceding  experiments,  that  after  having  separated 
the  microcosmic  salt  from  the  evaporated  urine,  and  saturated  the 
lactic  and  phosphoric  acid  in  excess,  and  having  obtained  a  crystal- 
lized product  by  the  intervention  of  alcoholized  aether,  in  which  pro- 
duct M.  Lecanu  admitted  the  presence  of  lactic  acid  and  urea ;  that 
these  crystals  ha^e  the  form  and  characters  very  distmct  firom  those 
which  belong  to  pure  urea,  and  that  they  perfectly  resemble  those 
procured  by  the  direct  action  of  lactic  acid  on  urea ;  lastly,  that 
the  hydrates  of  zinc,  barytes,  lime  and  oxalic  acid,  occasion  in  these 
crystals  the  production  of  lactates  of  zinc,  iMuytes  and  lime,  and 
separate  hictic  acid ;  they  observe  that  it  is  impossible  to  demon- 
strate in  a  more  direct  manner  the  existence  of  a  compound  of  these 
two  principles.— Jonmo/  de  Pharmacie,  xxvii.  356. 


METBOROLOGIOAL  OBSERVATIONS  FOR  JULY  1841. 

CMnoidk. — July  1.  Orercast.  2.  Haiy:  OTercut  and  fine:  alight  nUn,  8. 
Haiy  and  mild :  rerj  fine.  4,  5.  Very  fine.  6.  Rain :  fine.  7.  Fine :  rain. 
8.  Fine:  cleer.  9.  Very  fine,  la  Fine:  zain.  11.  Overcast.  IS.  Cloudy 
and  mild.  13.  Cloudy.  14.  Showery.  15.  HeaTy  thunder-ahowers :  conatant 
heavy  rain.  16.  Cloudy.  17,  IS.  Fine.  19.  Very  fine.  20.  Heavy  rain.  SI. 
OTercaat:  ndn.  SS.  Cloudy.  SS.  Cloudv  and  fine.  84,  85.  Cloudy.  86,87. 
Light  baie ;  .fine.  88.  Cloudy.  88*  Cold  and  dry:  cloudy:  alight  tain.  SO. 
Fine  but  cool.  81.  Rain :  cloudy^— The  quantity  of  rain  which  tm  on  the  I5th 
waa  unuauaUy  great,  amounting  to  nearly  an  inch  and  a  half  in  the  courae  of 
the  twenty-fbur  noun.  a 

So$ion, — July  1.  Rain.  3.  Cloudy.  S.  Fine.  4.  Cloudy:  rain  r.ic.  5« 
Cloady.  6.  Rain  and  atormy:  rain  early  a.m.:  rain  roc  7.  Cloudy :  rain  p.m. 
8.  Fine.  9.  Cloudy:  rain  r.ic  la  Fine:  rain  early  a.ic.  II.  Cloudy.  !?• 
FuM:  rain  v.v.  IS.  Cloudy:  rain  r.M.  14.  Fine.  15,  16.  VinB:  rain  r.w* 
17.  Fine.  18«  Cloudy:  rain  r.M.  19.  Fine :  rain  r.]C  aa  Rain:  rainy  day. 
21.  Cloudy :  rain  r.M*  88.  Cloudy :  rain  r.ic,  with  thunder  and  lightning.  S3. 
Cloady  t  rain  p.ic.  84-^88.  Cloudy.  89.  Cloudy  and  atormy :  lain  a.x.  and 
r.M.    so.  Fine.    81.  Cloudy:  thunder  and  lightning  p.k. 

jimlegarth  Mame,  Dumfriei'ikire. — July  1.  Fine:  one  abower.  8.  Fine  and 
fair,  out  cloudy.  3.  Sunshine  and  rain.  4.  Slight  ahowcra.  5.  Rain  all  day. 
6.  Fair  and  fine.  7.  Cloudy  A.if. :  fine  r.if.  &  Fine:  one  ahower.  9.  The 
same.  10.  Wet  afternoon.  11.  Slight  ahowen.  IS.  Slight  ahowera,  but  heavier, 
is.  Heavy  ahowera :  thunder.  14.  Incessant  ahowers.  15.  Heavy  rain  till  noon, 
16.  Fair  and  fine.  17.  Fair  but  threatening.  18.  Fair  and  warm :  thunder. 
19.  Fine  with  a  few  drcpa.  90^  81.  Rain  p.m.  SS.  SUght  ahowerk  SS.  Cloudy 
but  fair.  24.  Fine  all  day.  85.  Remarkably  fine.  86.  Showen.  S7.  Showan 
V.1C  88.  One  aUg^t  ahower.  39.  Fair  throughout.  80.  Fair  bol  tfaresteaiiif. 
91.  Fair  with  •  f«w  dropa, 
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XXXVII.  On  a  remarkable  Bar  of  Sandstone  offPemam^ 
buco^  on  the  Coast  of  Brazil.  By  C.  Darwin,  Esq.^  M.A.y 
F.R.  4-  G.S* 
IN  entering  the  harbour  of  Pernambucoy  a  vessel  passes 
-*-  close  round  the  point  of  a  long  reef,  which,  viewed  at  high 
water  when  the  waves  break  heavily  over  it,  would  naturally 
be  thought  to  be  of  coral-formation,  but  when  beheld  at  low 
water  il  might  be  mistaken  for  an  artificial  breakwater,  erected 
by  Cyclopean  workmen.  At  low  tide  it  shows  itself  as  a  smooth 
level-topped  rid^e,  from  thirty  to  sixty  yards  in  width,  with 
even  sides,  and  extending  in  a  perfectly  straight  line,  for 
several  miles,  parallel  to  the  shore.  Off  the  town  it  includes 
a  shallow  lagoon  or  channel  about  half  a  mile  in  width,  which 
further  south  decreases  to  scarcely  more  than  a  hundred  yards. 
Close  within  the  northern  point  ships  lie  moored  alongside 
the  reef  to  old  guns  let  into  it. 


Transverse  section :  vertical  heights  considerably  exaggerated. 

A.  Level  of  the  sea  at  low  water. 

B.  Subsided  masses,  thickly  coated  with  Serpule,  &c. 

r  Summit  of  the  bar,  which  generally  slopes  a  little  seaward ;  but 

C.  •<    the  slope  in  the  woodcut  has  been  unintentionally  somewhat 
L  increased. 

D.  Subsided  masses  of  bare  sandstone. 
B.  Surface  of  the  harbour  or  lagoon. 

*  Communicated  by  the  Author. 
Phil.  Mag.  S.  8.  Vol.  19.  No.  124.  Oct.  1841.         S 
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258  Mr.  Darwin  on  a  remarkable 

The  accompanying  woodcut  represents,  at  low  water  spring 
tides,  a  transverse  section  of  the  northern  part  of  the  bar, 
where  a  section  of  about  seven  feet  in  height  is  exhibited  on  the 
inner  side.  It  consists  of  a  hard  pale-coloured  sandstone,  break- 
ing with  a  very  smooth  fracture,  and  formed  of  siliceous  grains, 
cemented  by  calcareous  matter.  Well-rounded  quartz  pebbles, 
from  the  size  of  a  bean,  rarely  to  that  of  an  apple,  are  im- 
bedded in  it,  together  with  a  very  few  fragments  of  shells. 
Traces  of  stratification  are  obscure,  but  there  was  an  included 
layer  in  one  spot  of  stalactitic  limestone,  an  eighth  of  an  inch  in 
thickness.  In  another  place  some  false  strata,  dipping  land- 
wards at  an  angle  of  45%  were  capped  by  a  horizontal  mass. 
On  each  side  of  the  ridge  quadrangular  fragments  have  sub- 
sided, as  shown  in  die  woodcut;  and  the  whole  mass  is  in  some 
places  fissured,  apparently  from  the  washing  out  of  some  soft 
underlying  bed.  One  day,  at  low  water,  I  walked  a  full  mile 
along  this  singular,  smooth,  and  narrow  causeway,  with  water 
on  both  sides  of  roe,  and  could  see  that  for  nearlv  a  mile 
further  its  form  remained  unaltered.  In  Baron  Roussin's 
beautiful  chart  of  Pernambuco  {Le  Piloie  du  BrisU)  it  is  re- 
presented as  stretching  on,  in  an  absolutely  straight  line,  for 
several  leagues ;  how  far  its  composition  remains  the  same,  I 
know  not;  out  from  the  accounts  I  received  from  intelligent 
native  pilots,  it  seems  to  be  replaced  on  some  parts  of  the 
coast  by  true  coral  reefs. 

The  upper  surface,  though  on  a  large  scale  it  must  be 
called  smooth,  yet  presents,  from  unequal  disintegration,  nu- 
merous small  irregularities.  The  larger  imbedded  pebbles 
stand  out  supported  on  short  pedestals  of  sandstone.  There 
are,  also,  many  sinuous  cavities,  two  or  tliree  inches  in  width 
and  depth,  and  from  six  inches  to  two  feet  in  length.  The 
upper  edges  of  these  furrows  sometimes  slightly  overhang 
their  sides ;  they  end  abruptly,  but  in  a  rounded  form.  One 
of  the  furrows  occasionally  branches  into  two  arms,  but  ge- 
nerally they  are  nearly  parallel  to  each  other,  and  placed  in 
lines  transverse  to  the  sandstone  ridge.  I  know  not  how  to 
account  for  their  origin,  without  they  be  formed  by  the  surf, 
as  it  daily  breaks  over  the  bar,  washing  to  and  fro  pebbles  in 
depressions,  originally  only  slight.  Opposed  to  this  notion  is 
the  fact,  that  some  of  them  were  lined  with  numerous  small 
living  Actinece.  I  have  copied  this  passage,  as  I  at  the  time 
wrote  it,  because  furrows  of  a  somewhat  similar  nature  on  the 
surface  of  rocks  have  lately  received  much  attention,  and  are 
supposed  invariably  to  indicate  the  former  action  of  a  water- 
fall, over  the  edge  of  a  moving  glacier. 

The  exterior  part  of  the  bar  is  coated  with  a  thin  layer  of 
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ealcareous  matter ;  this,  on  the  outer  subsided  masses,  which 
can  only  be  reached  between  the  sucoessivelv  breaking  waves 
at  low  water,  is  so  thick,  that  I  could  seldom  expose  the 
sandstone  with  a  heavy  hammer.  I  procured,  however,  some 
fraffmeiits  where  the  layer  was  between  three  and  four 
inches  in  thickness;  it  consists  chiefly  of  small  SerpuUe^ 
including  some  Balani^  and  a  few  very  thin  paper-like  layers 
of  a  NuUipora.  The  surface  alone  is  alive,  and  all  within 
consists  of  the  above  organic  bodies  filled  up  with  dirty  white 
calcareous  matter.  The  layer,  though  not  hard,  is  tough, 
and  from  its  rounded  surface  resists  the  breakers.  Along 
the  whole  external  margin  of  the  bar,  I  only  saw  one  very 
small  point  of  sandstone  which  was  exposed  to  the  surf.  In 
the  Pacific  and  Indian  Oceans  the  outer  and  upper  margin 
of  the  coral  reefs  are  protected,  as  will  be  described  in  a 
forthcoming  work,  by  a  very  similar  coating;  but  there  it  is 
almost  exclusively  formed  of  several  species  of  NuUipora. 
Lieut  Nelson,  in  his  excellent  memoir  on  the   Bermudas 

J[Geol.  Trans.,  vol.  v.  part  1.  p.  117),  has  described  reefs, 
ormed,  as  he  states,  but  I  cannot  avoid  suspecting  only  coated, 
by  similar  masses  of  Serpuke.  I  inquired  from  some  old 
pilots,  whether  there  was  any  traditionof  change  in  the  form 
and  dimensions  of  this  sandstone  bar ;  but  they  were  unani- 
mous in  answering  me  in  the  negative.  It  is  astonishing  to 
reflect,  that  although  waves  of  turbid  water,  charged  with 
sediment,  are  driven  night  and  day,  by  the  ceaseless  trade- 
wind,  against  the  abrupt  edges  of  this  natural  breakwater, 
yet  that  it  has  lasted  in  its  present  perfect  state  for  centuries 
or  more  probably  thousands  of  years.  Seeing  that  the  sur- 
face on  the  inner  side  does  gradually  wear  awav,  as  shown  by 
the  pebbles  on  the  sandstone  pedestals,  this  durability  must 
be  entirely  owing  to  the  protection  afforded  by  the  thm  coat- 
ing of  Serptda  and  other  organic  beings :  it  is  a  fine  example, 
how  apparently  inefiicient,  yet  how  effectual,  are  the  means 
of  preservation,  like  those  of  destruction^  which  nature  em- 

plOTS. 

I  believe  similar  bars  of  rock  occur  in  front  of  some  of  the 
other  bays  and  rivers  on  the  coast  of  Brazil :  Baron  Roussin 
states  that  at  Porto  Seguro  there  is  a  *^  may**  similar  to  that 
of  Pernambuco.  Spaces  of  several  hundred  miles  in  length 
on  the  shores  of  the  Gulf  of  Mexico,  the  United  States,  and 
southern  Brazil  are  formed  by  long  narrow  islands  and  spits 
of  sand,  including  very  extensive  shallow  lagoons,  some  of 
which  are  several  leagues  in  width.  The  origin  of  these  linear 
islets  is  rather  obscure:  Prof.  Rogers  (neport  to  British 
Association,  vol*  iii.  p.  19.)  gives  some  reasons  for  suspecting 
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that  they  have  beeki  formed  by  the  upheaval  of  shoals,  depo* 
sited  where  currents  met  These  phenomena,  it  is  very  pro- 
bable, are  connected  in  their  origin  with  the  same  causes 
which  have  produced  the  remarkable  bar  of  sandstone  off 
Pemambuco.  The  town  of  Pemambuco  stands  on  a  low 
narrow  islet  and  on  a  long  spit  of  sand,  in  front  of  a  very  low 
shore,  which  is  bounded  in  the  distance  by  a  semicircle  of 
hills.  By  digging  at  low  water  near  the  town  the  sand  is 
found  consohdated  into  a  sandstone,  similar  to  that  of  the 
breakwater,  but  containing  many  more  shells.  If,  then,  the 
interior  of  a  long  sandy  beach  in  one  part,  and  in  another 
the  nucleus  of  a  bar  or  spit  extending  in  front  of  a  bay  be- 
came consolidated,  a  small  change,  probably  of  level,  but  per- 
haps simply  in  the  direction  of  the  currents,  might  give  rise, 
by  washing  away  the  loose  sand,  to  a  structure  like  that  in 
front  of  the  town  of  Pemambuco,  and  along  the  coast  south- 
ward of  it ;  but  without  the  protection  afforded  by  the  success- 
ive growth  of  organic  beings,  its  duration  would  be  short,  if 
indeed  it  were  not  destroyed  before  being  completely  exhi- 
bited. 


XXXVIII.  On  the  Heat  evolved  by  Metallic  Conductors  of 
Electricity^  and  in  the  Cells  of  a  Battejy  during  Electrolysis. 
By  James  Pkescott  Joule,  Esq.*^ 

1.  npHERE  are  few  facts  in  science  more  interesting  than 
X  those  which  establish  a  connexion  between  heat  and 
electricity.  Their  value,  indeed,  cannot  be  estimated  rightly, 
until  we  obtain  a  complete  knowledge  of  the  grand  agents 
upon  which  they  shed  so  much  light.  I  have  noped,  there- 
fore, that  the  results  of  my  careiul  investigation  on  the  heat 
produced  by  voltaic  action,  are  of  sufficient  interest  to  justify 
me  in  laying  them  before  the  Royal  Society. 

Chap.  I. — Heat  evolved  by  Metallic  Conductors. 

2.  It  is  well  known  that  the  facility  with  which  a  metallic 
wire  is  heated  by  the  voltaic  current  is  in  inverse  proportion 
to  its  conducting  power,  and  it  is  generally  believed  that  this 
roportion  is  exact;  nevertheless  I  wished  to  ascertain  die 
fact  for  my  own  satisfaction,  and  especially  as  it  was  of  the 
utmost  importance  to  know  whether  resistance  to  conduction 
is  the  sole  cause  of  the  heating  effects.  The  detail,  therefore, 
of  some  experiments  confirmatory  of  the  law,  in  addition  to 
those  already  recorded  'in  the  pages  of  science,  will  not,  I 
hope,  be  deemed  supei-fluous. 

*  Communicatedby  the  Author. 
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3.  It  was  absolutely  essential  to  work  with  a  galvanometer, 
the  indications  of  which  could  be  depended  upon,  as  marking 
definite  quantities  of  electricity.     I  bent  a  rocl  of  copper  ipto 

Fig.  i. 


(^~" 

A 

A 

N 

B 

^"   ' 

0 

K 

J 

' 

the  shape  of  a  rectangle  (A  B,  fig.  1.),  twelve  inches  long,  and 
six  inches  broad.  This  I  secured  in  a  vertical  position  by 
means  of  the  block  of  wood  C ;  N  is  the  magnetic  needle^ 
3f  inches  long,  pointed  at  its  extremities,  and  suspended  upon 
a  fine  steel  pivot  over  a  graduated  card  placed  a  little  before 
the  centre  of  the  instrument. 

4.  On  account  of  the  large  relative  size  of  the  rectangular 
conductor  of  my  galvanometer,  the  tangents  of  the  deviations 
of  the  needle  are  very  nearly  proportional  to  the  quantities 
of  current  electricity.  The  small  correction  which  it  is  ne- 
cessary to  apply  to  the  tangents,  I  obtained  by  means  of  the 
rigorous  experimental  process  which  I  have  some  time  ago 
described  in  the  *  Annals  of  Electricity*'. 

5.  I  have  expressed  my  quantities  of  electricity  on  the  basis 
of  Faraday's  great  discovery  of  definite  electrolysis,  and  I 
venture  to  suggest,  that  that  quantity  of  current  electricity 
which  is  able  to  electrolyze  an  atomic  element  expressed  in 
grains  in  one  hour  of  time,  be  called  a  degree.  Now  by  a 
number  of  experiments  I  found  that  the  needle  of  my  galva- 
nometer deviated  33°'5  of  the  graduated  card,  when  a  cur- 
rent was  passing  in  sufficient  quantity  to  decompose  nine 
grains  of  water  per  hour ;  that  deviation,  therefore,  indicates 
one  degree  qfcwrent  electricity  on  the  scale  that  I  propose  to 
be  adopted.  We  shall  see  in  the  sequel  some  of  the  practical 
advantages  which  I  have  had  by  using  this  measure. 

6.  The  thermometer  which  I  used  had  its  scale  graduated 
on  the  glass  stem.  The  divisions  were  wide,  and  accurate. 
In  takuig  temperatures  with  it,  I  stir  the  liquid  gentlv  with 
a  feather ;  and  then,  suspending  the  thermometer  by  the  top 
of  its  stem,  so  as  to  cause  it  to  assume  a  vertical  position,  I 
bring  my  eye  to  a  level  with  the  top  of  the  mercury.     In  this 

*  Vol.  iv.  pp.  131-132,  and  476. 
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way  a  little  practice  has  enabled  me  to  esUmate  temperatures 
to  the  tenth  part  of  Fahrenheit's  degree  with  certainty. 

7»  In  order  to  ascertain  the  heatm^  power  of  a  given  mo? 
taliic  wire,  it  was  passed  through  a  thin  glass  Fig.  2. 
tube,  and  then  closely  coiled  upon  it  xhe 
extremities  of  the  coil  thus  formed  were  then 
drawn  asunder,  so  as  to  leave  a  small  space 
between  each  convolution,  and  if  this  could  not 
be  well  done,  a  piece  of  cotton  thread  was  in* 
terposed .  The  apparatus  thus  prepared,  when 
placed  in  a  glass  jar  containing  a  given  quan- 
tity of  water,  was  ready  for  experiment  Fig. 
2  will  explain  the  dispositions :  A  is  the  coil 
of  wire;  B  the  glass  jar  partly  filled  with 
water;  T  represents  the  thermometer.  When 
the  voltaic  electricity  is  transmitted  through 
the  wire,  no  appreciable  quantity  passes  from 
it  to  take  the  shorter  course  through  the  water. 
No  trace  of  such  a  current  could  be  detected, 
either  by  the  evolution  of  hydrogen,  of  the 
oxidation  of  metal. 

8.  Previous  to  each  of  the  experiments,  the        Iff      I 
necessary  precaution  was  taken  of  bringing    (15_JJ 
the  water  in  the  glass  jar,  and  the  air  of  the     Vq_^ji*^ 
room  to  the  same  temperature*    When  this  is 

accurately  done^  the  results  of  the  experiments  bear  the  same 
proportions  to  one  another  as  if  no  extraneous  cooling  agents^ 
such  as  radiation,  were  present;  for  their  efiects  in  a  given 
time  are  proportional  to  the  difference  of  the  temperaturea  of 
the  cooling  and  cooled  bodies ;  and  hence,  although  towards 
the  conclusion  of  some  experiments  this  cooling  emct  is  venr 
considerable,  the  absoluie  quantities  alone  of  heat  are  afiected, 
not  the  proportions  that  are  venerated  in  the  same  time.  [See 
the  table  of  heats  produced  during  half  an  hour  and  one 
hour,  p.  264.] 

9.  Exp.  1. — I  took  two  copper  wires,  each  two  ^^ards  long, 
one  of  them  ^^^th  of  an  inch^  the  other  j^^th  of  an  inch  thick, 
and  arranged  them  in  coils  in  the  manner  that  I  have  d^ 
scribed  (7»).  These  were  immersed  in  two  glass  jars,  each 
of  which  contained  nine  ounces  avoirdupois  ofwater.  A  cur- 
rent of  the  mean  quantity  1^*1  Q*,  was  then  passed  conse- 
cutively through  both  coils,  and  at  the  close  of  one  hour  I  ob« 
served  that  the  water  in  which  the  thin  wire  was  immersed 
had  gained  S°'4,  whilst  the  thick  wire  had  produced  only  1^*S. 

*  I  place  Q  at  the  end  of  my  degreed,  to  dtBtiDguish  them  fn>m  there 
of  the  graduated  card. 
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10.  Now  by  direct  experiment,  I  found  that  three  feet  of 
the  thin  wire  could  conduct  exactly  as  well  as  eight  feet  of  the 
thick  wire ;  and  hence  it  is  evident  that  the  resistances  of  two 
yards  of  each  were  in  the  ratio  of  S*4  to  1*27}  which  approxi- 
mates very  closely  to  the  ratio  of  the  heating  effects  exhibited 
by  the  experiment. 

11.  Exp.  2. — I  now  substituted  a  piece  of  iron  wire  ^V^h 
of  an  inch  thick,  and  two  yards  lonff,  for  the  thick  copper 
wire  used  in  Exp.  1,  and  placed  each  coil  in  half  a  pound 
of  water.  A  current  of  1^*25  Q  was  passed  through  both 
during  one  hour,  when  the  augmentation  of  temperature 
caused  by  the  iron  was  6^  whilst  that  produced  by  the 
copper  wire  was  5^'5.  In  this  case  the  resistances  of  the 
iron  and  copper  wires  were  found  to  be  in  the  ratio  of  6  to 
5-51. 

12.  Exp.  3. — A  coil  of  copper  wire  was  then  compared  witli 
one  of  mercury,  which  was  accomplished  by  inclosing  the 
latter  in  a  bent  glass  tube.  In  this  way  I  had  immersed,  each 
in  half  a  pound  of  water,  11;^  feet  of  copper  wire  j^j^th  of  an 
inch  thick,  and  22}  inches  of  mercury  0*065  of  an  inch 
in  diameter.  At  the  close  of  one  hour,  durins  which  the 
same  current  of  electricity  was  passed  through  both,  the 
former  had  caused  a  rise  of  temperature  of  4^-4,  the  latter  of 
2^*9.  The  resistances  were  found  by  a  careful  experiment  to 
be  in  the  ratio  of  4*4  to  3. 

IS.  Other  trials  were  made  with  results  of  precisely  the 
same  character;  they  all  conspire  to  confirm  me  fact,  that 
wken  a  given  quantity  of  voltaic  electricity  is  passed  through 
a  metallic  conductor^  a  given  length  of  time^  the  quantity  of 
heat  evolved  by  it  is  always  proportional  to  the  resistance  * 
which  it  presents^  whatever  may  be  the  lengthy  thickness^  shape^ 
or  kind  of  that  metallic  conductor. 

14.  On  considering  the  above  law,  I  thought  that  the  ef- 
fect produced  by  the  increase  of  the  intensity  of  the  electric 
current  would  be  as  the  square  of  that  element,  for  it  is  evi- 
dent that  in  that  case  the  resistance  would  be  augmented  in  a 
double  ratio,  arising  from  the  increase  of  the  quantity  of  elec- 
tricity passed  in  a  given  time,  and  also  from  the  increase  of 
the  velocity  of  the  same.  We  shall  immediately  see  that  this 
view  is  actually  sustained  by  experiment. 

15.  I  took  the  coil  of  copper  wire  used  in  Exp.  3,  and  have 
found  the  different  quantities  of  heat  gained  by  half  a  pound 
of  water  in  which  it  was  immersed,  by  the  passage  of  electri- 

*  Mr.  Harrift,  and  others,  have  proved  this  law  very  saiisfiutorily,  uiing 
common  electricity. 
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cities  of  different  degrees  of  tension.     My  results  are  arranged 
in  the  following  table: — 


Mean  Deviations 
of  the  Needle 

of  the 
Galvanometer. 

Quantities  of  Cur- 
rent Electricity 
expressed  in  De- 
grees  (5.) 

Quantities  of  Heat 
produced  in  half 
an  hour  by  the  - 

Intensities  in  Co- 
lumn 2. 

Ratio  of  the 
Squares  of  the  In- 
tensities in  Co- 
lumn 2. 

Quantities  of  Heat 
produced  in  one 

hour  by  the  Inten- 
sities in  Column  2. 

Ratio  of  the 

Squares  of  the 

Intensities  in 

Column  S. 

o 

o 

o 

o 

16 

0-43  Q 

1-2 

1 

3li 

0  92Q 

3 

2-9 

4-7 

4^-55 

55 

2-35  Q 

19-4 

18-8 

57f 

2-61  Q 

23 

23-2 

58^ 

2-73  Q 

25 

25-4 

39-6 

40- 

16.  The  differences  between  the  numbers  in  columns  three 
and  five,  and  those  in  columns  four  and  six,  are  very  inconsi- 
derable, taking  into  account  the  nature  of  the  experiments^ 
and  are  principally  owing  to  the  difficulty  which  exists  in 
keeping  the  air  of  the  room  in  the  same  state  of  quiet,  of  by* 
grometry,  &c.  during  the  different  days  on  which  the  ex^ 
periments  were  mac^.  ^rhey  are  much  less  when  a  larger 
quantity  of  water  is  used,  so  as  to  reduce  the  cooling  eiFects 
(28.). 

17.  We  see,  therefore,  that  uohen  a  current  of  voltaic  electri-- 
city  is  propagated  along  a  metallic  cotiductor^  the  heat  evolved 
in  a  given  time  is  proportional  to  the  resistafice  of  the  conductor 
multiplied  by  the  square*  of  the  electric  intensity. 

18.  The  above  law  is  of  great  importance.  It  teaches  us  the 
right  use  of  those  instruments  which  are  intended  to  measure 
electric  currents  by  the  quantities  of  heat  which  they  evolve. 
If  such  instruments  be  employed  (though  in  their  present 
state  they  are  far  inferior  in  point  of  accuracy  to  many  other 
forms  of  the  galvanometer),  it  is  obvious  that  the  square  roots 
of  their  indications  are  alone  proportional  to  the  intensities 
which  they  are  intended  to  measure. 

19.  By  another  important  application  of  the  law,  we  are 
now  enabled  to  compare  the  frictionalf  and  voltaic  electri- 

*  The  experitnents  of  De  la  Rive  show  that  the  calorific  effect  of  the 
voltaic  current  increases  in  a  much  greater  proportion  than  the  simple 
ratio  of  the  intensities.— ^nn.  de  Chirme,  1836»  part  i.  p.  193.  See  also 
Peltier's  results,  Ann,  de  Chimie,  1836»  part  ii.  p.  ^49. 

t  The  experiments  of  Brooke,  Cuthbertson  and  others,  prove  that  the 
quantity  of  wire  melted  by  common  electricity  is  as  the  square  of  the 
battery's  charge.  Harris,  however,  arrived  at  the  conclusion,  that  the 
heating  power  of  electricity  is  timply  as  the  charge,  Phil.  Trans.,  1834, 
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citie%  in  ^Ocll  a  tnanAer  as  to  deteriuine  their  elements  by  the 
quantity  of  heat  which  they  evolve  in  passing  along  a  given 
conductor;  for  if  a  certain  quantity  of  voltaic  electricity 
produce  a  certain  degree  of  heat  by  passing  along  a  given 
conductor,  and  if  the  same  quantity  of  heat  be  generated 
by  the  discharge  of  a  certain  electrical  battery  along  the  same 
conductor,  the  product  of  the  quantity  and  velocity  of  trans- 
fer  of  the  f^/^^t^  electricity  will  be  equal  to  the  product  of 
tlie  quantity  and  velocity  of  the/riciional  electricity,*  or  Q  V 

=  g  V,  whence  —  ==  "v  ' 

Chap.  Ih^^Heat  evolved  during  Electrolysis. 

20.  Under  the  above  bead,  I  shall  now  examine  the  heat 
produced  in  the  cells  of  the  battery,  and  when  electrolytes 
are  experiencing  the  action  of  the  voltaic  current  It  has 
been  my  deisire  to  render  these  experfments  strictly  com- 
parable^ both  with  themselves  and  with  those  of  other  philo* 
sophers.  I  have  therefore  taken  care  to  apply  the  corrections 
which  either  specific  heat,  or  other  disturbing  causes  might 
require,  and  have  by  these  means  been  able  to  express,  in 
every  case,  the  total  amount  of  evolved  heat. 

21.  The  first  of  these  corrections,  which  I  call  Cor.  A^ 
arises  from  the  difference  between  the  mean  temperature  of 
the  liquid  used  in  an  experiment,  and  that  of  the  surrounding 
atmosphere.  Its  amount  is  determined  by  ascertaining  the 
rapidity  with  which  the  temperature  of  the  liquid  is  reduced 
at  the  end  of  each  experiment. 

22.  The  second  correction  (Cor.  B)  is  for  the  specific 
heat  of  the  liquids,  and  the  vessels  which  contain  them ;  and 
when  the  necessary  data  could  not  be  found  in  the  tables  of 
specific  heat,  I  have  supplied  them  from  my  own  experiments. 
The  vessels  were  white  earthenware  jars,  4>|  inches  deep,  and 
4^  inches  in  diameter :  their  caloric  was  one-twelfth  of  that 
contained  by  two  pounds  of  water,  to  which  capacity  I  have 
reduced  all  my  subsequent  results. 

23.  As  resistance  to  conduction  is  the  sole  cause  of  the 
heat  produced  in  the  connecting  wire  of  the  voltaic  battery,  it 
was  natural  to  expect  that  it  would  act  an  important  part  in 
this  second  class  of  phaenomena  also.  It  was  important,  there- 
fore, to  begin  by  determining  the  amount  of  heat  evolved  by 
that  quantity  of  conducting  metal  which  I  found  it  convenient 
to  adopt  as  a  standard  of  resistance. 

p.  225.  Of  courte  the  remark  in  the  text  is  made  on  the  presumption, 
that  when  the  proper  limitations  are  observed,  the  calorific  effect  ot  elec- 
tricity is  as  the  square  of  the  charge  of  any  given  battery. 
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9if.  Ten  feet  of  copper  wire,  0*024  of  an  inch  thicky  were 
formed  into  a  coil  in  me  manner  described  in  (7.) ;  its  resist- 
ance to  conduction  was  called  unity.  Three  experiments 
were  made  in  order  to  ascertain  its  heating  power. 

25.  1st.  A  jar  was  filled  with  two  pounas  of  water,  and  a 
current  which  produced  a  mean  deviation  of  the  needle  of 
the  galvanometer  (3.)  equal  to  57^°  =  2^*5^  Q  of  current 
electricity,  was  urged  throu|[h  the  coil  for  twenty-^seven  mi* 
nutes,  by  means  of  a  zinc-iron*  battery  of  ten  pairs.  The 
heat  thus  acquired  by  the  water,  after  Cor.  A,  and  that  part 
of  Cor.  B  which  relates  to  the  caloric  of  the  jar,  had  Ueen 
applied,  was  6°'22. 

26.  2nd.  The  battery  was  now  charged  with  a  weaker  so- 
lution of  sulphuric  acid.  In  this  case  it  passed  the  mean  cur- 
rent 2^*085  Q  during  forty-five  minutes.  The  heat  thus  pio> 
duced,  when  corrected,  was  7^'04<. 

27.  Srd,  A  battel^  of  five  pairs  (three  of  which  had  pla- 
tinized silver ;  one  silver,  and  one  copper,  for  their  nega- 
tive plates,)  passed  the  mean  current  1^*88  Q  during  one 
hour,  in  which  time  7^*47  were  generated. 

28.  When  the  first  two  experiments  are  reduced,  in  order 
to  compare  them  with  the  third,  we  have,  in  accordance  wi|h 

(1*88)*         60^ 
the  principles  laid  down  in  (17.),  L    .A    x  53-    x  6®*22 


*^^^^'  ^^  (2-oS  ^  i^  ^  '''*^*  "^  ^*^^*   Thus  we  have 


(2-54)«    ^  27^ 

heat  produced  per  hour  by  the  passage  of  1^*88  Q  of  current 
electricity,  against  the  unit  of  resistance. 

29.  Before  I  proceed  to  give  an  account  of  some  experi- 
ments on  heat  evolved  in  Uie  cells  of  voltaic  pairs,  it  b  im- 
portant to  observe  that  every  kind  of  action  not  essentially 
electrolytic  must  be  eliminatea.  For  instance,  the  dissolution 
of  metidlic  oxides  in  acid  menstrua,  which  has  been  proved 
by  Dr.  Faraday  to  be  no  cause  of  the  current,  is  the  occasion 
of  a  very  considerable  quantity  of  heat,  which,  if  not  accounted 
for  in  the  experiments,  would  altogether  disturb  the  results. 
I  have  taken  the  oxide  of  zinc,  prepared  either  by  igniting 
the  nitrate,  or  by  burning;  the  mc^,  and  have  repeatemy  dis- 
solved it  in  sulphuric  acid  of  various  specific  gravities;  and 
on  taking  the  mean  of  many  experiments,  none  of  which  dit 

*  Whenever  aa  iron  battery  was  used,  it  was  of  coune  placed  at  a  di* 
stance  from  the  galvanometer  suffidentljr  great  to  render  its  action  on  tiw 
needle  altogether  io^ipreciable. 
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fered  materially  from  the  rest,  I  have  found  that  the  total 
corrected  heat  produced  by  the  dissolution  of  100  grains  of 
the  oxide  of  zinc  in  sulphuric  acid,  is  able  to  raise  two  pounds 
of  water  3°'4j4j# 

50.  Exp.  ]•— I  constructed  a  single  voltaic  pair,  consisting 
of  thin  plates  of  amalgamated  zinc  and  platinized  silver  (Mr. 
Smee's  arrangement) :  the  plates  were  two  inches  broad,  and 
were  kept  one  inch  asunder  by  means  of  a  piece  of  wood,  to 
the  opposite  sides  of  which  they  were  bound  with  string:  to 
the  top  of  each  plate,  a  thick  copper  wire  formed  a  good  me- 
tallic connexion,  by  means  of  a  brass  clamp.  The  voltaic 
pair,  thus  prepared,  was  immersed  in  two  pounds  of  sulphuric 
acid,  sp.  at.  11 37,  contained  by  one  of  the  earthenware  jars 
(22.).    The  arrangement  is  represented  by  fig.  3. 

51.  When  the  circuit  was  completed  so 

as  to  present  to  the  current  the  total  metallic  Fig.  3. 
resistance  0*06,  the  galvanometer  stood  at 
494°  ■»  l°-84  Q;  and  at  17i°  =  0^-453  Q, 
when  the  total  metallic  resistance  was  in- 
creased to  1*16  by  the  addition  to  the  circuit 
of  ten  feet  of  thin  copper  wire.  Hence,  ac- 
cording to  the  principles  laid  down  by  Ohm, 

I  •Si  0-453      ^  ,  .  ,         ,t 

—  ■,  ,^  =      .  ^^^;  from  which  r,  the  re- 
i'  +  116       r+0'06' 

sistance  of  the  voltaic  pair,  =  0-299.  Imme- 
diately after  this  trial,  the  temperature  of  the 
liquid  being  exactly  49^  and  that  of  the  air 
50^*2,  the  circuit  was  completed  for  one  hour,  during  which 
the  needle  first  advanced  a  little  from  50%  and  then  declined 
to  46°,  the  average*  deviation  was  48°  44'  =  l°-8  Q.     The 
temperature  of  the  liquid  was  then  53°'7,  indicating  a  rise  of 

.« ••       A     .u     ^  •  1  1*59  0-382       , 

4<'*7.     Another  trial  now    ave    . — — -— -  =    ,  .  ^  ^ -;  whence 

r-f-rie      r  +  O'oe 

r',  the  resistance  of  the  pair  at  the  close  of  the  experiment, 
=ss  0*288:  the  mean  resistance  of  the  pair  was  therefore 
0*293. 

32.  Now  in  order  to  obtain  the  total  amount  of  heat  evolved 
by  the  pair,  reduced  to  the  capacity  of  two  pounds  of  water, 
we  have  4°'7  +  0°*4  (on  account  of  Cor.  A  (21.))  and  —  0*^*5 
(on  account  of  Cor.  B  (22.))  =  4°*6.  The  correction  due  to 
the  dissolution  of  oxide  of  zinc  is  found  by  multiplying  its 

*  During  each  ezperiment  the  deflections  of  the  needle  were  noted 
at  interTaU  of  five  minutesy  or  less.  From  thence  I  deduce  my  ave- 
rages. 
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quantity  by  — —  (see  (29.));  the  quantity  of  the  oxide  be- 
ing obtained  by  multiplying  the  equivalent  of  oxide  of  zinc 
by  the  mean  quantity  of  current  electricity.     We  have  then 

3^*44 
4  O'S  X  1'8  X  -^jrp-  =  2°'5 :  this,  when  subtracted  from  4^-6, 

leaves  2^*1,  the  correct  voltaic  heat. 

3S.  Assuming  in  this  case,  as  well  as  in  that  of  a  metallic 
conductor,  that  the  heat  evolved  is  prc^rtional  to  the  resist- 
ance  multiplied  by  the  square  of  the  electric  intensity,  we 

have,  from  the  data  in  (28.)  and  (31.),  ,\     '.^  x  0-293  x  7^-56 

=  2^*03,  which  is  very  near  2^*1,  the  heat  deduced  from  ex« 
periment. 

34.  Exp.  2. — I  now  constructed  another  pair,  consisting 
of  plates  precisely  similar  to  those  used  in  £xp.  1,  but  haff 
an  inch  only  asunder :  it  was  also  immersed  in  two  pounds  of 
sulphuric  acid,  sp.  gr.  1137.  The  circuit  was  closed  for  one 
hour,  during  which  the  needle  of  the  galvanometer  advanced 
gradually  from  47^^  to  50^%  the  mean  deviation  being 
49°  35'  s=  r'84  Q.  The  liquid  had  then  gained  4°-8  :  this, 
+  0°-l  (for  Cor.  A)  and  -0^-5  (for  Cor.  S),  =  4^-4.  The 
heat  due  to  the  dissolution  of  oxide  of  zinc  is  in  this  case 

3°*44 
4  0*3  X  1*84  X  -r-rrjr  =  2°*55,  which,  when  subtracted  from 

4'*'4,  leaves  the  correct  voltaic  heat  1*''85. 

35.  The  resistance  of  the  pair  was  ascertained  in  this,  as  in 
every  other  instance,  at  the  beginning  and  at  the  end  of  the 

experiment.     The  equations  thus  obtained  were 

^'*^^     and    ,\  ,.,^«  :TT^a ;  whence  r  =  0-31  l,and 


""r+0-06,  r'+l'16     r'+O'Oe 

r*  =  0*275 :  the  mean  resistance  was  therefore  0*293.  Now, 
calculating  as  before  (33. )»  on  the  basis  of  the  heat  produced 
by  tlie  passage  of  electricity  against  the  standard  of  resistance, 

we  have  ^^^l^^^x  0*293  x7°-56  =  2«>-12. 
^i*«8; 

36.  Exp.  3. — ^I  formed  another  pair  on  Mr.  Smee's  plan; 
it  was  similar  to  the  last,  with  the  exception  that  the  plates 
were  only  one  inch  broad.  When  the  circuit  was  closed,  a 
current  of  the  mean  intensity  1^-46  Q  passed  through  the 
apparatus  during  one  half  hour.    The  heat  thereby  produced. 
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when  corrected,  and  reduced  on  account  of  the  dissolution  of 
oxide  of  zinc,  was  0^*84. 

S7.  In  this  instance  the  mean  resistance  was  0*32  ;  whence, 
by  a  calculation  precisely  similar  to  those  given  under  Exps. 
1  and  2,  we  have  the  theoretical  amount  ofheat  =  0^'74. 

38.  The  three  instances  above  given,  are  specimens  taken 
from  a  number  of  experiments  with  the  platinized  silver  pairs. 
The  mean  of  the  eight  unexceptionable  experiments  which 
I  have  made  with  them,  gives  2^*08  of  actual,  and  2^*13  of 
theoretical  heat,  and  not  one  of  the  individual  experiments 

E resented  a  greater  difference  between  real  and  calculated 
eat,  than  Exp.  2. 

39.  Exp.  4. — A  plate  of  copper,  four  inches  broad,  was 
bent  about  a  plate  of  amalgamated  zinc  three  inches  and  a 
half  broad,  so  as  to  form  a  pair  of  Wollaston's  double  battery. 
It  was  placed  in  a  jar  containing  two  pounds  of  dilute  sul- 
phuric acid.  In  this  instance,  the  total  voltaic  heat  that  was 
generated  was  1^*2,  the  calculated  result  being  1^*0  only. 
Repeated  experiments  with  the  copper  pairs  gave  similar 
results,  the  real  heat  being  invariably  somewhat  superior 
to  that  which  the  doctrine  of  resistances  would  demand. 
The  cause  of  this  I  have  found  in  a  slight  local  action,  which 
it  is  almost  impossible  to  avoid  in  the  common  copper  bat- 
tery. 

40.  Exp.  5. — I  now  constructed  a  single  pair  on  Mr. 
Grove's  plan.  The  platinum,  two  inches  broad,  was  immersed 
in  an  ounce  and  a  half  of  strong  nitric  acid  contained  by  a 
4^inch  pipe-clay  cell ;  the  amalgamated  zinc  plate,  also  two 
inches  broad,  was  immersed  (at  the  distance  of  an  inch  and 
a  half  from  the  platinum)  in  thirty  ounces  of  sulphuric  acid, 
sp.  gr.  1156.  The  whole  was  contained  by  one  of  the  jars 
(22.). 

41.  A  trial,  made  first  as  usual,  in  order  to  ascertain  the 

-    .  .  4*4  0-816        , 

resistance  of  the  pair,  gave    ;pT:^Q  =  r  +  0  06'  ^*^®"^® 

r  =  0*44] .  As  soon  as  the  slight  heat  acquired  during  the 
above  trial  was  equably  diffused  through  the  apparatus,  the 
thermometer  placed  in  the  dilute  sulphuric  acid  stood  at 
51^*95,  the  temperature  of  the  air  bein^  52®'4.  The  circuit 
was  then  immediately  closed  for  ten  minutes,  during  which 
time  the  needle  of  the  galvanometer  advanced  steadily  from 
68°  40'  to  71®  20';  the  mean  deviation  being  70^  9'  =  4^*77  Q. 
As  soon  as  the  heat  thus  generated  was  equably  diffused*, 

*  By  gently  stirring  the  dilute  sulphuric  acid  with  a  feather,  so  as  to 
bring  eyery  part  in  successive  contact  with  the  porous  cell  during  two 
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the  thermometer  immersed  in  the  dilute  sulphuric  acid  ttood 
at  56°*7,  indicating  a  rise  of  4«°*75.     Another  trial  now  gaf« 

5*14  0*91 

W+2^  =  »^To^' '''''"'* ''  =  °**^^'    The  mean  resist- 
ance  of  the  pair  was  therefore  0*427. 

42.  4^*75  4-  0°'l  (for  Cor.  A),  and  —  0»'4  (for  Cor.  B, 

which  in  this  case  includes  the  capacity  for  heat  of  the  porous 

cell)  =:  4^*45.     The  heat  generated  by  the  dissolution  of 

8^*44        10 
oxide  of  zinc  was  in  this  case  40*3  x  4*77  x   .        x  ^r^ 

=s  1^*1,  which,  subtracted  from  4°*45,  leaves  the  correct  vol* 
taic  heat  3°*35. 

^4*77^*  10' 

43.  The  theoretical  result  is  Wr^  xp'427  x  7*^-56  x  -^ 

=  3*'*46. 

44.  Exp.  6  was  made  with  a  pair  in  every  respect  siroihur 
to  the  last :  the  circuit,  however,  was  completed  by  means  of 
a  thin  copper  wire,  in  order  to  reduce  tne  intensity  of  the 
current  At  the  end  of  one  hour,  during  which  the  needle  of 
the  galvanometer  advanced  gradually  irom  41^  to  42^,  the 
correct  voltaic  heat  that  was  generated  was  1^*7.  The  the(h 
retical  result  was  1°*82. 

45.  I  was  desirous  of  knowing  how  far  the  same  principles 
would  apply  to  the  heat  generated  in  Prof.  Daniell's  constant 
battery.  But  in  this  battery  considerable  cold  is  produced,  in 
consequence  of  the  separation  of  oxide  of  copper  from  the 
sulphuric  acid  to  whicn  it  is  combined.  This  is  altogether  a 
secondary  effect,  and  should  be  eliminated  as  deciuedly  as 
the  heat  produced  by  the  dissolution  of  oxide  of  zinc*  I  have 
not  yet  been  able  to  obtain  accurate  data  for  the  correction 
thus  needed,  and  shall  therefore  content  myself  with  remark- 
ing, that  my  results  with  Mr.  DanieU's  arrangements  are,  as 
far  as  they  go,  quite  consistent  with  the  theorv  of  resistances. 

46.  Experiments,  such  as  I  have  related,  were  varied  in 
many  ways ;  and  sometimes  a  number  of  pairs  were  arranged 
so  as  to  form  a  battery.  Still  the  results  were  similar,  and 
established  the  fact,  that  the  heat  which  is  generated  in  a  given 
time  in  any  pair^  by  true  voltaic  action^  is  proportional  to  the 
resistance  to  conduction  of  that  pair^  multiplied  by  the  square 
of  the  intensity  of  the  cuirent. 

47.  I  now  made  some  experiments  on  the  heat  consequent 
to  the  passage  of  voltaic  electricitv  through  electrolytes. 

48.  Exp.  7. — Two  pieces  of  platinum  foil,  each  of  which 
was  an  inch  long,  and  a  quarter  of  an  inch  broad,  were  her* 
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metically  sealed  into  the  ends  of  two  pieces  of  glass  tubinff : 
ntfithin  Uiese  tubes,  pieces  of  copper  wire  were  metallically 
connected  with  the  platinum ;  these,  when  the  apparatus  was 
in  action,  terminated  in  mercury  cups.  The  tubes  thus  pre* 
pared  were  bound  together  by  thread,  so  as  Xo  keep  the  pieces 
of  platinum  foil  at  the  constant  distance  of  half  an  inch  asun» 
der.  This  apparatus  was  immersed  in  two  pounds  of  dilute 
sulphuric  acid,  sp.  p.  1 154,  contained  in  one  of  the  jars  (22.)* 

49.  A  battery  of  twenty-four  inch,  double  iron* zinc  plates, 
was  then  placed,  with  its  divided  troughs  (which  were  charged 
with  a  pretty  strong  solution  of  sulphuric  acid),  at  a  distance 
from  the  galvanometer  sufficiently  great  to  obviate  any  dis- 
turbing effect  on  the  needle.  To  the  electrodes  of  this  battery 
thick  copper  wires  were  secured,  so  that  by  means  of  one  of 
them  connexion  could  be  made  to  the  galvanometer,  and  by 
means  of  the  other,  to  the  decomposing  cell.    In  fig.  4,  A 


represents  the  battery,  6  the  galvanometer^  and  E  the  de- 
composing apparatus  (48.). 

50.  In  order  to  ascertain  the  resistances  of  the  battery  or 
of  the  cell,  I  provided  several  coils*  of  silked  copper  wire, 
the  resistances  of  which  had  been  determined  by  careful  ex- 
periments. When  these  were  traversed  by  the  current,  they 
were  placed  in  such  a  position  as  to  prevent  any  action  on 
the  needle,  and  at  the  same  time  they  were  kept  under  water, 
in  order  to  prevent  them  from  becoming  ho^  which  would 
have  had  the  effect  of  increasing  their  resistances. 

51.  When  everything  was  duly  prepared,  the  battery  was 
placed  in  its  troughs,  and  the  current  from  it  was  urged 
through  the  galvanometer  and  each  of  three  of  the  coils, 
which  were  placed  in  succession  at  E  (the  decomposing  ap- 
paratus having  been  removed).  The  resistances  of  these  coils 
were  4*4,  5*5,  and  7-7,  and  the  currents  which  they  allowed 
to  pass  were  l°-88  Q,  l°-65  Q,  and  l°-29  Q. 

52*  The  decomposing  apparatus  was  now  replaced,  and  the 
proper  connexions  being  made,   electrolytic  decomposition 

*  Two  of  these  coils  had  been  previously  employed  (31.  41. ),  &c.  in 
ascertaining  the  resistances  of  the  voltaic  pairs :  the  reustaoce  Qr^  was 
that  of  the  galvanometer  and  oonnecdog  wires. 
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was  allowed  to  proceed  during  twenty  minutes,  in  which  time 
the  needle  of  the  galvanometer  gradually  declined  from  55^ 
to  48^%  the  mean  current  being  1^*9  Q.  The  temperature 
of  the  liquid  had  now  advanced  from  ^Q^^  to  5d^-95|  indi- 
cating an  increase  of  7^'S5.  The  temperature  of  the  sur- 
rounding atmosphere  was  46^*4. 

53.  Tne  decomposing  ceil  was  now  removed  again,  and 
the  several  coils,  of  whidi  the  resistances  were,  as  before,  4*4, 
5*5^  and  7*7,  were  successively  put  in  its  place.  The  battery 
now  urged  through  them,  1^-73  Q,  1^-48  Q,  and  1°*22  Q. 

54.  In  this  case  7*'*S5  +  0^-55  (for  Cor.  A)  and  —  0**-64 
(for  Cor.  B)  =:  7^*26,  the  heat  which  was  generated  in  the  de- 
composing jar. 

55.  The  mean  intensity  of  the  current  when  passing  through 

the  coil  of  which  the  resistance  was  4*4,  was  ^ 

=  1^*805  Q,  but  1^*9  Q  when  it  passed  through  the  decom- 
posing cell.    Hence  (4*4  +  3-1 5»)  i^§^  =  7*17,  this,  -  3-15*, 

leaves  4*02,  the  amount  of  obstruction  presented  by  the  de- 
composing cell. 

56.  Now  we  must  remember,  that  when  the  electric  current 
was  passing  through  the  coils,  it  was  urged  by  the  whole  in- 
tensity of  the  battery ;  but  that  in  the  case  of  the  decom- 
posing cell,  a  part  of  the  intensity  of  the  zinc-iron  battery, 
equal  (as  I  have  found  by  experiment)  to  3^  pairs,  or  to 
one  sixth  part  of  the  whole,  is  occupied  solely  in  overcoming 
the  resistance  to  electrolyzation  t  of  water  in  the  decomposing 
cell.     In  order  therefore  to  deduce  the  true  resistance  to  con^ 

duction,  we  must  subtract  ^ from  the  obstruction 

o 

4-02;  and  thus  we  have  2*83,  the  true  resistance  to  conduction 

of  the  decomposing  cell. 

57.  I'he  latter  part  of  this  process  is  difficult  to  express 
clearly,  I  have  therefore  drawn  a  figure  to  illustrate  it.  Sup- 
pose that  in  fig.  5,  6  represents  the  intensity  of  the  battery; 
the  line  R  3*15,  the  resistance  of  the  battery  and  the  con- 
necting wires ;  and  the  remainder  of  the  line  A  B,  or  4*02  W, 

«       xr,   rox       ..       u  .         1*88  1'^         I    1*73 

•  From  (51.  63.)  we  have  the  equations  p     ,,•  =  |^  ,  ^.j^  and  ^f,j,j 

1*22 
=  oTT^i  whence  R  =  2*81  and  R'  =  3-49 :  the  mean  resistance  of  the 

R  "1-4*4 
battery  and  connecting  wires  was  therefore  3*15. 

t  Faraday's  Experimental  Researches^  (1007). 


Digitized 


by  Google 


Cdndticton  of  Eledricittf^  and  durhig  Electrolysis.      2?3 
the  resistance  of  wire.    I  have  shown,  {55.)  that  the  cur- 
Fig.  6. 
402  W                          R  315 
A    f  -f 1  B    1®-9Q. 

Fig.  5. 
r  2-83                            R  3*15 
C    I 1 1   D    1<>-9Q. 

rent  1^*9  Q  would  pass  against  the  resistance  A  B.  But  we 
know  that  1^*9  Q  was  also  passed  when  the  cell  and  the  battery 
formed  the  sole  opposition  (52.),  and  that  on  account  of  the 
resistance  to  electrolyzation,  the  virtual  battery  intensity  was 
then  one-sixth  less,  and  hence  that  only  five-sixths  of  the  re- 
sistance represented  by  A  B  could  have  been  opposed  in  this 
case,  in  order  to  the  passage  of  the  same  current.  Draw, 
therefore,  another  line,  C  D,  one-sixth  less  than  A  B,  and  it 
will  represent  this  resistance;  from  which,  on  subtracting 
R  3*15,  we  have  r  2*83,  the  true  resistance  to  conduction  of 
the  decomposing  apparatus. 

58.  From  (28.),  and  the  data  above  given,  we  have  t^      .^ 

2(y 
X  2*83  X  7°'56  X  -^7;7  =  7^*29,  the  theoretical  result 
oO 

59.  I  made  three  other  experiments  With  the  same  elec- 
trodes, and  with  the  same  battery.  The  results  of  these  with 
those  of  the  experiment  just  given  at  length,  are  as  fol- 
lows :— 

Experimental.  Theoretical. 

Exp.    7.      7'26     7^29 

^Exp.    8.      8*12     8*32 

Exp.    9.    10-2       10-2 

•  Exp.  10.      9*64     9*75  (Refitted  battery.) 

Mean  8*8       8*89 

60.  Exp.  11.— The  mean  current  0°*84'6  Q  from  a  battery 
of  ten  zinc-iron  pairs,  was,  by  means  of  the  same  electrodes, 
sent  through  two  pounds  of  ailute  sulphuric  acid  for  half  an 
hour,  during  which  the  correct  heat  that  was  generated  was 
3^09. 

61.  In  order  to  find  the  true  resistance  to  conduction  of 
the  decomposing  cell,  it  was  necessary  to  remember  that  in 
this  instance  one-third  of  the  intensity  of  the  ten  pairs  was 
expended  in  overcoming  the  resistance  to  electrolyzation  of 
the  water.  With  this  exception  the  calculations  were  made 
precisely  as  before,  and  gave  3*76,  the  resistance  of  the  cell ; 
whence  we  have  the  theoretical  heat  2^*88. 

Phil.  Mag.  S.  3.  Vol.  19.  No.  124.  Oct.  1841.      T 
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62.  I  now  dismissed  the  narrow  electrodes,  and  substituted 
for  them  two  pieces  of  platinum  foil,  dipping  to  the  bottom 
of  the  liquid ;  they  were  one  inch  apart,  and  each  presented 
to  the  dilute  sulphuric  acid  a  surface  of  seven  square  inches. 
In  this  case  I  used  twenty  pairs  of  zinc-iron  plates  arranged 
in  a  series  of  ten. 

63.  The  mean  of  six  experiments  with  this  apparatus  gave 
4°*42  of  real,  and  4°'13  of  theoretical  heat.  I  have  no  doubt 
that  the  difference  is  principally  occasioned  by  the  formation 
of  the  deutoxide  of  hydrogen,  which  is  known  to  occur  to  a 
considerable  extent  when  oxygen  is  evolved  from  an  extended 
surface.  Of  this  we  have  another  instance  in  the  following 
experiment 

64.  Exp.  12. — Using  the  same  electrodes,  and  a  battery 
of  ten  zinc-iron  pairs,  i  now  passed  a  current  of  the  mean 
intensity  1^*08  Q  through  two  pounds  of  dilute  nitric  acid, 
sp.  gr.  1047,  for  half  an  hour.  The  heat  that  was  thus  ge- 
nerated, when  properly  corrected,  was  3*^. 

65.  This  experiment  was,  as  the  others,  conducted  in  the 
manner  described  at  length  under  Exp.  7.  Water  chiefly* 
was  decomposed;  and  I  ascertained,  experimentally,  that  about 

—  of  the  intensity  of  the  battery  was  expended  in  overcoming 

3*52  + 1  '68 
resistance  to  electrolysis.     Thus  I    had  8*52 -^ 

=  2*03,  the  resistance  to  conduction ;    and  hence    .        /^ 

X  2-03  X  7°*56  X  -g^  =  2^*53,  the  theoretical  heat. 

66.  Exp.  13. — Two  plates  of  copper,  each  of  which  was  two 
inches  broad,  were  secured  at  the  distance  of  one  inch  apart, 
and  immersed  in  two  pounds  of  a  saturated  solution  of  sul- 
phate of  copper.  Through  this  apparatus,  a  battery  often  zinc- 
iron  pairs  passed  the  mean  current  1  °  Q  during  half  an  hour. 
The  heat  thus  produced,  when  properly  corrected,  was  5°'8. 

67.  In  this  case  there  was  no  resistance  to  electrolysis^wad  the 
action  may  be  regarded  simply  as  a  transfer  of  copper  from 
the  positive  to  tne  negative  electrode.  All  the  obstruction, 
therefore,  that  was  presented  to  the  current,  was  resistance  to 

conduction.     Its  mean  was  5*5^  whence  we  have  .    oqw^  5-5 

30' 
X  7^*56  X  -g^  =r5°*88,  the  theoretical  heat. 

•  See  Faraday  on  the  Electrolysb  of  Nitric  Add,  *  Experimental  Re 
searches/  (75^.). 
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66.  We  hftve  thus  arrived  at  the  general  conclusion,  that 
the  heat  which  is  evolved  by  the  proper  action  qf  any  voU 
taic  current  is  proportional  to  the  square  of  the  intensity  of 
that  current^  multiplied  by  the  resistance  to  conduction  which  it 
experiences.  From  this  law  the  following  conclusions  are  di- 
rectly deduced : — 

69.  1st  That  if  the  electrodes  of  a  galvanic  pair  of  given 
intensity  be  connected  by  any  simply  conducting  body^  the  total 
voltaic  heat  generated  by  the  entire  circuit  (provided  always 
that  no  local  action  occurs  in  the  pair)  wiUj  viJiatever  maybe 
the  resistance  to  conduction^  be  proportional  to  the  number  of 
atoms  {whether  of  water  or  of  xinc)  concerned  in  generating 
the  current.  For  if  the  resistance  to  conduction  be  diminished, 
the  quantity  of  current  will  be  increased  in  the  same  ratio,  and 
hence,  according  to  the  law  (68.),  the  quantity  of  heat  which 
would  thus  be  generated  in  a  given  time  will  be  also  propor- 
tionally increased;  whilst  of  course  the  number  of  atoms 
which  would  be  electrolyzed  in  the  pair  will  be  increased  in 
the  same  proportion. 

70.  2na.  That  the  total  voltaic  heat  which  is  produced  by  any 
pair,  is  directly  proportional  to  its  intensity,  and  the  number^ 
atoms  which  are  electrolyzed  in  it.  For  the  quantity  of  current  is 
proportional  to  the  intensity  of  the  pair,  and  consequently  the 
quantity  of  heat  evolved  in  a  given  time  is  proportional  to  the 
square  of  the  intensity  of  the  pair,  but  the  number  of  atoms 
electrolyzed  is  proportional,  in  the  same  time,  to  the  simple 
ratio  only  of  the  current,  or  of  the  intensity  of  the  pain 

71.  And  3rd.  That  when  any  voltaic  arrangement,  whether 
simple  or  compound,  passes  a  current  of  electricity  through  any 
substance,  whether  an  electrolyte  or  not,  the  total  voltaic  heat 
which  is  generated  in  any  time,  is  proportional  to  the  number  of 
atoms  which  are  electrolyzed  in  each  cell  of  the  circuit,  multi- 
plied by  the  virtual*  intensity  of  the  battery. 

72.  Berzelius  thinks  that  the  light  and  beat  produced  by 
combustion  are  occasioned  by  the  discharge  of  electricity  be- 
tween the  combustible  and  the  oxygen  with  which  it  is  in  the 
act  of  combination ;  and  I  am  of  opinion  that  the  heat  arising 
from  this,  and  some  other  chemical  processes,  is  the  conse- 
quence of  resistance  to  electric  conduction.  My  experiments 
on  the  heat  produced  by  the  combustion  of  zinc  turnings  in 
oxygen,  (which,  when  sufficiently  complete,  I  shall  make  public) 
strongly  confirm  this  view ;  and  the  quantity  of  heat  which 
Crawford  produced  by  exploding  a  mixture  of  hydrogen  and 

*  If  a  decomposing  cell  be  in  the  circuity  iheviriud  intensity  of  the 
battery  Is  reduced  in  proportion  to  its  resistance  to  dectrolyzation. 
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oxygen  may  be  considered  almost  decisive  of  the  question. 
In  his  unexceptionable  experiments,  one  grain  of  hydrogen 
produced  heat  sufficient  to  raise  one  pound  of  water  9^'6. 
Now  we  know  from  Exp.  5,  that  the  heat  generated  in  one 

of  Mr.  Grove's  pairs  by  the  electrolysis  of =  25'7 

grains  of  zinc,  is  theoretically  3^-46 ;  and  the  heat  which  must 
in  the  same  time  have  been  generated  by  the  metallic  part  of 

the  circuit,   which  presented  the  resistance  0*06,  is  ^^TqU 

X  3°'46  =  0°'48 :  the  total  voltaic  heat  was  therefore  3°-94.. 
Hence  the  total  heat  which  would  have  been  evolved  by  the 

32*3 

electrolysis  of  an  equivalent,  or  32*3  grains  of  zinc,  b   —^ 

X  3°*94«  =  4°'95;  which,  when  reduced  to  the  capacity  of 
one  pound  of  water,  is  9^*9.  But  from  the  table  of  the  in- 
tensities of  voltaic  arrangements  (74.)>  ^^^  intensity  of  Mr. 
Grove's  pair,  compared  with  the  affinity  of  hydrogen  for  oxy- 
gen, istr;^;  whence,  from  (70.),  we  have  9°'9X0'93  =  9*'% 

the  heat  which  should  be  generated  by  the  combustion  of  one 
grain  of  hydrogen,  according  to  the  doctrine  of  resistances : 
the  result  of  Crawford  is  only  0°'4  more. 

73.  I  am  aware  that  there  are  some  anomalous  conditions 
of  the  current  which  seem  to  militate  against  the  general  law 
(68.),  particularly  when  in  the  hands  of  Peltier  it  actually 
produces  cold^,  I  have  little  doubt,  however,  that  the  ex- 
planations of  these  will  be  ultimately  found  in  actions  of  a 
secondary  character.  _^._ 

Note  on  Voltaic  Battef'ies. 

74.  In  the  foregoing  investigation  I  have  had  occasion  to 
work  very  extensively  with  different  voltaic  arrangements, 
and  have  repeatedly  ascertained  their  relative  intensities  by 
the  mathematical  theory  of  Ohm.  It  will  not,  therefore,  i 
hope,  be  deemed  out  of  place  to  subjoin  a  table,  in  which  the 
intensities  of  the  batteries  which  are  most  generally  used,  are 
inversely  as  the  number  of  pairs  which  would  be  just  requisite 
in  order  to  overcome  the  resistance  of  water  to  electrolyza* 
tion. 

*  If  antimony  and  bismuth  be  soldered  together,  cold  will  be  produced 
at  the  point  ofjiinction  by  the  passage  of  the  current  from  the  bismuth  to 
the  antimony.  Peltier,  yinntdes  de  Ckimie,  vol.  IW.  p.  371.  In  his  paper, 
however,  a  misprint  has  inverted  the  direction  of  the  current. 
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75.  Without  entering  particularly  into  the  respective  merits 
of  these  arrangements,  I  may  observe  that  eacn  of  the  first 
four  may  be  used  advantageously,  according  to  the  circum- 
stances in  which  the  experimenter  is  placed,  or  the  particular 
experiments  which  he  wishes  to  execute.  The  zinc-iron  bat- 
tery is  somewhat  inconvenient  on  account  of  local  action  on 
the  iron;  but  then  it  presents  great  mechanical  facilities  in  its 
construction.  Mr.  Smee's  and  Mr.  Grove's  are  also  very 
good  arrangements ;  but  the  battery  of  Daniell  is  the  best  in- 
strument for  general  usci  and  is,  moreover^  unquestionably 
the  most  ceconomical. 

Broom  Hill,  Pendlebury  near  Manchester, 
March  2b,  1841. 

P.S.  In  the  above  table  of  galvanic  intensities,  that  of  zinc- 
iron  immersed  in  dilute  sulphuric  acid  is  somewhat  overstated. 
Recent  experiments  convince  me  that  when  the  iron  is  in  its 
best  condition  it  possesses  the  same  powers  as  the  platinized 
silver.  I  attributed  the  iron  battery  to  Mr.  Sturgeon,  who  con- 
structed one  of  these  excellent  instruments  early  in  1839*.  It 
consisted  of  twelve  cast-iron  tubes,  furnished  with  strips  of  amal- 
gamated zinc.  But  I  find  that  the  experiments  of  this  gen- 
tleman were  not  published  as  early  as  those  of  Mr.  Roberts. 
Prof.  Daniell  (Phil.  Trans.  1836,  p.  114)  observed  that  iron 
is  sometimes  more  efficient  than  platinum  in  voltaic  associa- 
tion with  amalgamated  zinc. 

August  11, 1841.  J.  P.  J. 

[*  A  paper  by  Dr.  A.  Fyfe,  on  the  employment  of  iron  in  the  construc- 
tion of  voltaic  batteries,  appeared  in  Phil.  Mag.  for  August  1837:  S.  3, 
vol.  xi.  p.  145,— Edit.] 
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XXXIX*  Ntdices  qfthe  Results  qfihe  Labours  of  Qontinetital 

Chemists.    By  Messrs.  W.  Francis  and  H.  Croft. 

[Continued  from  p.  195.] 

Nim  Method  of  determining  Nitrogen. 

JN  a  letter  addressed  by  Berzelius  to  Prof,  Erdmanni  and 
published  in  the  Joum.Jl  Prakt.  Chem.  for  June  15th^  1841| 
we  find  the  following  important  notice : — ^*  On  preparing  the 
interesting  memoir  of  Dumas  on  the  decomposition  of  organic 
substances,  by  the  action  of  the  hydrate  of  potash,  for  my 
Annual  Report,  it  occurred  to  me  that  nitrogenous  bodies 
should,  when  so  treated,  give  off  the  whole  amount  of  their 
nitrogen  as  ammonia^  which  may  be  received  in  muriatic  acid 
just  in  the  same  manner  as  carbonic  acid  in  a  solution  of  pot- 
ash, and  weighed  as  ammonio-chloride  of  platinum.  I  am  fol- 
lowing up  this  idea  with  M.  Plantamour.  To  guard  against 
the  formation  of  cyanogen,  we  have  commenced  with  com- 
pounds of  cyanogen,  which  ffive  ammonia  just  as  well  as  sal- 
ammoniac  and  lime.  If,  in£ed,  all  should  succeed  according 
to  the  present  appearances,  what  a  valuable  and  easy  contrd 
in  determinations  of  nitrogen  we  shall  thus  obtain !  We  make 
the  experiments  in  the  same  way  as  the  usual  organic  analyses, 
and  pass  the  vapours  over  a  strongly-heated  mixture  of  the  hy- 
drate of  potash  and  hydrate  of  lime,  to  decompose  such  bodies 
as,  for  instance,  anil  (C*«  H^  +  N  H^).'* 

Niirurets* 
On  exposmg  the  white  precipitate  to  a  gradually  increasing 
heat,  a  vast  quantity  of  ammonia  first  passes  over  without  any 
trace  of  nitrogen  gas,  after  which  perchloride  of  mercury-am- 
moniaf  and  ammonia  are  evolved ;  and  a  red  body  remains  in 
the  retort,  which  decomposes  at  a  temperature  above  360^  into 

Gtochloride  of  mercury,  mercury  and  nitrogen.  This  red 
y  is  obtained  purest  when  the  heating  is  continued  in  a  me- 
tallic bath  until  some  protochloride  of  mercui^  has  formed.  It 
consists  of  crystalline  scales,  and  has  quite  the  appearance  of 
the  crystalline  peroxide  of  mercury,  it  is  insoluble  in  water, 
not  affected  by  aqueous  alkalies,  even  at  the  boiling  point  of 
the  liquid.  The  compound  may  be  boiled  with  dilute  and 
concentrated  nitric  acid,  and  with  rather  concenti'ated  sul-« 
phuric  acid,  without  being  decomposed  or  dissolved,  which 
takes  place,  however,  when  it  is  boiled  with  concentrated  sul- 

?huric  acid,  or  with  hydrochloric  acid:  no  gas  is  evolved, 
ieated  beyond  the  boiling  point  of  mercury,  nitrogen  escapes; 
mercury  and  protochloride  of  mercury  are  sublimed.  Several 
experiments  were  made  to  determine  these  three  bodies ;  ac- 
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eording  to  which  the  compound  consists  of  perchloride  of 
mercury  with  nitruretof  mercurj,  2  HgQ  +  Hg^^.    Prot 

Mitscherlich,  by  whom  the  above  researches  have  been  made, 
did  not  succeed  in  isolating  the  nitruret  of  mercury.  This 
has  been  effected  by  Plantamour.  It  explodes  violently, 
equalling,  if  not  surpassing,  in  this  respect  the  iodide  of  nitro- 
gen, but  is  by  far  le&s  sensitive.  It  forms  a  dark  brown  pow- 
der; decomposed  with  oxide  of  copper  after  the  manner  of 
an  organic  analysis,  it  gives  no  water,  but  only  nitro^n  and 
mercury;  the  true  discoverer  of  nitrurets  is,  however,  Scnrbtter, 
to  whose  experiments  we  shall  presently  return.  Mitscherlich 
concludes,  from  the  composition  of  the  chloronitruret  of  mer- 
cury {Quecksilberstic1cstqffbhlorid)i  that  the  white  precipitate 
does  not  consist  of  one  atom  of  the  perchloride  of  mercury 
and  one  atom  of  amidide  of  mercury,  Ilg  CI  +  Hg  N  HP,  but 

of  three  atoms  of  both  substances,  3  Hg  CI  +  8  Hg  N  H^; 

as,  on  heating,  two  atoms  of  ammonia  and  one  of  perchloride 
of  mercury  are  separated*.  The  perbromide  of  mercury  acts 
in  the  same  manner  as  the  perchloride  towards  ammonia, 
giving  off,  on  being  heated,  bromide  of  mercury-ammonia  and 
ammonia,  and  bromo*nitruret  of  mercury  remains  behind. 
The  mercury  behaves  in  these  compounds  in  the  same  way 
as  potassium  to  ammonia;  the  olive-coloured  body  which  is 
obtained  by  the  action  of  potassium  on  dry  gaseous  ammonia 
is  amidide  of  potassium,  (3  K .  N  H^) ;  and  the  graphite-like  sub* 
stance,  which  is  formed  by  exposing  the  amidide  of  potassium 
to  heat,  whereby  ammonia  is  set  free,  contains  nitruret  of  po- 
tassium, K^  N. 

Schrotter,  to  whose  experiments  we  have  above  alluded,  has 
succeeded  in  preparing  several  nitrurets,  of  which  he  has  given 
a  description,  and  their  mode  of  preparation,  analysis  and 
properties,  from  which  we  extract  the  following: — Metallic 
copper  is  not  affected  by  being  treated  with  dried  ammonia- 
cal  gas;  but,  when  well-dried  gaseous  ammonia  is  passed 
over  oxide  of  copper,  situated  in  a  glass  tube  three  feet  lon^, 
and  the  anterior  portion  of  the  tube  where  the  gas  enters  gently 
heated,  formation  of  water  and  evolution  en  nitrogen  take 
place,  without  any  reduction  of  the  oxide  being  perceptible. 
When  the  under  portion  of  the  tube  is  more  strongly  heated, 
reduction  ensues  with  violent  disengagements  of  nitrogen  and 
formation  of  water.  In  the  portion  ofthe  tube  gently  heated, 
the  oxide  of  copper  is  found  to  be  partially  converted  into  a 
green  powder;  while,  in  that  portion  subjected  to  higher  tem- 

*  See  Dr.  Kane's  paper,  Phil.  iMag.,  August  1840,  S.  3>  vol.  xvii.  p.  I2b. 
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perature,  only  reduced  copper  occurs.  When  the  green 
powder  is  heated  over  a  spirit-lamp,  a  beautiful  combustion 
appears  before  red  hent;  at  the  same  time  it  is  converted  with 
violent  disengagement  of  nitrogen  into  metallic  copper :  this 
indicates  that  the  green  powder  is  a  combination  of  nitrogen 
with  copper,  which  is  confirmed  by  numerous  experiments. 
The  formation  of  the  nitruret  of  copper  takes  place  long  be- 
fore the  boiling  point  of  linseed  oil,  and,  in  fact,  at  250^  C, 
while  the  reduction  of  the  oxide  of  copper,  by  means  of  hy- 
drogen, only  takes  place  at  the  boiling  point.  The  degree  of 
division  of  the  oxide  is  of  much  importance,  and  it  is  best  to 
employ  an  oxide  prepared  by  precipitating  a  hot  solution  of 
the  nitrate  of  copper  with  caustic  potash,  and  boiling.  Even 
with  this  precaution  it  is  difficult  to  prepare  a  nitruret  of  cop- 
per perfectly  free  from  oxide ;  for,  after  the  action  of  am- 
monia has  continued  for  about  eight  hours,  all  formation  of 
water  ceases ;  the  powder  must  then  be  well  shaken,  which 
must  be  often  repeated,  and  towards  the  end  of  the  operation 
triturated  several  times  in  a  mortar.  To  produce  twenty 
grammes  of  nitruret  of  copper,  it  is  requisite  to  continue  the 
action  of  ammonia  during  120  hours.  The  hydrate  or  car- 
bonate of  copper  cannot  be  employed  with  the  same  ad« 
vantage  as  the  oxide,  as  they  become  heated  in  contact  with 
ammonia,  and  the  temperature  rises  so  high  that  the  nascent 
nitruret  is  immediately  decomposed.  The  nitruret  of  copper 
is  a  somewhat  blackish,  fine  powder  (the  green  powder  con- 
tains still  undecomposed  oxide  of  copper),  which,  at  a  tempe- 
rature of  about  300%  becomes  decomposed,  whilst  evolving  a 
beautiful  red  light,  into  copper  and  nitrogen,  which  is  mixed 
with  nitric  oxide,  if  the  combination  still  contain  some  oxide. 
In  carbonic  acid,  and  in  ammoniacal  gas,  it  is  decomposed  at 
a  higher,  in  oxygen,  at  a  lower  temperature,  than  in  atmo- 
spheric air.  It  is  not  decomposed  by  pressure  or  friction. 
Acids  decompose  it;  brought  into  contact  with  sulphuric  acid, 
a  violent  disengagement  of  nitrogen  ensues,  and  the  copper 
remains  behind  in  a  metallic  state.  Acids  which  dissolve  the 
copper,  as  nitric  acid,  act  far  more  violently.  It  is  impossible 
to  free  it  entirely  from  adherent  ammonia.  The  analysis  was 
made  according  to  the  method  generally  adopted  for  organic 
nitrogenous  suostances.  The  amount  of  copper  was  deter- 
mined by  dissolving  a  portion  of  the  combination  in  nitric 
acid,  and  converting  the  nitrate  into  oxide  of  copper.  The 
results  obtained  agree  exceedingly  well  with  the  formula 
N  Cu^*. 

[*  See  Prof.  Grove*s  |>aper  on  some  electro  nitrogurets,  in  the  present 
volume,  pp.  100^  103 :  see  also,  Phil.  Mag.  Second  Series,  vol.  iv.  p.  155; 
vol.  vi.  p.  147.— Edit.] 
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Liebig  observed,  that  on  heating  the  bichromate  of  the  per* 
chloride  of  chromium  with  ammonia,  or  the  chloride  of  cnro- 
niium  in  gaseous  ammonia,  metallic  chromium  is  obtained ; 
the  metal  obtained,  according  to  these  two  methods,  exhibits, 
however,  very  different  properties;  the  first  being  a  black 
powder,  which,  under  the  steel,  acquires  a  metallic  lustre,  while 
the  latter  has  a  dull  chocolate-brown  colour.  This  difference 
in  the  properties  induced  M.  Schrotter  to  examine  them  more 
accurately :  he  found,  that  on  heating  the  brown  powder  in  a 
combustion-tube,  from  which  atmospheric  air  had  been  ex- 
pelled by  means  of  carbonic  acid,  a  beautiful  incandescence 
ensued,  accompanied  by  a  violent  disengagement  of  gas,  which 
proved  to  be  nitrogen  mixed  with  nitric  oxide.  Another  ex- 
periment showed  that  the  substance  contained  no  hydrogen ; 
it  is,  therefore,  nitruret  of  chromium.  Its  composition  is  re- 
presented by  the  formula  N^  Cr^.  It  is  impossible  to  free  it 
entirely  from  ammonia.  The  brown  powder  is  a  mixture  of 
the  nitruret  with  the  oxide  of  chromium,  to  obtain  it  free  from 
which  it  must  be  prepared  in  the  following  manner : — The 
chloride  of  chromium  is  heated  in  an  atmosphere  of  hy- 
drochloric gas,  until  it  is  anhydrous;  it  has  then  acquired 
a  beautiful  peach-red  colour,  and  is  deposited  in  crystalline 
laminae  in  the  upper  part  of  the  tube.  On  treating  it  with 
ammonia  all  contact  with  oxygen  must  be  carefully  avoided* 
Thus  prepared,  the  nitruret  of  chromium  is  black,  and  has 
all  the  properties  of  the  body  prepared  after  the  other  method. 
(Mitscherlich  in  Poggendojff's  Annaletif  vol.  xlix.  p.  407 ;  Ber- 
zelius  in  Joum.  Jur  PrakU  Chem.  vol.  xxiii.  p.  230;  and 
Schrotter  in  AnnaL  der  Chem.  undPharm.  vol.  xxxvii.  p.  129.) 

Action  of  Ammonia  on  glowing  Charcoal ;  formation  qfPrussic 

Acid^  4"^. 

In  a  notice  published  in  Liebig's  Ann.  der  Chem.  undPhamu 
vol.  xxxviii.  p.  69,  M.  Kuhlmann  advances  the  following  po- 
sitions, to  which  he  has  been  led  by  experiments  on  the 
properties  of  spongy  platinum  :-^l.  All  volatile  nitrogenous 
compounds  can,  when  mixed  with  air,  oxygen,  or  an  oxygen- 
ous gas,  be  converted  by  this  means  into  nitric  acid  or  hypo- 
nitric  acid :  2,  the  same  compounds  produce  with  hydrogen, 
or  an  hydrogenous  gas,  ammonia :  3,  mixed  with  hydrocar- 
bons, or  when  the  nitrogen  compound  contains  hydrogen  with 
carbonic  oxide,  they  produce  prussic  acid  or  the  prussiate  of 
ammonia.  In  repeating  the  experiment  described  by  Clouet, 
viz.  the  production  of  prussic  acid  by  the  action  of  ammonia  on 
incandescent  charcoal,  M.  Kuhlmann  found  it  to  succeed  per- 
fectly, the  prussiate  of  ammonia  is  obtained  however,  the  free 
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acid  being  decomposed  at  the  temperature  at  which  the  ao- 
tion  takes  place;  at  the  same  time  quadricarburet  of  hydroffen 
is  evolved.  The  decomposition  may  be  expressed  by  the  ToT" 
mula  SC  +  2N«H«  =  N«C«HSN«H<'  +  CH\  The  encr- 
getic  action  of  charcoal  on  ammonia  may  be  turned  to  ac- 
count in  preparing  anhydrous  prussic  acid.  For  this  purpose 
dried  ammonia  is  passed  through  a  porcelain  tube  containing 
small  pieces  of  red-hot  charcoal ;  the  escaping  gases,  containing 
much  prussiate  of  ammonia*  are  conveyed  into  dilute  sulphuric 
acid,  warmed  to  about  50°;  the  ammonia  is  detained  by  the 
sulphuric  acid,  and  only  prussic  acid  escapes,  which  is  con- 
densed in  a  vessel  surrounded  by  a  frigorific  mixture.  The 
acid  thus  obtained  is  quite  as  pure  as  that  from  the  decom- 
position of  cyanide  of  mercury  by  means  of  hydrochloric  acid. 
This  action  of  carbon  with  ammonia  may  also  be  employed  in 
the  preparation  of  the  ferrocyanide  of  potassium ;  the  vapour 
of  the  prussiate  of  ammonia  is  passed  into  a  solution  of  caustic 
potash,  in  which  the  hydrate  of  the  protoxide  of  iron  is  sus- 
pended. 

Similar  experiments  on  the  action  of  ammonia  on  red-hot 
charcoal  have  been  published  by  M.  Langlois  in  the  Annates 
de  Chim.  et  de  Phys.  Sieme  Sir.  t.  i.  p.  117,  which  agree  with 
the  above,  with  the  exception  that  the  gas  which  escapes  at  the 
formation  of  the  prussiate  of  ammonia,  is  stated  to  contain  nei- 
ther nitrogen  nor  carburetted  hydrogen^  but  to  be  pure  hydro- 
gen. To  explain  the  decomposition  M.  Langlois  adopts  the 
notion,  that  one  equiv.  of  ammonia,  N^  H^,  becomes,  on  con- 
tact with  incandescent  charcoal,  N*  H*  +  H^;  the  two  eouiv. 
of  hydrogen  are  then  replaced  by  two  equiv.  carbon  to  lorm 
prussic  acid,  which  immediately  enters  into  combination  with 
one  equiv.  of  undecomposed  ammonia ;  a  portion  of  the  hy- 
drogen of  the  ammonia  being  replaced  by  carbon  exactly  as 
the  oxygen  of  the  metallic  oxides  by  chlorine^  when  exposed 
with  the  latter  to  a  high  temperature.  0*114  of  the  salt  gave 
0*340  cyanide  of  silver,  corresponding  to  0*068  prussic  acid, 
which  gives  the  formula  N«  H*  +  C*  r}*H«. 

Double  Cyanurets  qfZinc  with  Alkalies  and  Earths. 

Samselius  has  found  that  these  combinations  may  likewise 
be  obtained,  (besides  in  the  usual  moist  way,  by  dissolving  cya- 
nide of  zinc  in  the  alkaline  cyanides,)  by  mixing  the  alkaline 
cyanides  with  carbonate,  or  any  other  salt  of  the  oxide  of  zinc, 
as  long  as  the  cyanide  of  zinc  is  redissolved,  upon  which  the 
double  salt  is  obtained  on  evaporation,  at  least,  as  far  as  may 
be  concluded  from  the  action  with  cyanide  of  potassium. 
Caustic  ammonia  dissolves  cyanide  of  zinc,  and  soon  deposits 


Digitized 


by  Google 


StiUo^  and  Attenio-Sidphurets.  i8S 

the  double  salt  The  double  salt  of  barytes  cannot  be  ob- 
tained by  precipitating  a  solution  of  cyanide  of  zinc-potassium 
with  acetate  of  barytes.  It  gives  a  white  precipitate,  insolu- 
ble, or  nearly  so,  which  contains  barytes,  with  evolution  of 
a  strong  smeU  of  prussic  acid.  A  corresponding  combination 
with  oxide  of  lead  was  obtained  on  precipitating  cyanide  of 
zinc-potassium  with  acetate  of  lead.  It  forms  a  white  powder. 
Acetic  acid  removes  the  lead,  leaving  cyanide  of  zinc  behind. 

The  compound  was  not  analysed^  but  regarded  as  Zn  Cy  +  Pb. 

This  kind  of  combination  of  a  cvanide  with  an  oxide  of  another 
metal  will  be  new  and  remarkable,  should  it  be  confirmed.  Cya- 
nide of  zinc-magnesium  could  not  be  prepared ;  the  cyanogen 
is  decomposed  during  evaporation,  and  a  brown  substance  is 
deposited.— (£erj!r.  Jahresber^  vol.  xx.  part  ii.  p.  159.) 

On  the  Stibio-  and  Arsenio-Sulphurets. 

Persulphuret  of  antimony,  Sb^  S^  combines  with  basic  sul- 
phurets  to  form  very  peculiar  crystallizable  salts,  of  which,  how- 
ever, only  the  sodium  and  potassium  compounds  have  been  ex* 
amined.  Dr.  Rammelsberg  has  published  a  memoir  on  the 
subject.  Some  chemists  consider  Sb^  S^  as  a  mixture  of 
Sb^  S^  +  SS  because  it  is  decomposed  into  these  elements  by 
boiling  with  oil  of  turpentine ;  its  power^  however,  of  form- 
ing characteristic  salts,  speaks  for  its  being  a  determinate 
compound.  [A  fact  in  favour  of  its  being  a  determinate  sul- 
phuret  is,  that  when  boiled  with  .caustic  soda,  stibio-persul- 

E buret  of  sodium  and  antimoniate  of  soda  are  formed,  but  no 
yposulphite ;  on  the  other  hand,  the  two  atoms  of  sulphur 
may  be  driven  out  at  a  temperature  by  which  sulphur  boils ; 
they  may  also  be  extracted  by  sulphuret  of  carbon.]  (M it- 
scherlich,  Paggendorff^s  Annalen^  xlix.  p.  412.) 

The  stibio-persulphurets  may  be  formed  in  several  ways. 
Those  with  the  bases  of  the  alkaline  and  earthv  metals  are 
soluble  in  water,  and  are  either  colourless  or  yellow ;  the  in- 
soluble salts  are  of  various  colours.  The  soluble  sulphurets 
are  decomposed  by  carbonic  acid;  the  insoluble  ones  are 
often  very  difficult  of  decomposition. 

The  stibio- persulphuret  of  potassium  is  deliquescent;  its  for- 

mulaisSKS+ Sb2S5  +  9H«0,orlt»^  +  9H.     When 

sulphuretted  hydrogen  is  passed  through  a  solution  of  the 
neutral  antimoniate  of  potash,  persulphuret  of  antimony  is 
thrown  down,  and  the  above-mentioned  stibio-suiphuret  re- 
mains in  solution.  Persulphuret  of  antimony  loses  its  colour 
when  treated  with  a  solution  of  caustic  potash ;  it  dissolves. 
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and  at  the  same  time  a  heavy  white  powder  is  formed ;  this 

is  bin-antimoniate  of  potassa,  K  Sb  +  6  H.    If  the  solution  be 

evaporated  to  a  certain  point,  and  then  allowed  to  cool,  a 
colourless  salt  separates  in  long  acicular  crystals;  they  are 
not  deliquescent,  but  soon  become  covered  with  a  brown 
substance.  They  are  soluble  in  boiling  water,  but  decomposed 
by  cold  water,  by  which  part  is  dissolved,  and  antimoniate 
of  potash  remains  behind.  This  is  a  compound  of  the  stibio- 
persulphuret  with  antimoniate  of  potash.  Its  formula  is 
(3KS  +  Sb«S^  +  9  H«  O)  -h  (KO  +  Sb«  (^  +  H«0),  or 

(It^gt  +  9H)  +  (kSb  +  H).  With  soda  no  such  salt 
can  be  obtained. 

StibiO'Sulphuret  of  Sodium, — Schlippe's  salt  crystallizes  in 
tetrahedrons ;  subordinate  are  the  faces  of  the  second  tetra- 
hedron, dodecahedron,  and  tetratrishexahedron  {a:  —acca). 

The  solution  of  this  salt,  by  exposure  to  the  air,  deposits  a 
reddish-brown  powder:  in  the  solution  are  contained  car- 
bonate and  hyposulphite  of  soda.  As  to  the  formula  of  tbb 
salt  there  is  some  degree  of  uncertainty.     Different  formulas 

have  been  given.    Duflos's  is  Na^  Sb  +  8  H;  Liebig's,  Na  Sb 

+  12  H ;  Schlippe's,  Na^  Sb  +  20  H.     Rammelsberg  found 

lvIa3Sb+  18  H. 
The  barium  salt  can  be  obtained  crystallized;  its  formula  is 

iasgjb-f  6H. 

The  ammonium,  strontium,  calcium  and  magnesium  salts 
do  not  crvstallize;  they  all,  however,  contain  three  atoms  of 
basic  sulphuret. 

To  obtain  the  pure  metallic  stibio-sulphurets,  the  solutions 
of  the  metallic  salts  must  be  added  gradually  to  an  excess  of 
the  alkaline  stibio-sulphuret. 

The  silver,  lead  and  copper  salts,  obtained  in  this  manner^ 

have  the  formulae  Xg^^,  l^b^  S^,  Cu^  S\).  When  the  silver 
salt  is  heated  sulphur  is  given  off,  and  a  substance  remains 
having  the  formula  Ag^  &'b,  the  same  as  red  silver ;  by  heat- 
ing the  lead  compound,  Pb^  Sb  is  obtained ;  this  is  the  com- 
position of  Boulangerite.  With  corrosive  sublimate  the  salt 
Hg^  Sb  may  also  be  obtained.     With  sulphate  of  zinc  an 
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t  * 
orange-coloured  body  is  formed ;  its  composition  is  ttv?  Sb' 

+  Zii- 

When  the  alkaline  stibio-sulphuret  is  added  to  an  excess 
of  the  metallic  salt,  and  the  whole  boiled  for  some  time,  a 
totally  different  kind  of  salt  is  produced.  By  caustic  potash 
these  salts  are  decomposed  into  metallic  sulphurets  and  anti- 
monic  acid.     The  silver  salt  contains  Ag^  1^  Sb^  O^ ;  it  may 

be  either  Ag^  Sb  +  5  Ag,  or  8  Ag  +  Sb.  The  lead  and  cop- 
per salts  have  the  same  constitution.  With  chloride  of 
mercury  a  white  precipitate  is  obtained ;  its  composition  is 

rig3g6-f  3HgCl*-f  SHg. 

When  arsenio-sulphuret  of  sodium  is  added  to  an  excess 
of  sulphate  of  copper,  and  the  whole  boiled,  the  black  inso- 
luble substance  which  is  formed  is  sulphuret  of  copper,  Cu  S, 
and  in  the  solution  is  arsenic  acid,  containing  the  whole  of 
the  employed  arsenic.  It  is  therefore  probaole  that  these 
above-mentioned  salts  are  compounds  of  the  metallic  sul- 
phurets with  antimonic  acid.  {Poggendoiff^s  Annalen^  lii. 
p.  193-242.) 


XL.  Meteorological  Summary/  of  the  Weather  at  Montreal^ 
Province  of  Canada^  in  Lat.  45®  Scy  K,  Long.  73®  22^  fT., 
Jrom  Registers  kept  {bj/  J.  S.  M^Cord,  Associate  Member  of 
the  Lopidon  Meteorological  Society,  MenAer  of  the  Natural 
History  Society  of  Montreal,  Corresponding  Member  of  the 
Literary  andHistorical  Society,  Quebec,  and  Albany  Institute, 
New  York,)  for  Jive  years,  from  1836  to  1840  inclusive^. 


TEMPERATURE. 

ANNUAL   TEMPERATURE. 

Mean  Temp. 

Max.  Temp. 

Min.  Temp. 

Range. 

1836. 
1837. 
1838. 
1839. 
1840. 

40-43 
41*22 
41-58 
44-07 
44-29 

90-00 
9000 
90-00 

89-00 
91-00 

-19-00 
.18-00 
-13-00 
—1800 
-14-50 

109-00 
108-00 
103-00 
109-00 
105-50 

Mean. 

42-31 

9000 

-16-50 

106-90 

*  Reprinted  from  a  table  privately  distributed  by  the  autlior,  coromum- 
cated  by  Dr.  Daubeny. 
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TEMPERATURE. 


MEAN  MONTHLY  TEMPERATURE. 


1836. 
1837. 
1838. 
1839. 
1840. 


Mean, 


Jan. 


J  7 -05 
870 
21-00 
12*70 
10-45 


13-98 


Feb. 


11-32120-90 
15-78  2515 
9-00  31-60 
20*80  29*30 
23-50  130*55 


Apr. 


35-24 
40-40 
34-50 
45-50 
44-46 


May. 


53-32 
52-15 
52-80 
52-90 
73 


J55' 


1608  27-50 ,40-02  53-38 


Jane. 


65-25 
65-55 
69-90 
62*20 
66-99 


65-97 


July. 


7190 
65-60 
68-90 
70-00 
71-96 


69-67 


Aug.  Sept. 


Oct. 


63-05  te7-46p9-37 
65-15  58-30  43-20 
65-50  57-90 146*<50 
66-50  59-60 


3a-«4 


3370 

28-80 
34-40 

70-87  59-26  46-35  34-36 


66-21  58*50 '45-10  32-70 


Not. 


Dec  J 


18*09 
2055 
12-40 
25-00 
17-02 


18-69  4>; 


WEATHER. 

Clear. 

Cloudy. 

Rain. 

Snow. 

Showerk 

Fog. 

1836. 
1837. 
1838. 
1839. 
1840. 

151-50 
135-25 
14675 
167-00 
141-25 

134-79 
13275 
112*50 
118*50 
138-50 

34-00 
34-25 
32-50 
43*00 
38-50 

25-75 
1300 
16*50 
13-75 
2100 

10-00 
9-50 
13-25 
1000 
11-25 

1-00 
2-25 
0-50 
675 
5-50 

357-04 

327-00 

322^ 

359H» 

356-00 

Mean. 

148-35 

127*40 

36-45 

18*00 

10-80 

3-20 

Averaging  per  cent.—CleAr  days  about  44 ;  Cloudy,  35 ;  Rate,  11; 
Sbowaiy,  3 1  Fog,  Hail,  &c.  2. 

Snow,  5^  1 

1 

PRESSURE. 
Corrected  and  reduced  to  a»o  F. 

RAIN. 

WINDS. 

1836. 

1837. 
1838. 
1839. 
I840. 

Meen  Ann. 
PrwMire. 

Annual 
Range. 

Inches. 

WESTXaLT. 
lf.W.W.I.W. 

EAfnaLT. 

V.S.K.8.K. 

Nortb. 

8outli. 

Kcrffe- 
oteercL 

29*920 
29*823 
29-884 
29909 
29-895 

1-550 
1758 
1*498 
2128 
1-569 

19.20 
16-90 
18-60 
15.90 
27-55 

189-20 
200-00 
163-00 
17900 
188-50 

46-25 
32-QO 
32-25 
8300 
71-50 

65*85 
56-50 
66*75 
63-50 
47-50 

55-66 
38-50 
49-25 
33*50 
45-50 

357-00 
32700 
31125 
359« 
353'« 

Mean. 

29-886 

1-700 

19-63 

183-94 

53-00 

60-02 

44-48 

i 

3r  about  .    .    •  54  per  ceDt.|15  per  cent ; 

18  px.  13p.  cj 

SNOW-OAUOE. 


Winter  of  1830— 31 

73-90  inches* 

31—32 

107-60    ... 

32-33 

60-60    ... 

33-34 

51-00    ... 

34—35 

84-95    ... 

35—36 

86*45    ... 

36-37 

65-50    ... 

37-38 

49-85    ... 

38--39 

47-70    ... 

39-40 

49-40    .  - 

Mean. 

67^i 

These  obserrations  are  all  made  with  instruments  by  flnt  (Bridsh)  artist 
duly  compared  with  standards,  and  every  precaution  taken  in  Uieir  position  » 
ensure  the  most  correct  indicatioDs.  The  dty  of  Montraal  is  abcmt  46  foet  above 
the  tide  waters  of  the  St.  Lawrence;  the  Barometer  abont  45  6at  ^boft  the 
mean  level  of  the  St.  Lawrence.  Total  eleration  of  Barometer  abvre  the  tide 
WAten  of  (be  St.  Lawxencei  91  feet. 
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XLI.  Bemarks  on  a  Statement  in  the  Traits  de  M^canique 
of  Poisson*  By  Jkhlea  Booth,  M.A.^  Principal  qf^  and 
Professor  of  Mathematics  in  Bristol  College*. 

TN  a  work  of  great  and  deserved  celebrity,  to  be  found  in  the 
''  hands  of  every  student  of  mechanical  science — the  TraitS  de 
Micanique  of  Poisson— the  author,  in  determining  the  three 
principal  axes  of  rotation  of  a  body,  states  correctly,  that  a 
principal  axe  passing  through  the  centre  of  gravity  is  also  a 
principal  axe  for  any  point  assumed  alon^  this  line,  but  seems 
to  have  committed  an  oversight  in  saymg  that  the  two  re- 
maining principal  axes  of  the  assumea  point  will  vary  in  di- 
rection as  the  point  shifts  along  the  line.  His  words  are,  after 
giving  the  formula  for  determming  the  angle  6  between  the 
principal  axe  Oa/  of  the  point  O^  and  the  axis  of  coordinates 
Oo?,  *^  Les  int^grales  Gue  cette  Equation  renferme  pourront 
changer  de  valeur  avec  la  position  du  point  O ;  en  sorte  que 
le  long  de  Taxe  Ox,  les  deux  autres  axes  principaux  ne  seront 
pas,  en  g^n^ral,  pardleles  a  eux-memes." — Traite  de  Mica'- 
nique^  torn,  ii.  page  91. 

The  equation  by  which  0  is  determined,  as  given  by  Pois* 
son,  is 

{cos^O-^sm^  6)  fay  dm  +  s\n0  CO30  (/x^dm  ^  y^  dm)  =  0, 
which  may  be  reduced  to 

«/i  2/xydm 

tan2g  =    ^/o   *^g,  ,     . 

Now  of  the  three  coordinates  xyz  of  the  particle  dm^  the 
only  one  which  varies  by  shifting  the  point  O  alonff  the  axis 
of  Z  is  z;  but  the  above  expression  for  the  value  of  tan  2  d  is 
independent  of  Zf  hence  the  angle  0  is  constant,  or  the  prin- 
cipal axes  are  always  parallel  for  any  point  along  the  line. 

A  direct  demonstration  from  established  principles  of  the 
parallelism  of  the  principal  axes  in  this  case  may  be  given  as 
follows: — 

Assuming  then  that  a  principal  axe  of  rotation  through  the 
centre  of  gravity,  is  also  a  principal  axe  for  any  point  taken  on 
this  line,  let  G  X,  6  Y,  G  Z  be  the  three  principal  axes  of  the 
body  passing  through  the  centre  of  gravity  G,  O  any  point  as- 
sumed on  the  axis  G  Z ;  if  the  three  principal  axes  through 
this  point  are  not  parallel  to  those,  through  the  centre  of 
gravity,  let  the  principal  axe  Oa'  make  with  the  line  Ojr, 
which  is  parallel  to  the  line  G  X,  the  angle  « ;  let  the  mo- 
menta of  inertia  round  the  principal  axes  G  X,  G  Y,  G  Z  be 

*  Communicated  by  the  Author. 
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A,  B,  C,  while  the  moments  of  inertia  round  the  principal 
axes  O  A-',  Oy,  O  Z  are 
A',  B',  C ;  through  the  centre 
of  gravity  and  the  point  O, 
let  any  two  arbitrary  parallel 
right  lines  be  drawn,  O  m  and 
On;  let  the  moments  of  in- 
ertia round  these  right  lines 
be  D  and  IV,  and  put  the 
distance  6  O  ss  (;. 

Let  the  angle   ZGm  or 
ZOn  be  ^,   the  angle  be-  ^. , 
tween  the  planes  ZG  A  and  ^^ 
Z  G  m  =  4>9  then  we  shall  have 

D  =  A  sin«  tf  cos«<l>  +  B  sin«dsln«  <l>  +  C  cos«  0  (I.) 
But  as  the  line  On  is  parallel  to  Gm  and  distant  from  it  by 
the  distance  c  sin  5,  we  shall  have  {Traiti  de  Mecaniqtte^ 
tom.  ii.  page  53.),  M  being  the  mass  of  the  body, 

ly  =  D  +  M  c'sin*  tf,    or  putting  for  D  its  value, 

lys  Asin«flcos«*  +  Bsin«  tf  sin«*  -f  Ccos^dl  ,,.. 
+  Mc«  sin«d /(^*-^ 

The  angle  between  the  planes  ZOn  and  ZO4/  is  (4)— co): 
referring  then  the  moment  of  inertia  D'  to  the  moments  of  in* 
ertia  of  the  three  principal  axes  passing  through  the  point  O, 
we  find 


D'  =  A'sin«dcos«(<I>-«)  +  B'sin2tfsin«(<()-.») 
+  Ccos«d 


}(IIL) 


Equating  the  values  of  D'  given  by  equations  (II.)  (III.)» 
eliminating  and  dividing  by  sin^  d,  there  results 

Acos**  +  B'sin«<l>  -f  Mc«  =  A'cos«(<I>  -«)\/it7% 
-f  B'  sin«  (♦-») J^*^-^ 

We  have  now  to  determine  A',  B'. 

Through  G  let  a  right  line  G  /  be  drawn  parallel  to  Ox'; 
the  moment  of  inertia  round  this  line  is  A  cos^  co  +  B  sin^  oi, 
and  as  this  line  passing  through  the  centre  of  gravity  is  distant 
from  O  x^  by  c,  the  moment  of  inertia  round  O  x^  or  A'  is 
equal  to 

A  cos*  a  4-  Bsin^o)  +  M  A  Similarly,  • 

B'  =  A  sin««  +  Bcos««  4-  Mc*. 
Substituting  these  values  of  A'  and  B'  in  (IV. ),  we  find 

A  cos*  ♦  +  B  sin*  <p  =  A  {cos*  00  cos*  ($ — '•-)i4-  sin*  ml 

sin*(<I>— w)}  -f  B{sin*«)Cos*(^— cu)  -h  cos*fitf  I  (V.) 
sin*(<f— »)} •    •    .     .     J 
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Now  <!>  =  «  +  ♦— w,  hence 

cos  <^  =  cos  »  cos  (^— oo}— sin  »  sin  (^— «)»  or 

cos*  ♦  =  cos*  00  cos*  (<!>—») +sin*  «  sin*  ($ — ») — 2  sin  »  cos  eo 
cos  (♦— »)  sin  (<f — «).     Similarlyj 

sin*  f  =  sin*  «  cos*  (♦—»)+  cos*  o)  sin*  (<!>—«)  +  2  sin  «  cos  » 
cos  (♦— »)  sin  ($—»). 

Putting  these  values  of  cos*  ^^  sin*  ^  in  the  first  member  of 
(V.)  and  eliminating,  we  find 

(A-B)  sin  2  eo  sin  2  (♦— «)  =  0  .  .  .  .     (VI.) 

Now  as  $  is  quite  arbitrary,  we  may  always  assume  it  dif- 
fering in  value  from  »,  hence  we  may  consider  sin  2  (^  —  00) 
as  always  different  from  zero ;  dividing  then  by  this  factor, 
equation  (VI.)  is  thus  reduced  to 

(A-B)sin2«  =  0 (VII.) 

This  equation  is  satisfied  when  A  ss  B  by  any  values  of  or, 
or,  in  other  words,  when  the  moments  of  inertia  round  two  of 
the  principal  axes  passing  through  the  centre  of  gravity  are 
equal ;  any  pair  of  rectangular  axes  in  a  plane  perpendicular 
to  the  third  principal  axe  arc  also  principal  axes. 

When  A  is  not  equal  to  B,  equation  (VII.)  can  only  be 

satisfied  by  the  values  oi  =  0,  or  00  =   -3-,  or  the  principal 

axe  O  af  coincides  with  O  Xy  which  is  parallel  to  G  X,  hence 
we  may  deduce  the  following  theorem  :— 

The  principal  axes  of  rotation  of  a  body  passing  through 
any  point  assumed  on  one  of  the  three  principal  axes  through 
the  centre  of  gravity^  are  always  parallel  to  these  axes, 

XLII.  On  the  Fdcal  Lengths  and  Abetrations  of  a  thin  Lens 
of  Uniaxal  Crystal,  bounded  by  Surfaces  which  are  ofRevo^ 
lulion  abmU  its  Axis.  By  Sir  William  Rowan  Hamil- 
ton, PM.LA.J  Member  of  several  Scientific  Societies  at 
Home  and  Abroad^  Professor  of  Astronomy  in  the  University 
of  Dublin  J  and  Royal  Astronomer  of  Ireland*. 

^T^HE    following  short  investigation    may  perhaps  be  not 
-^    without  interest  to  the  students  of  mathematical  optics, 
as  serving  to  illustrate  a  general  method,  and  to  correct  an 
important  error  into  which  an  eminent  writer  has  fallen. 

1.  Let  a  ray  of  ordinary  light,  in  vacuo^  and  in  the  plane 
of  X  Zj  proceeding  from  or  towards  a  given  point  on  the  axis 
of  z^  be  incident  nearly  perpendicularly  on  a  given  surface  of 
revolution,  a  d  there  undergo  extraordinary  refraction  at  en- 

*  Communicated  by  the  Author. 
Phil.  Mag.  S.  3.  Vol.  19.  No.  124.  Oct.  1841.  U 
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tering  a  ^iven  uniaxal  crystal,  of  which  the  <»tical  axis  co- 
incides with  the  axis  of  revolution  and  of  »•  It  is  required 
to  determine  the  intersection  of  the  refracted  ray  with  the 
axis;  the  distance  of  the  point  of  incidence  from  the  vertex, 
or  tlie  semiaperture  of  the  crvstal,  being  given. 

2.  The  law  of  this  extraordinarv  refraction  may  (according 
to  the  general  methods  of  my  ^  Tneory  of  Systems  of  Rays, 

Eublished  in  the  Transactions  of  the  Royal  Irish  Academy,) 
e  thus  expressed : 

{^^tJ)  8f  +  (u^'Z)  8  5  sa  0 (1.) 

In  this  formula,  ^,  ^  are  (in  the  plane  otxz)  the  rectangu* 
lar  coordinates  of  incidence,  and  are  connected  by  the  equa- 
tion of  the  meridional  section  of  the  given  refracting  surface 
of  revolution,  which  equation  we  may  suppose  to  be  (at  least 
nearly  enough  for  our  present  purpose)  developed  under  the 
form 

?  =  -5r+~r.  (2.) 

r  being  the  curvature  at  the  vertex,  and  s  being  another  con- 
stant, which  in  the  case  of  a  spheric  surface  is  half  of  the 
cube  of  that  curvature ;  a',  •/  are  the  cosines  of  the  inclinations 
of  the  incident  ray  to  the  positive  semiaxes  of  x  r,  so  that 
they  are  connected  by  the  relation 

a«  +  y«  =  1 ; (3.) 

and  (r,u  are  the  components  of  normal  slowness  of  the  extra- 
ordinary wave  within  the  crystal,  so  that,  if  ft  be  the  ordinary 
and  V  the  extraordinary  index,  these  components  are  con- 
nected by  the  relation 

fi«  (r«  +  v«u«  =  j*«  y« (♦.) 

And  these  quantities,  J  */  9  u^  are  such,  that  if  a/  4'  be  the 
coordinates  of  any  point  on  the  incident  rajr,  we  have 

(f-a:')8a'-f-(?-^)8y=  0;  .*..  (5.) 
and  if  sy  be  the  coordinates  of  any  point  on  the  refracted  ray, 
we  have 

(^  -  f)  8(r  +  («  -  ?)  8t;  =  0. (6.) 

3.  Making  then 

T  =  f((r-«')  +  {:(«-y)» (7-) 

we  have  first  the  equation 

4f=°'  ••• ;•••  ^'-^ 

which  contains  the  law  of  extraordinary  refraction,  and  by 
which  £  can  be  eliminated  from  the  expression  of  T,  so  as  to 
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leave  that  quantity  T  expressed  as  a  function  of  of  and  o-  only; 
^  being  here  treated  as  a  known  function  of  £,  y'  of  off  and 
0  of  0-.     And  since,  by  (1.)  (5.)  (6.), 

we  have,  by  (S.)  and  (4.),  the  following  equations,  for  the  in- 
cident and  refracted  rays  respectively : 


VV 


8<r* 


4.  The  approximate  equation  (2.)  of  the  section  of  the  re- 
fracting surface,  which  gives  ^  as  an  explicit  function  of  0,  is 
now  to  be  combined  witn  the  following  analogous  expressions 
for  the  functions  y  and  u,  deduced  from  the  relations  (S.) 
and  (4.) : 

y  =  i--f ju-m-It-; 02.) 

and  tbus^  the  expression  (7.)  for  T  becomes,  if  we  neglect 
terms  which  are  small  of  the  sisth  dimension  with  respect  to 

T      =T<*>  +  T^<>; (18.) 

Tf''^  =  f(T-«')  +  irro*-i); (u.) 

T(*)  =  i5rO*-l)-irJ«(i^-««)...   (15.) 

And  to  eliminate  ^,  it  is  sufficient  to  employ  the  equation  (8.) 
under  the  approximate  form 

0*  -^^  =«(r-«'  +  rg(l*-0;    (16.) 

for  although  the  complete  expression  for  the  abscissa  ^  of  in- 
cidence contains  terms  of  the  third  and  higher  dimensions 
with  respect  to  a!  and  o-,  yet  the  introduction  of  these  terms 
of  f  would  only  introduce  terms  of  the  sixth  and  higher  di- 
mensions, in  the  expression  for  the  function  T. 

5.  Retaining  therefore  ^  as  an  auxiliarv  symbol,  of  which 
the  meaning  is  determined  by  the  formuhi  {16.\  and  making 
the  abscissae  x'  and  s  to  vanish  in  the  equations  of  the  two 
rays,  (10.)  and  (ll.)f  in  order  to  discover  the  relation  between 
the  ordinates  s/  and  z  of  the  intersections  of  those  two  rays 
with  the  axis|  we  find 
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+  «'«'(l+^)=-f  +  ?^\ (17.) 

anil  therefore,  taking  the  reciprocals, 

-f=tv+-2-)+-?t;?-'  ••••  (1^-) 

Adding  these  last  two  equations,  attending  to  the  value  (16.) 
of  f,  and  observing  that  T^*\  after  substitution  of  that  va- 
lue, becomes  a  homogeneous  function  of  the  fourth  dimen* 
sion  of  a'  and  cr,  so  that 

^'^' -'-??=♦•.<'.. (-) 


6«'    ^"     8(r 
we  find  this  relation 


And  cbanginff,  in  the  second  member,  a!  and  cr  to  their  ap- 
proximate values  given  by  (19.)  and  (20.),  namely, 


we  find 
_  1 


«'=  ^1,      (r=~?^,     (23.) 

2*      .  fLZ 


-y-0*-l)r 


(24.) 


B^  suppressing  the  second  member,  we  get  the  intersection 
ot  the  axis  with  a  refracted  ray  infinitelv  near  it,  or  the  ex- 
traordinary focus  of  the  central  rays;  by  taking  account  of 
that  member  we  get  the  longitudinal  aberration. 

6,  As  a  verification,  we  may  consider  the  case  of  an  ordi- 
nary refraction  at  a  spheric  surface  as  being  included  in  the 
foregoing,  and  the  formula  for  that  case  must  result  from  the 
equation  (24.),  by  making  therein 

v=M,     ^  =  4-^ (25.) 
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Accordingly  these  valaesgive 

7-7- ('-"'■ 

in  the  second  member  of  which  we  have 

'•(^-7--)=''(T-0(i-T-4 
?i-?^  +  ''  =  (7 -"■)  (?i-7-'')' 

and  may  write 

''(T-0"7~''=;r^(?-T)' 

the  formula  for  an  ordinary  spheric  refraction  is  therefore  thus 
found  to  be 


"  ;r=i  V  ""T"^)  kt^v)  ir 


(26.) 


in  which  it  may  be  remarked  that  ( -p- j  f*  is  the  square 

of  the  angular  deviation^  and  which  is  easily  seen  to  agree 
with  known  results. 

7.  Returning  to  the  crystal,  let  it  be  bounded  by  a  second 
surface  of  revolution)  infinitely  near  to  the  former,  and  about 
the  same  axis;  and  let  the  light  emerge  at  this  second  surface 
into  a  vacuum  again.  The  equation  of  the  second  surface 
being 

a^^fe^  +  ^s'e*,    (27.) 

and  the  ordinate  of  the  intersection  of  the  emergent  ray  with 
the  axis  being  a^j  the  formula  (24.)  will  apply  to  this  new 
case  by  merely  changing  r,  5,  ar',  z  respectively  to  —  r*,  —  5*, 
^  sfj  --^  Zy  without  changing  ft,  v,  ^;  and  we  have 

^  +  ^  +  (.-i)H  y^ 

And,  adding  the  two  equations  (24.)  and  (28.),  we  find 
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1 


ft «'  2" 

a  formula  for  the  focal  lengths  and  aberrations  of  a  lens  of 
uniaxal  crystal  bounded  by  any  two  infinitely  near  surfaces, 
which  have  the  optical  axis  of  the  crystal  for  their  common 
axis  of  revolution  :  all  cases  of  cusps  or  other  singular  curva- 
tures at  the  common  vertex  being  here  set  aside. 

8.  We  shall  content  ourselves  at  present  with  drawing  two 
conclusions  from  this  formula.  First,  that  because  the  extra- 
ordinary index  v  disappears  from  the  part  unaffected  with  the 
small  factor  p,  the  central  focus  of  the  extraordinary  rays, 
after  emerging  from  the  thin  crystalline  lens,  coincides  with 
the  central  focus  of  the  ordinary  rays  which  emerge  from  the 
same  lens,  wherever  in  the  axis  the  focus  of  the  incident  rays 
may  be :  whereas  Malus  *,  misled  by  an  error  of  sign  in  a  ra- 
dical which  he  employed  for  expressing  the  law  of  extraordi- 
nary refraction  in  the  case  of  an  uniaxal  crystal,  thought  that 
these  foci,  ordinary  and  extraordinary,  might  differ  widely 
from  each  other.  And  second,  that  on  account  of  the  pre- 
sence of  y  in  the  term 

s^=^  (-) 

the  ordinary  and  extraordinary  aberrations  cannot  be  exactly 
the  same  (the  power  (f^  —  1)  {r  ^  t')  of  the  lens  being  sup- 
posed to  be  different  from  0),  miless  the  «  in  the  denominator 
of  this  term  become  infinite ;  that  is,  unless,  wherever  the 
focus  of  incident  rays  may  be,  the  lens  is  so  placed  as  to  allow 
the  rays  within  the  crystal  to  be  exactly  parallel  to  the  axis. 
If  then  a  lens  of  this  sort  be  used  for  the  object-glass  of  a  te- 
lescope, it  seems  to  be  desirable  that  its  anterbr  surface,  or 
that  on  which  the  parallel  rays  fall,  should  be  plane,  and  that 
the^  correction  of  the  aberration  of  figure  should  be  effected 
entirely  by  another  lens,  composed  of  an  uncrystallized  mate- 
rial. W.  R.  H. 
Observatory  of  Trinity  College,  Dublin, 
September  14,  1841. 

•  Perhaps  it  may  not  be  improper  to  mention  here,  as  I  am  not  aware 
that  the  correction  of  Malus's  result,  respecting  the  extraordinary  focal 
leogtb  of  a  lens  of  oniaxal  crystal,  has  been  nitherto  published  by  any  other 
persopi  that  this  correction  occurred  to  me  many  years  ago,  in  treitting  the 
question  by  my  own  methods,  which  made  it  scarcely  possible  to  fall  into 
tnesame  error.  The  discrepance  between  my  conclusion  and  his  was,  how- 
ever, so  great,  that  I  was  at  first  perplexed  to  account  for  it,  until  f  traced 
that  error  of  sign  in  hb  calculations,  to  which  allusion  has  been  made  abo?e. 
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XLIIL  Experiments  on  the  alleged  Conversion  of  Carbon 
into  Silicon.  By  R.  H.  Brett,  Ph.  D.,  and  J.  Denham 
Smith,  Esq. 

To  Richard  Phillips^  Esq. 
Dear  Sir, 

IN  the  Transactions  of  the  Royal  Society  of  Edinburgh  of 
this  year,  some  experiments  have  been  detailed  by  Dr. 
S.  M.  Brown,  announcing  the  startling  discovery,  that  carbon 
in  certain  states  of  combmation  is  susceptible  of  conversion 
into  silicon,  and  inviting  a  repetition  of  the  trials  made  by 
the  author. 

Anxious  to  satisfy  ourselves  respecting  the  accuracy  of  the 
statements  made  by  Dr.  Brown,  we  instituted  the  subjoined 
experiments  for  the  purpose  of  verifying  the  results  which  he 
details. 

In  his  experiments  Dr.  Brown  has  made  use  of  paracyano- 
gen,  obtained  by  the  decomposition  of  the  bicyanide  of  mer- 
cury; the  paracyanogen  employed  by  us  was  produced  bv 
the  decomposition  of  hvdrocyanic  acid ;  this  was  of  a  brownish 
black  colour,  and  soluble  in  sulphuric  acid,  from  which  it  was 
precipitated  on  the  addidon  of  water.  It  contained  traces  of 
sulphate  of  lime  and  iron. 

We  have  deemed  it  unnecessai7  to  repeat  the  whole  of  the 
numerous  and,  in  many  cases,  prolonged  experiments  given 
in  the  paper,  but  have  selected  those  wnich  bore  most  directly 
on  the  stated  transformation;  the  modes  of  procedure  and 
the  results  arrived  at  by  us,  we  shall  describe  without  explans^ 
tion  or  comment. 

In  page  231  of  the  Transactions  we  find  it  stated,  that  a 
tightly  luted  Berlin  porcelain  crucible,  filled  with  paracyano- 

Sen,  was  imbedded  in  stucco  paste  and  exposed  to  a  white 
eat  for  an  hour  and  alialf.  The  residue  of  this  experiment 
was  a  dark  brown  infusible  substance  like  charcoal ;  this,  when 
Ignited  with  carbonate  of  potash,  and  the  product  treated  with 
hydrochloric  acid,  is  described  as  leaving  a  fine  white  gritty 
powder  insoluble  in  acids  and  alkalies,  infusible  in  micro- 
cosmic  salt,  and  dissolving  with  efiervescence  in  fused  car- 
bonate of  potash,  and  then  forming  a  solution  in  water,  from 
which  it  was  separable  as  a  bulky  gelatinous  precipitate  by 
acids,  which  precipitate  was  soluble  both  in  acids  and  atr 
kalies,  and  insoluble  in  either  after  ignition  to  redness.  It  is 
further  stated,  that  <<  two  grains  of  the  dark  ignited  substance 
procured  by  the  last  process  yielded  4*11  grs.  of  silicic  acid ; 
one  grain,  2*06  grs.,  and  0*8  gr.  1*57." 
This  experiment  was  repeats  in  the  following  manner:~50 
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gr$.  of  paracynnogen,  obtained  by  the  spontaneous  decomposi- 
tion of  prussic  acid,  were  stuffed  into  a  small  crucible  of  Ber- 
lin porcelain  furnished  with  a  cover;  this  covered  crucible  was 
completely  imbedded  in  plaster  of  Paris  made  into  a  paste 
with  water,  in  a  Hessian  crucible;  a  cover  was  then  placed 
over  the  latter  and  luted  with  China  clay. 

This  apparatus  was  placed  in  a  sand*bath  to  dry,  and  after- 
wards submitted  for  three  hours  to  a  full  red  heat;  when  cold, 
the  smaller  crucible  was  carefully  opened;  there  was  found  a 
perfectly  black  carbonaceous-looking  residue,  weighing  4<  grs.; 
this  black  residue  was  ignited  in  a  platinum  capsule  over  a 
gas  flame,  and  there  remained  a  very  inconsiderable  light 
and  grayish-coloured  ash,  which,  when  boiled  in  aqua  regia, 
entirely  dissolved.  The  ash  in  question  consisted  of  sulphate 
of  lime  and  traces  of  oxide  of  iron. — (R.H.  B.) 

Again,  50  grs.  of  paracyanogen  were  placed  in  a  porcelain 
crucible  under  precisely  similar  circumstances  to  the  last  ex- 
periment. The  crucibles  in  this  case  were  exposed  to  a  full 
white  heat  for  two  hours.  When  the  smaller  crucible  was 
opened,  a  black  residue,  like  that  obtained  in  the  former  ex- 
periment, was  found;  this  residue,  when  burnt  in  a  platinum 
crucible  with  access  of  air,  was  consumed,  with  the  exception 
of  a  trifling  ash  entirely  soluble  in  aqua  regia,  and  consisting 
of  sulphate  of  lime  and  oxide  of  iron,  as  in  the  former  expe- 
riment—(R.  H.  B.) 

Not  content  with  the  results  of  the  two  experiments  just 
detailed,  BO  grs.  of  paracyanogen  were  again  subjected  to  an 
intense  white  heat  in  a  furnace  capable  offusing  metallic  iron 
and  manganese,  having  previously  rammed  it  tightly  into  a 
Berlin  crucible,  to  which  was  adapted  a  suitable  cover ;  these 
were  luted  together  very  carefully ;  when  the  luting,  which 
then  presented  no  cracks,  was  dry,  this  crucible  was  placed 
In  an  earthen  one,  and  the  vacant  space  fllled  up  with  a 
ferruginous  sand  ;  this  again  was  covered  and  securely  luted ; 
after  ignition  for  two  hours  it  was  withdrawn,  when  the  resi- 
duum proved  to  be  a  perfectly  black  substance,  exactly  re- 
sembling that  mentioneil  in  the  former  experiments,  weighing 
about  5  grs.  The  sand  had  agglomerated  into  a  solid  mass 
resembling  soft  white  sandstone,  and  owing  to  a  portion  of 
this  getting  mixed  with  the  Mack  residue  in  the  crucible,  the 
exact  weight  could  not  be  ascertained.  The  interior  glace  of 
the  crucible,  to  the  level  of  the  original  bulk  of  the  paracy- 
anogen, had  assumed  a  black  colour  with  a  shade  of  brown, 
which  apparently  penetrated  to  the  depth  of  the  fflaze,  but  no 
further;  on  exposure  to  long-continued  heat  with  free  access 
of  air,  this  black  lining  underwent  but  a  very  slight,  if  any. 
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change  of  tint  Having  carefully  selected  S'5  grs.  of  the 
black  residue  so  ns  to  procitre  it  free  from  the  acksidental  ad- 
mixture of  sand,  they  were  mixed  with  20  grs.  of  carbonate  of 
potash  prepared  from  the  bitartrate  and  free  from  silica ;  this 
mixture,  which  was  perfectly  black,  was  ignited  for  half  an  hour 
in  a  closed  platinum  crucible,  which  was  itself  placed  in  a 
covered  earthen  crucible  carefully  luted ;  tlie  fused  residue 
was  black,  and  when  treated  with  water  left  a  black  insoluble 
powder;  this,  washed,  collected,  dried,  and  ignited  in  a  pla-* 
tinum  capsule  ami  in  contact  with  air,  glowed  like  ignited 
carbonaceous  matter,  and  left  an  ash-coloured  residue,  which, 
treated  with  chlorate  and  carbonate  of  potash,  gave  a  fused 
residuum  entirely  soluble  in  water;  this  solution,  evaporated 
to  dryness  with  the  addition  of  hydrochloric  acid  in  excess, 
and  subsequently  ignited,  gave  a  slightly  turbid  solution  with 
water,  which  became  perfectly  clear  on  the  addition  of  hydro- 
chloric acid ;  this  solution  contained  traces  of  platinum.  The 
first  solution  of  carbonate  of  potash  from  the  black  residue 
treated  in  the  manner  described,  gave  not  the  least  indication 
ofsilica.---(J.D.SO 

Having  observed  that  the  black  lining  of  the  crucible  was 
precisely  similar  to  the  description  given  by  Dr.  Brown  of 
the  fibns  of  silicon  mentioned  by  him  as  lining  the  porcelain 
crucible  in  which  hh  experiment  was  made,  and  which  pro* 
cess  he  recommends  as  likely  "  eventually  to  be  an  oeconomi- 
cal  and  convenient  way  of  lining  porcelain  with  silicon  for 
experimental  purposes,"  we  were  desirous  of  ascertaining 
whether  a  cheaper  and  more  easily  to  be  obtained  substance 
Gontuning  carbon,  could  not  be  advantageously  substituted 
for  paracyam^n,  so  as  to  produce  the  desired  object;  we 
therefore  placed  some  lamp-black,  mixed  with  a  trace  of  per* 
oxide  of  iron,  in  a  Berlin  crucible,  into  which  it  was  tightly 
rammed,  and  exposed  this  crucible,  having  previously  put  it 
into  an  exterior  one,  which  was  covered  and  luted,  to  a 
white  heat  for  an  hour  and  a  half:  when  withdrawn  it  was 
foui>d  to  be  coated,  as  high  as  the  lamp-black  had  reached^ 
with  a  stain,  differing  only  from  that  before  alluded  to  as  ob- 
tiuned  from  para<^anogen,  in  being  quite  black ;  this  eruci* 
ble  was  exposed  to  a  red  heat  with  free  access  of  air  for  up-* 
vrards  of  two  hours,  but  the  stain  remained  unchanged.-^ 
(J.D.S.) 

We  do  not  say  that  this  is  not  silicon,  but  if  it  be,  either 
lamp-bliick  is  as  capable  of  lining  crucibles  with  silicon  as 
paraoyam^n  is,  or  at  high  temperatures  the  carbon  is  capa- 
ble of  reJucing  the  silica  of  the  glaze^  and  thus  produang 
the  same  eflfect.  . 
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In  page  235  Dr.  Brown  observes,  that  <<  before  leaviiig  the 
production  of  silicon  from  nncombined  paracyanogeog  mere 
IS  another  mode  of  c^rating  to  be  mentioned,  and  it  is  equally 
remarkable  for  simplicity  and  freedom  from  any  intelligible 
source  of  fallacy.''  ^^  Triturate  crude  parac^anogen  wim  an 
excess  of  carbonate  of  potash,  and  fuse  the  mucture  two  hours 
at  a  full  white  heat  in  a  closed  platinum  crucible.  Paracy- 
auoffen  disappears ;  there  is  no  free  carbon  in  the  white  saline 
proauct;  but  it  yields  a  conformable  proportion  of  silicic  acid 
when  treated  in  the  ordinary  method  of  analvsis  for  that  com- 
pound." ^^  This  process  is  more  striking  when  subborate  of 
soda  is  substituted  for  potassa;  for  when  the  product  is  treated 
with  acids,  there  is  no  effervescence  of  carbonic  acid ;  and 
it  must  be  remembered,  once  for  all,  that  in  every  professed 
process  of  transformation,  the  disappearance  of  carbon  has 
to  be  accounted  for  as  well  as  the  new  formation  of  silicon." 
Dr.  Brown  further  states,  that  his  crude  paracyanogen  con* 
tains  *^  nearly  a  third  of  its  own  weight  of  condensed  qrano- 
gen,"  and  <<  that  it  yields  a  weight  of  silicon  never  less  than  an 
eleventh,  and  never  more  than  a  twelfth,  under  the  calculable 
weight  of  the  constituent  carbon,  die  cyanogen  of  absorp- 
tion being  dissipated  in  the  course  of  the  processes;"  by  which 
we  presume  is  meant,  that  from  crude  paraqranogen  he  always 
obtained  between  27*5  and  28  per  cent  of  silicon,  a  prc^r*- 
tion  so  large  that,  when  conveited  into  silicic  acid,  it  is  im- 
possible it  could  escape  observation,  even  when  the  quantities 
of  paracyanogen  subjected  to  experim^it  are  very  small. 

As  the  two  processes  just  quoted  are  str(Higly  recommended 
by  Dr.  Brown  for  their  **  simplicity  and  freeaom  from  any  in- 
tdligible  source  of  fallacy,"  and  as  they  appeared  to  us  to 
bear  so  directly  upon  the  question  of  transformation  as  to  be 
absolutelv  crucial  experiments,  we  have  followed  the  formula 
detailed  by  Dr.  Brown  with  the  greatest  exactitude  and  care 
in  the  following  experiments  :•-« 

Fifte^i  grs.  of  paracyanogen  were  mixed  with  100  grs.  of 
carbonate  of  potash  prepared  from  the  bitartrate :  die  mixture^ 
placed  in  a  closely  covered  platinum  crucible,  and  this  put 
into  an  earthen  one,  which  was  covered  and  carefully  luted, 
was  ignited  at  a  fiill  yellow  heat  for  two  hours ;  on  examina- 
tion when  cold,  a  portion  of  the  salt,  probably  cyanide  of  po- 
tassium, was  found  to  have  volatilized,  cementing  the  cover 
to  the  platinum  crucible,  and  the  residual  salt  was  white; 
this,  treated  with  distilled  water,  gave  a  slighdy  opalescent  sc^ 
lution,  which,  when  a  small  portion  was  treated  with  a  mixture 
of  per-  and  protosulphate  of  iron  and  hydrochloric  acid,  ^rt 
an  abundant  precipitate  of  Prussian  blue ;  to  the  scdttUoo, 
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hydrochloric  acid  was  added  in  excess,  which  occasioned  the 
evolution  of  the  characteristic  odour  of  hydrocyanic  acid ;  this 
acid  solution!  evaporated  to  dryness,  i^ited  to  redness,  and 
treated  with  water,  left  a  trace  of  reddish  matter  entirely  so- 
luble in  hydrochloric  acid.^ — (J*  D.  S.) 

Five  grs.  of  paracyanogen  were  then  mixed  with  about  40 
grs.  of  dried  borax,  and  exposed  to  a  white  heat  for  full  two 
hours  in  a  platinum  crucible,  covered  and  placed  in  a  Hessian- 
luted  crucible,  as  in  the  preceding  experiment ;  when  with- 
drawn, the  Hessian  crucible  was  completely  glazed  exteriorly, 
and  had  evidently  been  softened  by  the  heat ;  in  the  platinum 
crucible  there  remained  a  glassy  substance  of  a  light  sea-green 
colour;  this, treated  with  water,  gave  an  alkaline  scdution,  which 
precipitated  lime-water  and  effervesced  xoith  hydrochloric  acidf 
evaporated  the  acid  solution  to  drvness  and  fused  the  re- 
sidue; again  treated  the  residue  with  hydrochloric  acid,  and 
after  evaporation  to  dryness,  fused ;  the  fused  mass,  treated 
with  distilled  water  and  hydrochloric  acid,  left  a  slight  sedi- 
ment ;  when  this  sediment  was  fused  with  carbonate  of  pot- 
ash and  the  residue  treated  with  hydrochloric  acid,  evaporated 
to  dryness  and  ignited,  the  ignited  chloride  of  potassium  was 
wholly  soluble,  without  any  sediment  whatever,  in  water  aci* 
dulated  with  hydrochloric  acid ;  the  solution  contained  traces 
oflime.— (J.D.S.) 

This  experiment  was  repeated  upon  rather  a  smaller  scale, 
with  precisely  the  same  results. 

Notwithstanding  the  decisive  nature  of  the  experiments  just 
detailed,  we  determined,  in  order  to  avoid  every  objection,  to 
subject  paracyanogen  prepared  from  bicyanide  of  mercury — 
the  paracyanogen  employed  by  Dr.  Brown — to  the  process 
indicated  by  him  as  simple  and  free  from  fallacy.  Some  bi- 
cyanide of  mercury  was  powdered  and  shaken  down  closely 
in  a  porcelain  crucible,  which  was  then  covered  and  firmly 
luted ;  this  was  placed  in  another  crucible,  also  covered  and 
subjected  to  a  full  red  heat  for  half  an  hour ;  the  residue  was 
black  and  coherent ;  a  portion  of  this  ignited  left  a  trace  of 
oxide  of  iron,  and  it  was  almost  entirely  soluble  in  sulphuric 
acid. 

Twenty  grs.  of  this  paracyanogen  were  mixed  with  120  ^n-s. 
of  carbonate  of  potash  and  ignited  for  one  hour  and  a  half  at 
a  full  yellow  heat,  the  same  precautions  being  taken  as  in  the 
experiment  before  cited ;  when  withdrawn,  the  residual  salt 
was  white,  soluble  in  distilled  water,  gave  with  mixed  per-  and 
protosulphate  of  iron  and  hydrochloric  acid  a  precipitate  of 
Prussian  blue,  and  evolved  much  hydrocyanic  acid  on  the 
addition  of  hydrochloric  acid,  which  occasioned  no  precipi 
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tate :  this  ^cid  solation,  evaporated  to  dryness,  ignited,  and 
again  treated  witli  hydrochloric  acid  and  water,  left  no  per- 
ceptible residue ;  whereas,  from  the  statement  of  Or.  Brown 
(p.  236),  if  rightly  understood  by  us,  we  ought  to  have  ob- 
tained at  least  1 1  grs.  of  silicic  acid  from  this  quantity  of 
paracyanogen. — (J.  D.  S.)    . 

We  may  here  be  allowed  to  remark,  in  explanation  of  the 
circumstance  which  seems  to  Dr.  Brown  so  dimcult  to  account 
for  in  the  experiments  just  described,  viz.  ^^  the  disappearance 
of  the  carbon"  of  the  paracyanogen  when  ignited  with  carbo- 
nate of  potash,  that  it  is  probable  that  one  portion  of  the 
paracyanogen  decomposes  the  carbonate  of  potash  forming 
carbonic  oxide,  mixed  perhaps  with  carbonic  acid,  azote  and 
potassium,  and  that  the  last-named  substance  combines  with 
that  portion  of  paracyanogen  which  is  decomposed  by  heat 
into  cyanogen,  forming  cyanide  of  potassium,  a  portion  of 
which  is  volatilized,  whilst,  as  we  have  seen,  the  remainder  is 
found  mixed  with  the  excess  of  carbonate  of  potash  used  in  the 
process :  other  explanations  may  be  given,  but  this  appears 
to  us  to  be  both  the  most  feasible  and  the  most  in  accordance 
with  the  facts  we  have  noticed* 

Although  the  foregoing  experiments  were  as  direct  and,  to 
us,  as  decisive  as  we  could  desire  respecting  the  alleged  trans* 
formation  of  carbon,  we  nevertheless  determined  to  pursue 
the  investigation  further,  so  as  to  render  it  complete;  we  there«- 
foi'e  turned  our  attention  to  the  experiments  of  Dr.  Brown 
(p.  236-7)  on  the  formation  of  <<  com)K)und$  of  silicon  with 
copper,  iron,  and  platinum,  by  the  reaction  of  paracyanogen 
on  these  metals." 

Three  grains  of  paracyanogen  from  decomposed  pnissic 
acid  were  tightly  wrapped  up  in  platinum  foil  and  placed  in 
a  porcelain  crucible,  the  bottom  and  sides  of  which  were  lined 
with  platinum  foil,  so  as  to  prevent  the  foil  containing  the  pa- 
racyanogen from  coming  in  direct  contact  with  the  glazed 
lining  ofthe  crucible ;  a  cover  was  placed  over  the  crucible,  and 
the  whole  imbedded  in  plaster  of  Pai*is  paste  contained  in  a 
Hessian  crucible ;  when  dry,  the  apparatus  was  exposed  to  a 
white  heat  for  two  hours.  The  plaster  of  Paris  had  become 
vitrified  by  heat,  and  a  portion  of  this  vitrified  matter  found 
entrance  into  the  porcelain  ct*ucible;  the  latter,  however,  when 
broken  up,  displayed  the  platinumof  a  brilliant  colour,  and  of 
softer  texture  than  foil  not  previously  exposed  to  so  high  a 
temperature.  It  could  hardly  therefore  be  supposed  that  the 
platinum  had  been  acted  upon  by  silicon,  which  renders  it 
brittle,  and  does  not  render  the  metal  more  brilliant;  it  was 
obviously  useless  to  act  upon  the  platinum  by  aqua  regia  for 
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the  purpose  of  determining  the  qu&ntitj  of  silicon,  if  any,  which 
it  might  contain,  from  the  fact  just  noticed  of  vitrified  matter 
having  got  accidentally  into  the  crucible. — (R.  H.  B.) 

Twentv  grains  of  precipitated  copper  were  mixed  with  five 
grains  of  paracyanogen,  and  placed  in  a  covered  and  luted 
porcelain  crucible;  Uiis  was  placed  in  another  crucible,  also 
covered  and  carefully  luted,  and  the  apparatus  exposed  to  a 
white  heat  for  one  hour  and  a  half;  when  opened,  the  contents 
consisted  of  numerous  metallic  globules,  mixed  with  a  black 
powder ;  these  globules  were  malleable,  and  wholly  dissolved 
in  nitric  acid,  whilst  the  black  powder  was  consumed  when 
ignited  in  contact  with  atmospheric  air.— (J.  D.  S.) 

Another  experiment  was  made  by  rolling  up  some  very  thin 
sheet-copper,  so  as  to  form  a  tube  of  considerable  thickness, 
into  which  five  grains  of  paracyanogen  were  tightly  rammed, 
and  each  extremity  of  the  tube  secured  by  hammering;  this  was 
placed  in  an  earthen  crucible,  covered  and  tightly  luted,  along 
with  a  platinum  tube  made  of  foil  filled  with  paracyanogen,  in 
the  same  way  as  the  copper  one  above  described,  and  exposed 
Co  a  bright  yellow  heat  for  one  hour  and  a  half;  when  the  cru- 
cible was  withdrawn  and  opened,  the  contents  were  found  to  be 
fosed  into  a  button,  which  was  only  slightly  malleable,  break- 
ing readily ;  having  removed  the  exterior  of  this  button,  which 
adhered  to  the  crucible,  it  was  treated  with  nitric  acid,  which 
left  a  residue  having  the  appearance  of  gray  metallic  particles 
mixed  with  black  carbonaceous  matter ;  by  ignition  with  ac- 
cess of  air  the  black  powder  burnt  away,  leaving  a  gray  residue 
entirely  soluble  in  nitro-muriatic  acid.— (J.  D.  S.) 

Having  hitherto  so  completely  failed  in  our  endeavours  to 
obtain  results  similar  to  those  detailed  by  Dr.  Brown  in  the 
paper  under  consideration,  we  resolved  to  conclude  our  expe- 
rimental examination  of  it,  by  endeavouring  to  procure  silicic 
acid,  either  with  or  without  the  admixture  ot  carbonate  of 
potash,  from  ferrocyanide  of  potassium.  These  experiments 
are  not  so  satisfactory  as  the  preceding  ones,  owing  to  the  ener- 
getic action  of  the  mixed  ferrocyanide  and  carbonate  upon 
wrought  iron  at  the  high  temperatures,  but  are  nevertheless 
useful  as  serving  to  confirm  the  results  we  had  previously  ar- 
rived at. 

An  experiment  was  made  upon  ferrocyanide  of  potassium, 
by  drying  it  carefully,  and  pressing  700  grains  of  it  into  a  co- 
hered porcelain  crucible^  which  was  then  carefully  luted,  and 
when  dry  plunged  into  a  paste  of  plaster  of  Paris  contained  in 
a  Hessian  crucible ;  this  was  well  dried  on  a  sand-bath,  then 
covered,  luted,  and  exposed  to  a  white  heat  for  five  hours ; 
when  withdrawn  from  the  fire  and  opened  whilst  still  warm, 
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some  portions  of  the  contents  glowed  like  a  pyropbonis ;  the 
sulphate  of  lime  had  fused  down,  and  had  acted  on  the  exte- 
rior of  the  porcelain  crucible;  the  contents  consisted  of  a  light 
sooty  spongy  mass,  very  friable,  and  containing  small  glo- 
bules of  a  metallic  character,  whilst  the  crucible  itself  was  lined 
with  a  black  enamel,  similar  to  the  stain  noticed  in  the  Former 
experiments.  Nine  grains  of  this  residue,  from  which  the  me- 
tallic globules  had  been  separated,  were  mixed  with  SO  grains 
of  nitrate  of  potash,  and  the  same  weight  of  carbonate  of  potash 
prepared  from  the  bicarbonate,  and  the  mixture  fused  in  a  pla- 
tinum crucible ;  when  cold,  the  fused  mass,  treated  with  water, 
afforded  a  solution  of  a  deep  purple  colour,  exactly  resem- 
bling permanganate  of  potash;  by  rapid  filtration  this  solu- 
tion was  obtained  clear;  decomposition  appeared  to  be  going 
on  during  filtration,  for  the  liquid  whilst  on  the  filter  was  in 
a  state  of  slight  effervescence  from  the  escape  of  a  gas;  by 
exposure  to  atmospheric  air  this  solution  rapidly  decompcMed, 
gradually  losing  its  pink  colour,  becoming  turbid,  and  finally 
deposited  a  reddish  brown  powder,  leaving  a  colourless  solu- 
tion ;  this  brown  powder  proved  on  examination  to  be  per- 
oxide of  iron  without  a  trace  of  manganese*. 

The  colourless  and  alkaline  solution,  tested  in  the  usual 
way  for  silica,  afforded  a  trace  of  this  substance,  which  having 
reason  to  believe  resulted  from  impurity  in  the  carbonate  of 
potash  used  in  this  experiment,  it  was  tested  for  silica,  and 
found  to  contain  apparently  the  same  quantity  as  that  obtained 
from  the  alkaline  solution  just  noticed ;  in  each  case  the  quan- 
tity was  so  minute  as  not  to  affect  the  most  delicate  balance, 
though  appreciable  by  the  eye.  The  oxide  of  iron,  separated 
by  filtration  from  the  purple  solution,  and  tested  in  the  usual 
way  for  silica,  did  not  afford  the  slightest  trace  of  this  sub- 
stance. 

The  metallic  globules  before  noticed  were  treated  with  hy- 
drochloric and  nitric  acids;  a  black  residue  was  obtained,  which, 
ignited,  lefl  a  light  brown  ash  soluble  in  hydrochloric  acid.— 
(J.  D.  S.) 

Two  hundred  grains  of  carbonate  of  potash,  heated  in  an  iron 
tube  to  redness  for  three  hours,  and  tested  in  the  usual  way 
for  silica,  gave  0*3  grain  of  this  substance ;  when  the  quantity 

*  I  belieye  that  this  combination  of  oxide  of  iron  with  an  alkali  has  be* 
fore  been  noticed,  but  I  cannot  remember  the  authority,  nor  do  I  think  any 
investigation  of  the  fact  was  attempted.  It  appears  to  me  clearly  to  ind^ 
cate  the  existence  of  iron  in  a  state  of  oxidation,  doubtless  higher  than  any 
we  are  yet  acouainted  with,  analogous  to  the  acid  oxides  of  manganese.  I 
shall  Dursue  tnis  investigation,  and  endeavour  to  isolate,  or  at  least  ascer- 
tain tne  nature  and  composition  of,  this  apparent /errtc  aci(/(?j.— J.  D.  S. 

[See  Journal  de  Pharmacie,  tom.  xxnl  p.  97^— £d*] 
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of  silica  contained  in  the  carbonate  of  potash  was  thus  ascer- 
tAined,  200  grains  of  it  were  mixed  with  50  grains  of  dry  prus- 
siate  of  potash,  and  ignited  to  redness  in  the  same  iron  tube^ 
closed  with  an  iron  plug  and  luted  with  China  clay,  for  three 
hours ;  when  cool,  the  contents  of.  the  tube  were  washed  out 
with  water  and  a  little  bydrocliloric  acid  ;  a  powerful  odour  of 

Erussic  acid  was  observed,  and  when  the  nydrochloric  acid 
ad  been  added  to  supersaturation,  abundance  of  Prussian 
blue  was  formed ;  this  was  evaporated  to  dryness,  and  pure 
nitric  acid  added  to  the  residue,  the  mixture  transferred  to  a 
flask  and  heated ;  when  the  Prussian  blue  was  entirely  decom-* 
posed,  the  contents  of  the  flask  were  evaporated  to  dryness^ 
Ignited,  and  boiled  with  water  and  hydrochloric  acid;  tne  co- 
lourless insoluble  matter  collected,  dried  and  ignited,  proved 
to  be  silica,  and  weighed  0*33  grain,  showing  a  gain  of  0*03 
grain  of  silica,  a  quantity  so  small  as  readily  to  have  been 
originally  mixed  with  the  50  grains  of  ferrocyanide  of  potas*- 
sium,  or  to  be  merely  the  error  of  experiment* — (R.  H.  B.) 

When  30  grains  of  dried  ferrocyanide  of  potassium  were 
mixed  with  four  times  its  weight  of  pure  carbonate  of  potash 
and  ignited  in  an  iron  box,  inclosed  in  a  closely  covered  and 
lated  earthen  crucible,  to  a  white  heat  for  three  hours,  the  iron 
box  was  found  on  examination  to  have  fused,  and  this  fused 
iron  quite  malleable :  this  experiment  was  of  course  spoilt,  and 
is  merely  mentioned  to  show  the  beat  employed  by  us  when  we 
speak  of  a  ixAite  heat*— (J.  D.  S.) 

Another  experiment,  with  twice  the  quantities  of  ferrocya* 
nide  and  carbonate  employed  in  the  last  experiment,  and  ex- 
posed to  a  full  yellow  heat  for  three  hours,  also  failed  from  the 
energetic  action  of  the  fused  contents  on  the  iron  box,  by 
which  the  bottom  of  the  box  was  corroded  and  perforated. 
—(J.  D.  S.) 

Another  experiment  was  tried  upon  150  and  600  grains 
of  the  ferrocyanide  and  carbonate  respectively,  and  ignited  in 
a  gun-barrel,  protected  by  luting  and  well  secured  at  the  orifice^ 
for  six  hours,  at  a  full  yellow  heat.  Notwithstanding  the  pre- 
caution of  luting,  the  ffun-barrel  was  corroded,  and  evidently 
irom  the  action  of  thenised  materids,  and  thus  a  great  portion 
of  the  contents  were  lost;  what  remained  was  washed  out  by 
diffestmg  water  upon  it  for  twenty-four  hours,  and  tUe  black  in* 
soluble  matter  separated  from  the  alkaline  solution,  which  latter 
evolved  a  strong  odour  of  hydrocyanic  acid  on  the  addition 
of  hydrochloric  acid ;  the  bladk  residue,  when  ignited,  was  con- 
verted into  a  reddish  brown  powder,  entirely  soluble  in  hydro- 
chloric acid :  when  these  two  solutions  were  evaporated  toge- 
ther to  dryness^  and  the  Prussian  blue  formed  decomposed  oy 
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nitric  acid,  the  residuum  was  fused  and  then  treated  with  hy-* 
drochloric  acid,  which  left  a  trace  of  insoluble  matter,  proba- 
bly silica,  but  which  was  so  minute  as  not  to  affect  a  balance 
sensible  to  y^^^^  gr. ;  this  minute  quantity  was  most  probably 
accidental,  and  very  probably  was  derived  from  the  iron  tube 
which  was  corroded.  The  weight  of  the  residual  chlorides, 
when  evaporated  to  dryness,  was  104  grs.,so  that  if  we  admit 
that  only  one-seventh  of  the  quantities  originally  employed 
were  tested  for  silica,  we  should  have  above  20  grs.  of  ferro- 
Cyakiide  of  potassium  submitted  to  this  trial,  whicli,  according 
to  Dr.  Brown  (p.  245),  should  yield  3*6  grs.  of  silicic  acidl — 
(J.  D.  S.) 

Subsequently  to  these  experiments^  it  was  observed  in  two 
or  three  instances,  that  when  paracyanogen  made  from  the  bi- 
cyanide  of  mercury  was  submitted  to  the  blowpipe  fliame  in 
a  tube  of  common  flint-glass,  closed  at  one  end  and  drawn  to 
a  capillary  at  the  other,  that  gaseous  matter  was  evolved,  and 
a  dmall  hole  blown  out  at  that  end  containing  the  paracyano- 
gen, through  which  apeiture  the  gas  escaped,  and  invariably 
burnt  with  the  characteristic  flame  of  cyanogen.— (R.  H«  B.) 

This  experiment  was  followed  by  placing,  in  a  tube  of  Bohe- 
mian glass,  having  a  bulb  at  one  extremity,  a  small  quantity 
of  paracyanogen,  prepared  by  dissolving  the  dark-coloured 
prdduct  which  results  from  the  spontaneous  decomposition  of 
hydrocyanic  acid  in  sulphuric  acid,  and  precipitating  by  water, 
well  washing,  anddrying  at  a  temperature  of  260^  to  300^  Pahr., 
and  plugging  up  the  opening  of  the  tube  with  plaster  of  Paris. 
After  causing  the  blowpipe  flame  to  play  upon  the  bulb  con- 
taining the  paracyanogen  for  a  short  time,  a  small  hole  was  blown 
but  as  before,  and  cyanogen  continued  to  burn  for  some  time« 

Some  more  paracyanogen,  prepared  in  a  similar  manner,  was 
placed  in  a  similar  tube  of  Bohemian  glass,  but  in  this  instance 
the  bulb  was  carefully  coated  with  luting,  the  open  extremity 
plugged  as  before,  and  the  apparatus  carefully  dried;  the 
flame  of  the  blowpipe  was  then  applied  to  the  bulb  for  nearly 
half  an  hour  without  any  aperture  being  made  in  it.  When 
the  contents  of  the  bulb  were  removed,  they  presented  precisely 
the  appearance  of  precipitated  peroxide  of  iron  immediately 
after  ignition,  viz.  a  dark  black  glistening  aspect;  this  residue, 
when  burnt  in  a  platinum  capsule,  was  entirely  dissipated,  lea- 
ving no  residue  whatever.—  (R.  H.  B.) 

The  disengagement  of  cyanogen  in  the  last  experiment  but 
one  is  completely  at  variance  with  the  statement  of  Dr.  Brown 
in  his  paper  *  On  Paracyanogen,'  p.  168,  "  that^wr^  paracyano- 
gen (precipitated  by  atmospheric  moisture  from  the  sulpnuric 
acid  solution  of  the  common  product)  does  not  afibrd  the 
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slightest  appearance  of  cyanogen,  warrants  the  conclusipn  that 
paracyanogen  once  formed  from  cyanogen  or  its  elements  can- 
not be  recnanged  into  cyanogen  by  heat."  For  itcan  hardlv* 
we  apprehend,  be  argued  that  the  paracyanogen  employed  (n 
our  experiment^  prepared  from  the  crude  product  resulting 
from  the  decomposition  of  hydrocyanic  acid,  solution  in  si^- 
phuric  acid,  and  precipitation  by  water,  is  less  pure  than  that 
obtained  from  paracyanogen  procured  from  bicyanide  of  mer- 
cury, dissolved  in  sulphuric  acid,  and  gradually  precipitated  by 
the  absorption  of  atmospheric  moisture;  nor  can  we  see  how 
it  can  be  argued  that  the  failure  in  effiscting  the  transformation 
of  carbon  into  silicon,  in  the  experiment  just  detailed,  can  be 
attributed  to  the  employment  of  an  impure  paracyanogen,  or 
to  a  substance  used  not  being  paracyanogen,  because  it  was 
not  obtained  by  the  action  ol  heat  on  bicyanide  of  mercury. 

As  our  object  in  performing  the  experiments  we  have  de- 
tailed was  simply  an  inquiry  respecting  the  fact  of  the  state- 
ment made  by  Dr.  Brown,  of  the  conversion  of  the  carbon  of 
paracyanogen  into  silicon,  we  have  not  entered  into  a  critical 
examination  of  the  paper,  nor  do  we  attempt  to  offer  any  ex- 
planation of  the  results  arrived  at  by  us  in  every  one  of  our 
experiments  (that  the  carbon  ()f  paracyanogen  is  incapable^  by 
such  of  the  processes  as  we  have  tried,  which  are  recommended 
by  Dr.  Brown,  of  conversion  into  silicon)^  being  in  every  in- 
stance in  complete  opposition  to  those  published  by  that  au- 
thor. We  leave  those  mterested  in  this  subject  to  decide  whe- 
ther Dr.  Brown's  experiments  or  ours  are  correct,  and  con- 
clude this  examination  by  stating  that  the  terms  <<  white  heat" 
and  "yellow  heat,"  when  employed  by  us,  mean  respectively 
temperatures  at  which  malleable  iron  and  manganese  fuse  in 
the  first  case,  and  at  which  copper  melts  in  the  second;  whereas 
Dr.  Brown's  white  heat  is  a  temperature  evidently  below  our 
yellow  heat,  as  he  speaks  of  exposing  a  copper  tube  to  a  white 
heat  for  upwards  of  an  hour,  and  does  not  mention  the  fusion 
of  the  "^psum"  when  kept  at  a  white  heat  for  one  hour 
and  a  haUi 

Liverpool,  Sept.  ]7j  1841. 

XLIV.  Solution  of  a  Geometrical  Problem  on  the  Form  of  the 
Black  Cross  in  Biaxal  Crystals. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 

IN  turning  over  some  old  papers,  I  have  fallen  upon  the  fol- 
lowing very  simple  method  of  solving  a  geometrical  pro- 
blem which  occurs  in  investigating  the  form  of  the  black  cross 
Phil.  Mag.  S.  3.  Vol.  19.  No.  124.  OcU  1841.        X 
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in  biaxal  cmtals.  Sir  J.  Herschel  has  given  a  solatioti  in 
Art.  1072  of  his  ^  Treatise  on  Light,'  but  which^  in  my  opinion, 
is  unnecessarily  tedious  and  prolix. 

Problem. — Required  a  curve  P  A,  such  that  a  line  drawn 
from  A  bisecting  the  <  between  lines  A  P,  A  P  drawn  to  two 
given  points  P,  F,  shall  always  be  X"  to  a  given  line  ar  O. 


K 

.,\ 

Ul. 

J 

A 

P 

I' 

V  -V               r 

Mution.—'LxA  O  P  «  O  Fat  «,     O  M 

PAD=sPADai«,    DOMa=«. 

By  Euclid, 

X 

AF     FD     "'*■ 


'.ot^    MA=itf, 


costt     acostt  +  » 


a  — 


a  cos  »  —  X 


(I.) 


COS  a 


Also,   K  Am  AFcos9  ss  KM  +  MA»asin«  4-j^ 
AB:t=  APcosJ  =±  AM  —  MB  =y  —  osina; 

,^  AF^asintf-f  3/_tf  costf -f  J?  .    v^  . 
'  *   A  P      y  —  a  sin  «      a  cos  «  —  j;    J  \  *f 

y         a  cos  a 
•••  -— T —  = »  or  xy 

a  sin  tt  X    ^  ^ 

trinity  College,  Cambridge,  Sept.  16, 1841 


a^  sin  a  cos  «  =s  -H-^n  2  «« 
J.E, 


XLV.  On  Malic  Acid^  and  the  Changes  undergone  by  its  Salts 
at  High  Temperatures.     By  Robert  Haqen,  Ph.  Z).* 

A  FTER  the  publication  of  Mr.  Graham's  observation,  that 
-^^  phosphoric  acid,  in  its  different  states,  possesses  the  pro- 
perty of  combining  with  one,  with  two,  and  with  three  atoms 
of  base  respectively,  it  was  discovered  by  Liebig  that  the  same 

*  Read  before  the  Chemical  Society,  June  1, 1841,  haiin^  been  trant- 
iated  and  communicated  by  T.  G.  Tiiley^  Esq.,  now  communicated  by  tbo 
Society. 
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law  hdds  good  in  part  with  many  organic  acids;  some  of 
these  acids  requiring  two,  and  some  three  atoms  of  base,  to 
form  neutral  salts.  The  hydrates  of  each  acid  contain  a 
corresponding  number  of  atoms  of  l^asic  water,  which  cannot 
be  removed  without  the  decomposition  of  the  acids  them- 
selves. These  chemists  showed  that,  though  a  salt  of  any 
acid,  with  magnesia  or  with  oxides  isomorphous  with  it,  pos- 
sessed the  power  of  combining  with  a  potash  salt  of  the  same 
acid,  and  forming  a  double  salt,  such  as  the  sulphate  of  mag- 
nesia and  potash,  that  is  not  ground  for  doubling  the  atomic 
weight  of  the  acid,  or  for  viewing  it  as  bibasic* 

They  proved  at  the  same  time  that  a  monobasic  acid  is 
incapable  of  forming  a  double  salt  with  two  isomorphous 
bases.  The  proportion  of  base  which  unites  with  a  poly- 
basic  acid  is  constant,  generally  either  two  or  three  atoms. 
In  the  memoir  on  organic  acids  by  Liebig,  here  alluded  to, 
he  had  made  it  not  improbable  that  malic  acid  is  bibasic  At 
his  suggestion  I  have  made  several  analyses  of  its  various  saltSi 
which  form  die  subject  of  this  paper. 

Malic  acid  was  first  discovered  by  Scheele  in  the  iuice  of 
the  apple;  it  was  again  discovered  bv  Donovan  *  in  the  juice 
of  several  plants,  and  described  by  him  as  a  new  acid.  The 
identity  of  the  acid  of  Donovan  with  malic  acid  was  proved 
b^  Braconnot  This  acid  has  been  most  fully  described  by 
Liebig.  It  has  also  been  partially  examined  by  Pelouze, 
Braconnot,  and  Richardson. 

The  malic  acid  used  in  the  present  investigations  was  pre- 
pared from  the  expressed  juice  of  the  berries  of  the  Sorbus 
aucupiwia^  or  Service  tree,  in  the  following  manner.  The  ex- 
pressed juice  was  mixed  in  a  copper  |>an  with  finely  divided 
and  levigated  hydrate  of  lime,  care  being  taken  not  to  satu* 
rate  the  fluid  completely,  but  to  allow  it  to  remain  sensibly 
aour.  Being  placed  on  the  fire,  it  was  made  to  boil  for  some 
hours,  during  which  time  it  gave  off  a  peculiar  pungent 
vapour,  which  strongly  affects  tne  eyes.  By  degrees  neutral 
malate  of  lime  precipitates,  and  may  be  removed  with  a  ladle. 
By  continued  boiling,  more  of  the  salt  is  obtained.  When 
no  more  falls,  the  vessel  is  removed  from  the  fire,  and  allowed 
to  cool,  when  a  little  more  is  precipitated.  We  must  take 
care  in  the  beginning  not  to  saturate  the  expressed  juice  en- 
tirely with  lime,  or  so  much  colouring  matter  falls  with  the 
malate  of  lime,  as  to  render  the  acid  impure.  The  neutral 
malate  of  lime  thus  obtained,  is  dissolved  in  dilute  nitric  acid 
(1  part  acid  to  10  of  water),  filtered  and  evaporated ;  upon 

[*  Mr.  Donovan*8  paner  was  reprinted  from  the  Phil.  Trans,  iu  Phil, 
Mag.,  first  series,  vol.  xlvi.  p.  433. J^' 
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cooling,  acid  malateof  lime  crystallizes  out  in  perfisctly  colour- 
less crystals.  It  must  be  well  washed  with  oold  water,  again 
dissolved  in  boiling  water,  and  precipitated  by  acetate  of  lead. 
The  l«»ad  salt  is  decomposed  by  sulphuretted  hydrogen,  and 
the  malic  acid  obtained  pure  by  evaporation. 

Malic  acid  forms  with  bases  two  neutral  salts,  one  of  which 
becomes  anhydrous  when  dried  at  100°  C,  while  the  other  still 
retains  water  at  that  temperature.  It  possesses  decided 
bibasic  properties,  and  the  hitherto  received  atomic  weight  is 
necessarily  doubled. 

The  following  salts  have  been  examined : — 

Malates  of  Lime. 

a.  Neutral  anhydrous  Malate  of  Lime. 

Cs  H4O8  +  2  Ca  O,  or  M  2  Ca  O. 

This  salt  is  obtained  by  saturating  a  solution  of  malic  acid 
with  lime  water.  It  is  a  crystalline  powder,  perfectly  insoluble 
in  hot  and  cold  water. 

0*489  gramme  of  this  salt  gave  0*319  sulphate  of  lime,  or 
32*188  per  cent.  lime.  This  gives  for  the  atomic  weight  of 
the  salt  the  number  2212*40. 

Calculated.   Found. 

1  equivalent  of  Malic  acid    1461*39       67-24       67-81 

2  equivalents  of  Lime  ..  .    712*04       32*76       32*18 

i.  Neutral  hydrated  Malate  of  Lime, 

M  2CaO  +  5aq. 

H"2CaO  +  4aq.  (100°C.) 
If  acid  malate  of  lime  is  saturated  with  potash,  soda,  or 
ammonia,  and  the  solution  evaporated  at  a  gentle  tempera- 
ture, we  obtain  instead  of  a  double  salt,  malate  of  lime  with  5 
equivalents  of  water,  in  hard  shining  crystals.  When  heated 
to  100°  C.  this  salt  is  converted  into  a  poroellanous  mass,  and 
is  found  to  have  lost  one  atom  of  water.  At  150^  C.  it 
becomes  quite  anhydrous.  Of  the  salt  in  its  first  state  of 
hydration,  0*422  gramme  dried  at  the  temperature  of  the  atmo- 
sphere, gave  0-2655  sulphate  of  lime,  or  26*113  per  cent,  liroe^ 
which  makes  the  atomic  weight  of  the  salt  2725*0,  and  gives 
the  following  composition  : — 

Calculated.        Found. 

1  eq.  Malic  Acid  1461*39         53*44 

2  ...  Lime  .  .  .    712*04         26*03         26*113 
5  ...  Water.  .  .    562*40         20*53 


2735*83       100-00 
Of  the  salt  dried  at  100° :— 
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(1.)  0-6135  gramme  gave  0-4045  sulphate  of  lime  s  27*383 
per  cent,  lime ;  and  consequently  the  atomic  weight,  2600*0. 

(2.)  0*3660  gramme  gave  sulph.  lime  0*241,  or  27*344  |)er 
cent.  iime. 

(3.)  0*335  salt,  gave  0*353  sulphate  lime,  and  consequently 
the  atomic  weight,  2598*28. 

These  give — 

Calculated.  Found. 

1.  2*  3* 

1  Malic  acid   1461*39      56*71 

2  Lime  .  .  .     712*04       27*14       27*38       27*84      27*40 
4  Water  .  .     449*92       17*15 


2623*35 
The  previous  analyses  of  the  lime  salt  dried  without  heat, 
shows  tne  necessity  of  doubling  the  atomic  weight  of  the  acid, 
as  otherwise  we  should  be  obliged  to  give  it  the  formula 

C*H«CHCaO  +  2^aq.; 
which  is  at  variance  with  the  atomic  theory. 

Acid  Malate  of  Lime.     M  Ca  O  H^  O  +  6  aq. 
This  salt  is  obtained  when  neutral  malate  of  lime  is  dis-* 
solved  in  nitric  acid.     It  crystallizes  in  large  transparent  octa- 
hedrons.    Dried  at  100^  U.  it  loses  water,  and  is  converted 
into  a  viscid,  stringy  mass. 

0*706  salt  gave  0*2345  sulphate  of  lime,  or  13*794  per  cent, 
lime ;  atomic  weight,  2585*8. 

Calculated.        Found. 
1  atom  Malic  acid  1461*39  56*10 

I  atom  Lime  •  .  .     356*02  13*67  13*79 

7  Water 787*36  30*23 

2604*77 
Richardson  and  Merydorf  concluded  the  formula  of  this 

salt  to  be,  M  Ca  O  H^  O  +  8  aq. 

Malates  of  Magnesia. 
a.  Neulral  hydrated  Malate  ofMagne^a. 

M  2MgO  +  lOaq 

M  2  Mg  O  +  2  aq  (100*^  C). 

This  salt  is  obtained  by  boiling  magnesia  in  a  solution  of 
malic  acid,  and  crystallizing.  It  loses  8  atoms  of  water  by 
100°  C. 

0*5505  salt  gave  0*2708  sulphate  of  magnesia,  equivalent  to 
16*713  per  cent,  of  magnesia;  and  makes  the  atomic  weight 
9091*4. 
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Calculated.         Found. 

1  eq.  Malic  acid  1461*39  47*09 

2  ...  Magnesia..    516*70  16*66  16*713 
10  ...  Water.  .  .  1124-8             36*55 


8102-89 

Of  the  salt  dried  at  100^  C,  0*466  gave  0*109  sulphate  of 
magnesia,  equivalent  to  23*390°  per  cent,  magnesia. 

Calculated.       Found. 

1  at.  Malic  acid  1461*39  66*34 

2  •••  Magnesia.    516*70  23*45  23*39 
2  •..  Water  •  .     224*96          10*21 


2203*05 
This  salt  was  also  analysed  by  Professor  Liebig  with  the 
same  result. 

b.  Neutral  anhydrous  Malate  of  Magnesia.  M  2  Mg  O. 

This  salt  is  obtained  by  precipitating  a  saturated  soludoa 
of  the  former  salt  (a.)  with  alcohol,  apd  drying  at  100^  C. 

0*344  salt  gave  0*0935  magnesia,  equivalent  to  26*945  per 
cent.;  atomic  weight,  1906*88. 

Calculated.       Found. 

1  atom  Malic  acid  1461*39  73*83 

2  atoms  Magnesia     516*70  26*12  26*94 

1978*09 

Acid  Malate  of  Magnesia.  M  Mg  O  H^O  +  3  aq 

M  MgOH«O  +  aq(100°). 

Obtained  by  dividing  and  saturating  one  half  of  the  malic 
acid  with  carbonate  of  magnesia,  and  evaporating  to  crystal- 
lization. It  loses  2  atoms  of  water  by  100°  C. ;  at  a  higher 
temperature  it  melts. 

1*1755  salt  ffave  0'1405  magnesia,  equivalent  to  11*952 
per  cent;  and  for  the  atomic  weight,  2161*5. 

Calculated.        Found. 
1  atom  Malic  acid  1461*39  67*35 

I     ...    Magnesia      258*35  11*91  11*952 

4  atoms  Water  •••    449*91  20*74 


2169*66 


Of  the  salt  dried  at  100^  C,  0*698  gave  0*0795  magnesia, 
or  13*294  per  cent.;  atomic  weight,  1943*0. 
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Calculated.  Found. 

1  eq.  Malic  acid  1461*39  75*147 

1  •••   Magnesia      258*35  13-285  IS'294 

2  ...   Water  •  .    224-96  11*568 

1944*70 

Malates  of  Zinc. 
a.  Neutral  SaU.    _ 

M  2ZO  +  6aq 
Al  2ZO  +  -(lOO^C). 
Is  prepared  by  digesting  carbonate  of  zinc  with  malic  acid, 
at  a  temperature  not  above  30^  C.    Dried  at  100^  C.  it  be- 
comes aohydrous. 

Of  this  salt,  0*4570  gave  0*2935  sulphate  of  zuic,  or  32*179 
oxide  of  zinc,  making  the  atomic  weight  3127*8;  the  calcu- 
lated one  being  3142'77» 

0*695  of  the  salt  dried  at  100^  C.  ^ave  0*566  sulphate  of 
zinci  or  40*302  oxide  of  zinc;  making  the  atomic  weight 
2463*6 ;  the  calculated  is  2467*6. 

Acid  Malate  of  Zinc.    M^  Z  O  H  O  +  2  aq« 

Prepared  by  adding  excess  of  malic  acid  to  the  neutral  salt. 
0*190  of  this  salt  gave  0*082  sulphate  of  zinc,  or  21*343 
per  cent  of  oxide  of  zinc;  the  atomic  weight  deduced  from 
which  IS  2351*7.    The  composition  of  the  salt  is  therefore — 

Calculated.  Found. 

1  eq.  Malic  acid  .  .  1461 '4  63*480 

1  ...   Oxide  of  zinc     503*2  21-861  21*343 

3  ...  Water  ....     337*4  14*659 


2302*0 

Braconnot  analysed  this  salt  with  the  same  results. 
Basic  Malate  of  Zinc* 

If  malic  acid  is  long  boiled  with  excess  of  carbonate  of 
zinc,  there  falls  down  a  sandy  powder;  of  this  salt  dried  at 
100^ 

(1.)  0*3935  gave  0*178,  or  44*66  per  cent,  of  oxide  of  zinc ; 
atomic  weight,  2253*3. 

(2.)  0*255  gave  0*224  sulphate  of  zinc,  or  44*015  per  cent, 
of  oxide  of  zinc;  atomic  weight,  2286*8. 

(1.)  0*474,  burnt  with  oxide  of  copper,  gave  0*1075  water, 
and  0*329  carbonic  acid. 

(2.)  0*5510  gave  water  0*1335,  and  0*8885  carbonic  acid. 
This  salt  is  therefore  composed  of 
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Calculated.  Found. 

12  at  Carbon  ...      917-22     20-19  19-191     1924 

9  ...  Hydrogen.  .      112*52       2-47  2-52         269 

15  ...  Oxygen ..  .    1500-00     33-03  33-62       34-04 

4  ...  Oxide  of  zinc  2012-9       44-31  44-66       44-015 


4542-44 

Heated  to  100^  C.  it  lost  4  atoms  of  water;  and  0*420 
gave  0-411  sulphate  of  zinc,  or  49*082  per  cent  oxide  of 
zinc ;  atomic  weight,  2052-3.  0*4225  gave  0-071 5  water,  and 
0-334  carbonic  acid,  which  gives  the  formula  C"  H*  O"  + 
4^0.  This  salt,  however,  is  then  essentially  altered,  part 
of  its  malic  acid  being  converted  into  fumaric  acid,  as  will  be 
shown  in  the  sequel. 

Acid  Malate  of  Copper.    M  Cu  O  H^  O  +  2  aq 

M  CuOH«O(l00^a). 

Prepared  by  dissolving  hydrated  oxide  of  copper  in  malic 
acid,  and  evaporating  at  a  temperature  of  30^  to  40^  C,  as 
a  small  blue  crystalline  body.  0*690  of  this  salt  gave  0-149 
oxide,  or  21-521  per  cent,  of  oxide  of  copper ;  atomic  weighty 
2302-17. 

The  composition  calculated  from  this,  is  as  follows : — 

Calculated.     Found. 
.     1  atom  Malic  acid.  .  •  .  1461-39       63*69 

1    ...    Oxide  of  copper      495-70       21-60       21-821 
3  atoms  Water 337*44       14-71 


2294-53 
Dried  at  100^  it  loses  2  atoms  of  water,  and  its  atomic 
weight  becomes  2069-57. 

Malate  of  Silver.    M  2  Ag  O. 

0-2877  salt  gave  0-1777  silver,  or  66'339  per  cent,  of  oxide 
of  silver.     Hence 

Calculated.      Found. 

1  eq.  Malic  acid.  .  .  1461-39         33-48         33-66 

2  ...  Oxide  of  silver  2903*21         66-52        66*33 


4361-60 

Malate  of  Barytes.    M  2  Ba  O  +  2  aq 

M  2BaO  (lOO^C). 
A  solution  of  malic  acid  is  saturated  with  barytes  water, 
and  evaporated  at  a  very  moderate  temperature.    The  salt 
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found  crystallizes.     At  30^  C  it  loses  one  atom  of  water;  at 
100^  C.  it  becomes  quite  anhydrous. 

Of  the  salt,  0*5575,  dried  at  the  ordinary  temperature,  gave 
0*452  sulphate  of  baryta,  or  53*207  per  cent,  of  barvtes; 
which  makes  the  atomic  weight  3956*8,  the  calculated  one 
being  3600' 10.  The  salt  dried  by  ^0""  C  gave  54*426  per 
cent,  barytes.  That  dried  at  100^  C.  is  composed  of  1  atom 
of  malic  acid  and  2  atoms  of  barytes. 

Malate  of  Strontian.    M  2  St  O  -f  3  aq 

M  2StO  +  2aq(100*'C.). 

FuMARATfi  OF  OxtDE  OF  -SIthYL. 

This  aether  is  formed  whenever  malic  add  is  brought  into 
contact  with  muriatic  aether.  Malic  acid  also,  when  long 
mixed  with  absolute  alcohol,  or  with  strong  fuming  hydro- 
chloric acid,  is  converted  into  fumaric  acid. 

This  combination,  or  fumaric  sether,  is  heavier  than  water^ 
and  has  a  grateful  odour,  like  that  of  fruit.  It  is  slightly 
soluble  in  water,  and  is  therefore  better  separated  from  mu» 
riatic  aether,  when  mixed  with  the  latter  by  distillation,  than 
by  means  of  water.  By  potash,  fumaric  aether  is  converted 
into  alcohol  and  the  fumarate  of  potash.  Kept  long  in  con- 
tact with  ammonia,  it  is  converted  into  fumaramide.  Purified 
by  being  distilled  over  chloride  of  calcium,  0*3315  aether 
gave  0*208  water,  and  0*669  carbonic  acid.     Hence 

CalculatecK  Found. 
8  atoms  Carbon  ..  611*48  56*29  55*803 
6     ...     Hydrogen     74*87  6*89  6*97 

4     ...     Oxygen..  400*00         36*82         37*22 

1086*35 
Fumaramide.    C^HOSNH*. 

This  amide  is  obtained  when  fumaric  aether  is  left  a  long 
time  in  contact  with  an  excess  of  caustic  ammonia.  Its  forma- 
tion is  quite  analogous  to  that  of  oxamideand  the  other  com- 
pounds of  amide.  In  cold  water  and  absolute  alcohol  it  is 
quite  insoluble.  It  is  soluble  in  boiling  water,  and  again 
precipitates  as  the  water  cools.  Lefl  long  in  contact  with 
water,  it  is  completely  converted  into  fumarate  of  ammonia. 
Ammonia  is  disengaged  b^  the  fixed  alkalies,  and  a  fumarate 
formed.  By  distillation  it  is  decomposed  into  ammonia;  a 
white  body,  probably  maleinic  acid,  and  a  residue  of  charcoal 
are  left. 

0*426  of  fumaramide  gave  0*1335  water,  and  0*2780  car* 
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bonic  acid.  By  a  qualitative  determination  of  tha  nitrogen, 
the  latter  was  found  to  be  to  the  carbonic  acid  in  volume  as 
1  to  4. 


Carbon  .  . 
Hydrogen 
Nitrogen   . 
Oxygen  .  . 


42-37 

6-8S 

24*53 

27-77 


This  gives— 


4  atoms  Carbon  •  , 
3     •••    Hydrogen 

2 


Nitrogen 
Oxygen 


305-74 

37-44 

177-04 

200-00 

720-22 


100-00 

Calculated. 

42*46 

5-19 

24-59 

27*76 


100-00 


Malaxes  at  High  Temperatures. 

If  malates  of  the  earths  or  alkalies  are  kept  for  some  time  at 
a  temperature  varying  from  250^  to  300°  C,  they  are  changed 
into  fumarates,  water  being  the  only  other  product  The 
changes  produced  are  best  observed  in  the  following  manner. 
The  fumarate  produced  is  dissolved  in  as  small  a  quantity  of 
boiling  water  as  possible,  and  a  small  excess  of  nitric  acid  is 
added  to  it.  The  fumaric  acid  crystallizes  from  the  solution 
in  its  peculiar  form,  possessing  all  the  properties  ascribed  to 
it  by  jPelouze.  I  have  prepared  its  silver  salt  to  identify  it 
with  certainty.  0-2726  acid  gave  0*0885  water,  and  0*4115 
carbonic  acid  This  gives  the  following  formula  for  its  com- 
position :^- 

Calculated.       Found. 
4  atoms  Carbon. . .  305*74        41-84        41-73 
2     ...     Hydrogen      24-95  3-41  3-60 

4     ...     Oxygen  .  .  400-00        54*75        54-683 

730-69 
0-3735  of  the  silver  salt  gave  0*3205  chloride  of  silver,  or 
69-422  oxide  of  silver;   and  0-4270  gave  0-029  water,  and 
0-224  carbonic  acid. 

Calculated.  Found. 
4  atoms  Carbon  ...  •  305-74  14-77  14*50 
1  atom  Hydrogen  •  .  .      12-48  0-60         0-75 

3  atoms  Oxygen  ....    300-00        14*49        15*31 
1  atom  Oxide  of  silver    1451-6  70*14        69*42 


2069-82 
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This  remarkable  change  of  malio  acid  salts  into  those  of 
famaric  acid,  appears  to  me  to  bear  a  strong  analogy  to  tlw 
formation  of  the  pyro-  and  metaphosphates,  bat  this  is  as  yet 
not  sufficiently  proved  by  experiment.  I  have  kept  a  satu- 
rated solution  of  fumaric  acid  at  a  boiling  temperature  for 
several  days  without  the  slightest  change  in  it.  And  I  have 
also  kept  a  like  solution,  in  a  tube  hermetically  sealed,  for  a 
considerable  time  at  a  temperature  of  250^  under  a  pressure 
therefore  of  nearly  15  atmospheres,  without  its  being  idtered 
in  any  of  its  properties.  Hence  fumaric  acid  does  not  appear 
to  be  reconvertible  into  malic  acid. 


XLVI.  Proceedings  of  Learned  Societies. 

GEOLOGICAL  SOCIETY. 
[Continued  from  p.  175.] 

Jan.  20,  A  PAPER  was  first  read,  "  On  the  Teeth  of  Species 
1 84 1 .  ^^  of  the  Genus  Labyrinthodon  (Mastodonsaurus  Salaman- 
droides,  and  Phytosaurus  (?)  of  Jager)  from  the  German  Keuper  and 
the  Sandstone  of  Warwick  and  Leamington/'  hy  Richard  Owen* 
Esq..  F.G.S.,  F.R.S. 

The  Warwick  sandstone  having  been  considered  by  some  geolo- 

S'ists  to  be  the  equivalent  of  the  Keuper*,  and  by  others  of  the 
unter  Sandsteinf,  and  as  its  true  position  remains  to  be  deter- 
mined, Mr.  Owen,  in  the  preliminary  remarks  to  his  memoir,  points 
out  the  assistance  which  the  discovery  of  reptilian  remains  m  the 
Warwick  sandstone  of  the  same  generic  characters  as  those  of  fossils 
obtained  in  the  Keuper  of  Germany,  may  afford  in  determining  the 
question. 

Before  he  proceeds  to  describe  the  fossils  forming  the  immediate 
object  of  his  paper,  Mr.  Owen  shows  that  the  genus  Phytosaurus 
was  established  on  the  casts  of  the  sockets  of  the  teeth  of  Masto- 
donsaurus ;  and  that  the  latter  generic  appellation  ought  not  to  be 
retained,  because  it  recalls  unavoidably  the  idea  of  the  mammalian 
genus  Mastodon,  or  else  a  mammilloid  form  of  the  tooth,  whereas  all 
the  teeth  of  the  genus  so  designated  are  originally  and,  for  the 
gpreater  number,  permanently  of  a  cuspidate  and  not  of  a  mammil- 
loid form ;  and  because  the  second  element  of  the  word,  saurus, 
indicates  a  false  affinity,  the  remains  belonging,  not  to  the  Saurian, 
but  to  the  Batrachian  order  of  Reptiles.  For  these  reasons,  and  be« 
lieving  that  he  has  discovered  the  true  and  peculiarly  distinctive 
dental  characters  of  the  fossil,  he  proposes  to  designate  tiie  genus  by 
the  term  Labyrinthodon. 

The  only  portions  of  the  Batrachian  found  in  the  Keuper  of  Ger- 

•  Sec  Proceedings,  vol.  ii.  p.  453.  [or  Phil.  Mag.,  Third  Scries,  vol.  xi. 
p.  106.] 

t  Ibid.  vol.  ii.  p.  566.  [or  Phil.  Mag.,  Third  Series,  vol.  xi.  p.  3^.] 
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many,  "which  have  hitherto  been  described,  consist  of  teeth,  a  inig- 
ment  of  the  skull,  and  a  few  broken  yertebrse ;  and  in  the  Warori^ 
sandstone  of  teeth  only.  In  this  memoir,  therefore,  Mr.  Owen 
confines  his  attention  to  a  comparison  of  the  dental  structure  of  the 
Continental  and  English  remains.  The  teeth  of  the' LahyrinikoAm 
Jaegeri  (Mastodonsaurus  Jaegeri,  Meyer)  of  the  Keuper  are  of  a 
simple,  conical  form,  with  numerous  fine  longitudinal  striations; 
and  the  teeth  transmitted  to  Mr.  Owen  from  the  Warwick  sandstone 
by  Dr.  Lloyd,  bear  a  very  close  resemblance  to  them.  Their  external 
characters  not  being  sufficient  to  establish  either  specific  or  generic 
identity,  Mr.  Owen  had  sections  prepared  for  microscopic  examina- 
tion of  portions  of  teeth  of  the  Lahyrinthodon  Jaegeri  forwarded  to 
him  by  Prof.  Jager,  and  of  the  English  reptile ;  and  though,  from 
his  previous  examination  of  the  intimate  texture  of  the  teeth  of  the 
Plesiosaur,  Megalosaur,  as  well  as  of  the  Crocodile,  Monitor,  and 
most  recent  Lacertians,  he  did  not  hope  to  detect  such  modifications 
of  structure  as  would  obviously  tnark  specific'  or  even  generic  iden- 
tity, yet  the  slices  exhibited  such  decided  characters,  and  those  of 
the  German  fossils  agreed  so  intimately  with  the  sections  obtained 
from  the  Warwick  specimen,  that  Mr.  Owen  was  enabled  not  merely 
to  separate  these  fossils  from  all  known  reptilian  animals,  but  to 
establish  a  generic  community  of  character  in  the  Keuper  and  sand- 
stone remains.  It  was  not,  however,  until  he  had  caused  sections 
to  be  made  in  various  directions,  and  had  studied  them  attentively  in 
comparison  with  the  teeth  of  true  Saurians,  Batrachians,  and  other 
animals,  that  he  was  enabled  to  comprehend  the  principle  of  the 
singular  cerebriform  convolutions  which  pervade  the  dental  struc- 
ture of  this  remarkable  reptile.  The  base  of  the  tooth  of  the  /cA- 
ihyosaurus  approaches  most  nearly  in  character  to  the  peculiarities 
of  nearly  the  entire  tooth  of  the  Labyrinthodon.  It  is  impossible  to 
convey  clearly  without  illustrations  the  structure  alluded  to.  It 
may,  however,  be  stated,  that  in  the  fang  of  the  tooth  of  the  Ichthy- 
osaurus vertical  folds  of  the  external  layer  of  cement  (the  enamel 
ceasing  at  the  base  of  the  crown)  are  inflected  inwards,  at  pretty 
regular  distances  around  the  circumference  of  the  tooth,  towards 
the  centre  to  a  distance  about  equal  the  breadth  of  the  interspaces 
of  the  inflected  folds ;  the  interspaces  being  occupied  by  correspond- 
ing processes  of  the  dentine,  which  radiate  from  the  central  mass 
of  that  substance.  The  thickness  of  this  interblended  cement  and 
dentine,  surrounding  the  pulp-cavity,  is  about  one-eighth  of  the  dia- 
meter of  the  tooth. 

'  The  plan  and  principle  of  the  structure  of  the  tooth  of  the  Laby- 
rinthodon are  the  same  as  those  of  the  tooth  of  the  IchthyosmtruM, 
but  they  are  carried  out  to  the  highest  degree  of  complication,  llie 
converging  vertical  folds  of  the  external  cement  are  continued  dose 
to  the  centre  of  the  tooth,  and,  instead  of  being  straight,  simple  la- 
mellae, they  present  a  series  of  irregular  folds,  increasing  in  com- 
plexity as  they  proceed  inwards,  and  resembling  the  labyrinthic  an- 
fractuosities  of  the  surface  of  the  brain ;  each  converging  fold  is 
slightly  dilated  at  its  termination  close  to  the  pulp-cavity.    Tlie 
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ordinary  laws  of  dental  structure  are»  however,  strictly  adhered  to, 
and  every  space  intercepted  by  a  convolution  of  the  folds  of  the 
cement  is  occupied  by  corresponding  processes  of  the  dentine. 
These  characters  were  presented  by  a  transverse  section  of  a  frag« 
ment  of  a  tooth  of  the  Labyrinthodon  Jaegeri  from  the  German 
Keuper,  which  included  about  the  middle  third  part  of  a  tooth, 
and  Mr.  Owen  considers  that  the  entire  length  of  the  tooth  might 
be  3^  inches,  and  the  breadth  at  the  basis  l|  inch. 

The  external  longitudinal  grooves,  which  correspond  to  the  in- 
flected folds  of  the  cement,  extend  upwards  from  the  base  of  the 
tooth  to  about  three-fourths  of  its  height,  decreasing  in  number  as 
the  tooth  diminishes  in  thickness,  and  disappearing  about  half  an 
inch  from  the  summit  of  the  tooth.  Each  fold  of  cement  penetrates 
less  deeply  as  the  groove  approaches  its  termination ;  and  Mr.  Owen 
conceives  that  the  structure  of  the  upper  part  of  the  tooth  may  be 
more  simple  than  that  of  the  lower,  but  he  has  not  yet  been  able 
to  extend  his  investigations  to  it. 

The  dentine  consists  of  a  slender,  central,  conical  column  or 
"  modiolus,"  hollow  for  a  certain  distance  from  its  base,  and  radi- 
ating outwards  from  its  circumference  a  series  of  vertical  plates, 
which  divide  into  two,  once  or  twice,  before  they  terminate  at  the 
periphery  of  the  tooth.  Each  of  these  diverging  and  dichotomizing 
vertical  plates  gives  off  throughout  its  course  narrower  verticcd 
plates,  which  stand  at  nearly  right  angles  to  the  main  plate,  in  rela- 
tion to  which  they  are  generally  opposite,  but  sometimes  alternate. 
Many  of  the  secondary  plates,  which  are  given  off  near  the  centre 
of  the  tooth,  also  divide  into  two  before  they  terminate.  They  par- 
take of  all  the  undulations  which  characterize  the  inflected  folds  of 
the  cement. 

The  central  pulp-cavity  is  reduced  to  a  line,  about  the  upper  third 
of  the  tooth ;  but  fissures  radiate  from  it,  corresponding  in  number 
with  the  radiating  plates  of  the  dentine.  One  of  these  fissures  is 
continued  along  the  middle  of  each  plate,  dividing  where  it  divides, 
and  penetrating  each  bifurcation  and  process ;  the  main  fissures  ex- 
tend to  within  a  line  or  lialf  a  line  of  the  periphery  of  the  tooth  ; 
the  terminations  of  these,  as  well  as  the  fissures  of  the  lateral  pro- 
cesses, suddenly  dilating  into  subcircular,  oval,  or  pyriform  spaces. 
All  these  spaces  constitute  centres  of  radiation  of  the  fine  ctdcige- 
rous  tubes,  which,  with  their  uniting  clear  substance,  constitute 
the  dentine.  The  number  of  these  calcigerous  tubes,  which  are  the 
centres  of  minor  ramifications,  defies  all  tmlculations.  Their  diameter 
is  the  n/^th  of  a  line,  with  interspaces  equal  to  seven  diameters  of 
their  cavities. 

Mr.  Owen  then  compares  the  structure  of  the  section  of  a  tooth 
procured  in  the  sandstone  of  Coton-End  Quarry,  and  lent  to  him  by 
Dr.  Lloyd  of  Leamington.  The  tooth  nearly  resembles  in  size  and 
form  the  smaller  teeth  of  Labyrinthodon  figured  by  Prof.  Jager.  All 
the  peculiarities  of  the  labyrinthic  structure  of  the  Keuper  tooth  are 
so  clearly  preserved  in  this  specimen,  that  the  differences  are  merely 
of  a  speofic  nature. 
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At  the  upper  part  of  the  tooth  a  thin  layer  of  enamel*,  benidea  a 
coating  of  cement,  is  inflected  at  each  groove  tovrarda  the  centre  of 
the  dentine ;  but  about  the  middle  of  the  tooth  the  enamel  disap- 
pears, and  the  convolutions  consist  of  interblended  layers  of  cement 
and  dentine.  Thus,  on  the  supposition  that  the  tooUi  of  the  Ixdnf^ 
rinthodon  of  the  German  Keuper  be  capped  with  enamel,  its  extent 
must  be  less  than  in  the  tooth  of  the  Warwick  sandstone. 

The  inflected  folds  are  continued  for  a  greater  relative  distance 
before  the  lateral  inflections  commence  than  in  the  German  species, 
and  the  anfractuosities  are  fewer  in  number,  and  some  of  the  folds 
are  reflected  backwards  from  near  the  central  pulp-cavity  for  a  short 
distance  before  they  terminate. 

The  modifications  of  the  complex  diverging  plates  of  the  dentine 
hardly  exceed  those  of  a  specific  character,  and  the  dentine  itself  is 
composed  of  calcigerous  tubes  of  the  same  relative  size  and  dispo- 
sition as  in  the  Labyrinthodon  Jaegeri, 

In  a  section  taken  from  the  middle  of  a  smaller  and  relatively 
broader  and  shorter  conical  tooth  from  the  Warwick  sandstone,  Mr. 
Owen  found  that  the  anfractuosities  were  more  complicated,  with 
numerous  secondary  and  tertiary  foldings,  and  the  external  layer 
of  cement  was  relatively  thicker  than  in  the  Lab.  Jaegeri* 

The  generic  identity  of  the  Reptiles,  indicated  by  the  teeth  from 
the  Warwick  sandstones,  with  the  Mastodonsaurus  of  the  German 
Keuper,  Mr.  Owen  believes  to  be  fully  established  by  the  concord- 
ance of  their  peculiar  dental  structure  above  described.  And  in  con- 
clusion, he  says,  if,  on  the  one  hand,  geology  has  in  this  instance 
really  derived  any  essential  aid  from  minute  anatomy,  on  the  other 
hand,  in  no  instance  has  the  comparative  anatomist  been  more  in- 
debted to  geology  than  for  the  fossils  which  have  revealed  the  most 
singular  and  complicated  modification  of  dental  structure  hitherto 
known ;  and  of  which  not  the  slightest  conception  could  have  been 
gained  from  an  investigation,  however  close  and  extensive*  of  the 
teeth  of  existing  animals. 

A  paper  was  next  read,  entitled  *^  Observations  relative  to  the 
Elevation  of  liand  on  the  shores  of  Waterford  Haven  during  the 
Human  Period,  and  on  the  Geological  Structure  of  the  District," 
by  Thomas  Austin,  Esq. 

The  shore  on  the  west  side  of  Waterford  Haven,  from  the  rock  of 
Passage  to  Woodstown,  a  distance  of  three  miles,  presents  an  almost 
uninterrupted  cliff  of  clay  and  gravel,  composed  chiefly,  if  not  wholly » 
of  detritus  of  old  red  sandstone,  and  enclosing  a  bed  from  one  to 
four  feet  thick  of  Cardhtm  eduie,  with  other  marine  testacea  of  exist- 
ing species,  and  a  few  land-shells,  lliis  bed  of  shells  is  not  con- 
fined exclusively  to  the  coast,  but  it  extends  inwards  to  the  distance 
of  eight  miles,  distinct  traces  of  it  occurring  between  Waterford  and 
Trmmore,  and  at  several  intermediate  points.  In  the  alluvial  valley 
of  Woodstown,  close  to  Newtown  Head,  the  shells  rest  on  an  ancient 

•  Mr.  Owen  has  subsequently  ascertained  that  this  is  not  true  enamel. 
hut  a  la)rer  of  firm  dentinei  separated  from  the  rest  by  a  thin  stratum  of 
fine  calcigerous  cells. 
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pMt  bed,  nosed  but  a  few  inches  above  the  sea-leyeL  On  the  eastern 
side  of  Waterford  Haven  beds  of  similar  shells  occur  at  the  same 
level ;  also  in  the  diff  north  of  Bluff  Head,  at  the  height  of  eight 
feet*  The  greatest  elevation  at  which  the  shelly  beds  have  been  ob« 
ser^^  by  Mr.  Austin  in  the  county  of  Waterford,  is  forty  feet. 

Immediately  north  of  Newtown  Head,  at  the  point  where  a  gradual 
rise  takes  place  in  the  cliff,  the  greater  part  of  a  human  skeleton  was 
found  resting  on  its  back,  five  feet  three  inches  below  the  surfi»e, 
and  about  the  same  distance  above  high* water  level,  in  the  centre 
of  the  shelly  bed.  The  Cardmm  eduie  was  as  numerous  in  and  around 
the  skeleton  as  in  other  portions  of  the  bed,  many  of  them  being 
lodged  in  the  cavity  of  the  skull.  Mr.  Austin  carefully  examined 
the  conditions  under  which  the  skeleton  was  found,  and  he  is  con*^ 
vinoed  that  the  ground  had  never  been  disturbed  for  sepulture,  the 
continuity  of  the  shelly  bed  being  unbroken  where  the  dceleton  oo« 
eurred,  and  no  specimens  of  the  Cardimn  ednde  being  dispersed  at 
random  through  the  incumbent  loam.  He  is  therefore  of  opinion, 
that  the  body  was  washed  into  the  estuary  during  the  period  when 
•the  shelly  bed  was  accumulated ;  that  it  was  arrested  at  the  point 
where  it  has  been  found  by  the  rise  in  the  level  of  the  bed ;  and 
that  consequently  an  elevation  of  the  country  has  taken  place  since 
the  commencement  of  the  human  period. 

From  an  extended  examination  Mr.  Austin  is  convinced,  that  the 
estuary  now  limited  to  Waterford  Haven  formerly  covered  a  much 
larger  area,  as  proved,  in  part,  by  the  patches  of  shells  noticed  above ; 
and  that  tiie  change  of  relative  level  has  been  slow  and  uniform, 
producing  no  local  disturbances ;  and  he  is  further  of  opinion,  thai 
theoperation  may  be  still  in  progress. 

Mr.  Austin  then  gives  a  general  description  of  the  geological 
structure  of  the  two  shores  of  Waterford  Haven  and  of  the  adjacent 
districts.  The  formations  consist  of  mountain-limestone,  old  red 
nndstone,  schistose  strata,  considered  to  be  of  the  age  of  the  Silu- 
rian Bvstem  on  account  of  the  fossils  found  near  Duncannon  Fort 
and  ^fewtown  Head,  and  trap  rocks. 

The  mountain-limestone  constitutes  Hook  Point,  the  southernmost 
headland  of  the  Wexford  side  of  the  Haven.  It  is  succeeded  to  the 
north,  conformably,  by  a  red  or  yellow  sandstone,  containing  obscure 
vegetable  remains,  also  thin  seams  and  nodules  of  anthracite,  like- 
wise some  small  masses  of  blade  copper  ore.  ^These  beds  are  assigned 
by  the  author  to  the  upper  part  of  the  old  red  sandstone.  They  are 
succeeded  in  regular  descending  order  by  various  marls,  sandstones 
and  conglomerates,  composing  the  mass  of  the  formation,  and  esti* 
mated  to  be  1600  feet  thick.  A  series  of  contorted  and  tilted  slaty 
beds  are  then  presented ;  but  at  Broom  Hill  the  conglomerates  c^ 
the  old  red  sandstone  reappear  with  the  same  dip  towards  the  south. 
Immediately  north  of  this  promontory  the  slates  recommence,  and 
are  displayed  in  unconformable  juxtaposition  with  the  old  red  sand- 
stone, the  latter  dipping  southwiurds,  and  the  former  at  a  higher  angle 
northwards.  From  Broom  Head  to  Arthurstown  the  slates  constio 
tute  the  whole  line  of  coast,  except  at  Duncannon  Fort.  The  strata 
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are,  for  the  greater  part,  varioQslf  contorted ;  but  near  Arthuntcywn 
they  dip  70^ to  the  north,  and  are  overlaid  by  beds  of  old  red  sand- 
atone,  which  also  dip  to  the  north,  but  at  an  angle  of  only  30^.  At 
Duncannon  Fort  an  impure  limestone  occurs,  containing  Trilobities, 
corals  and  testacea,  and  considered  by  Mr.  Austin  to  be  analogous 
to  species  found  in  the  Silurian  system. 

On  the  opposite  or  Waterford  side  of  the  Haven  the  old  red  sand- 
stone occurs  atCreden  Hill  and  Knockavelish  Head,  eminences  cor- 
responding to  Broom  Hill ;  a  small  patch  of  it  is  displayed  a  little 
to  the  northwards,  inserted  unconformably  in  the  slate  series  ;  and 
it  JFohns  the  rock  of  Passage,  a  prolongation  of  the  old  red  sandiatoae 
near  Arthurstown.  Between  Knockavelish  Head  and  Passage  the 
slate  sieries  prevails,  except  near  Newtown  Head,  where  trap-rocks 
are  exposed.  A  little  to  the  north  of  that  headland  are  some  highly 
inclined  fossiliferous  strata,  corresponding  in  position  to  the  beds 
near  Duncannon  Fort  on  the  opposite  side  of  the  Haven  ;  they  are 
visible  only  at  ebb-tide. 

The  trap-rocks  constitute  the  point  on  which  stands  Duncannon 
Fort ;  Newtown  Head  is  also  formed' of  trap ;  and  Mr.  Austin  is  of 
opinion  that  the  same  mass  strikes  westwards  to  Tnunore  and  thence 
to  Grreat  Newtown  Head,  where  it  is  lost  in  the  St.  Geoige's  Chan- 
nel. Along  this  line,  wherever  the  trap  comes  to  the  surfeuse,  the 
slates  are  tilted. 

With  respect  to  the  numerous  contortions  exhibited  in  the  schist- 
ose rocks,  Mr.  Austin  ascribes  their  existence  to  lateral  pressure, 
which  he  says  must  have  been  excessive ;  and  he  is  of  opinion  that 
a  considerable  portion  of  the  upper  part  of  these  contorted  beds  has 
been  removed  by  denudation.  . 

A  paper  by  C.  Lyell,  Esq.^F.G.S.,  was  afterwards  read,  "  On  the 
Freshwater  Fossil  Fishes  of  Mundesley,  as  determined  by  M. 
Agassiz." 

In  a  memoir  on  the  boulder  formation  and  associated  fireshwater 
deposits  of  Eastern  Norfolk*,  Mr.  Lyell  stated,  on  the  authority  oi 
Mr.  Yarrell  and  the  Rev.  L.  Jenyns,  that  the  scales  and  teeth  of  fishes 
which  had  been  then  procured  in  the  fluviatile  beds  of  Mundealey 
belonged  to  the  Esm  lucms,  to  a  trout  or  an  undeterminable  species 
of  Salmo,  to  a  carp,  probably  the  Cyprinm  carpio,  and  to  a  distinct 
species  of  Perca. 

ThiB  collection,  with  some  additions  recently  sent  to  the  author 
by  Mr.  Wigham,  was  examined  by  M.  Agassiz  during  his  late  visit 
to  England.  The  decision  of  Mr.  Jenyns  with  respect  to  the  distinct- 
ness of  the  perch,  M.  Agassiz  fully  confirmed ;  but  he  was  of  opinion 
that  the  pike  differs  from  the  Esox  lucius,  and  that  the  supposed  carp 
is  a  species  of  Leuciscua ;  and  that  the  trout  is  not  truly  a  trout,  al- 
though one  of  the  same  great  family. 

From  this  examination,  therefore,  Mr.  Lyell  says  it  is  iqiparent  that 
these  remains  belong  to  species  not  identical  with  any  European 

*  See  Proceedings,  anict  p.  17L  [The  paper  here  referred  to  appeared 
in  Phil.  Mag.,  Third  Series,  vol.  xvi,  p.  345.] 
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freshwater  fishes  hitherto  described;  but  that  thef  nevertheless  be* 
long  to  an  ichthyologtcal  fauna,  more  modem  and  more  nearly  re- 
sembling the  recent  than  any  other  with  which  M.  Agassis  is  ac« 
quainted  in  a  fossil  state. 

Similar  remains  have  been  found  by  Mr.  Lyell  at  Ranton,  near 
Cromer,  but  both  there  and  at  Mundesley  the  associated  testacea  all 
belong  to  living  freshwater  species ;  even  die  Paludina  nUnuta  (Strick- 
land), which  Mr.  Morris  has  pointed  out  to  the  author  to  be  iden- 
tical with  the  P,  marginata  of  Michaud,  a  living  French  species. 
It  is  a  question  therefore,  the  author  stales,  whether  these  unknown 
fishes  may  not  still  inhabit  the  rivers  and  lakes  of  the  more  northern 
parts  of  Europe  or  America,  especially  as  M.  Agassiz  is  at  present 
unacquainted  with  the  freshwater  fishes  of  Norway,  Sweden,  Spitz- 
bergen,  Iceland,  Greenland,  Labrador  and  Canada,  and  even  of  the 
northernmost  parts  of  Scotland  and  the  Shetland  Islands ;  and  in 
conclusion  Mr.  Lyell  says,  it  seems  natural  to  look  northward  for 
types  analogous  to  the  Mundesley  fishes,  because  the  beds  in  which 
tiiey  occur  were  deposited  contemporancQusly  with  the  drift  accu- 
mulated by  the  agency  of  floating  ice. 

Feb.  3. — A  paper  was  read,  *'  On  the  Geological  Structure  of  the 
Wealden  District,  and  of  the  Bas  Boulonnais,"  by  William  Hopkins, 
Esq.,  F.G.S. 

This  paper  is  divided  into  two  parts.  In  the  first  the  author  de- 
scribes the  phenomena  of  elevation  presented  in  the  two  districts 
comprised  respectively  within  the  boundary  of  the  great  Chalk 
escarpment  of  the  south-eastern  part  of  England,  and  an  exactiy  simi- 
lar escarpment  forming  the  inland  boundary  of  the  Bas  Boulonnais. 
The  former  is  well  known  as  extending  from  the  coast  at  Folkstone, 
by  Seven  Oaks,  Godstone,  Famham,  Petersfield,  &c.,  round  to  the 
coast  again  at  Beachy  Head.  On  the  opposite  side  of  the  channel, 
the  escarpment,  commencing  at  Wisant  on  the  north,  forms  nearly 
a  semicircle,  of  which  Boulogne  is  not  far  from  the  centre.  If  we 
conceive  the  northern  Weald  escarpment  continued  from  Folkstone 
to  Wisant,  and  the  southern  one  from  Beachy  Head  to  the  southern 
extremity  of  the  Bas  Boulonnais,  it  will  be  seen  that  the  whole  tract 
comprised  within  the  Chalk  would  be  a  regular  oval,  except  that  its 
axis  instead  of  being  straight  is  curved,  so  as  to  incline  towards  the 
S.E.  in  its  eastern  ix)rtion.  These  two  districts  are  thus  connected 
l>y  relative  position  not  less  than  by  a  community  of  geological  cha- 
racter. 

In  the  second  part  of  his  paper  the  author  compares  the  laws  of 
the  existing  phenomena  in  these  districts  with  the  results  given  by 
his  '  Theory  of  Elevation,'  published  in  the  Transactions  of  the  Cam- 
bridge Philosophical  Socie^  (Vol.  VI.  Part  I.).* 

I.  The  lines  of  elevation  in  the  Wealden  district  are  partly  marked 
by  an  anticlinal  arrangement  of  the  beds,  and  partly  by  strong  flex- 
ures, forming  onesided  saddles.    The  latter  have  been  termed  by  the 

[*  Mr.  Hopkins  gave  a  view  of  this  subject  in  Phil.  Mag.,  Third  Series, 
vol.  viii.  p.  227 — Edit.] 

PhU.  Mag.  S.  3.  Vol.  19.  No- 124.  Oct,  1841.  Y 
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author  lines  of  flexure*    The  central  portion  of  the  district  is  first 
described,    llie  following  lines  of  elevation  are  found  in  it. 

1 .  Hastinge  Line. — ^This  line  runs  to  the  north-east  of  Hastings 
towards  Battle.  It  has  been  mentioned  by  Dr.  Fitton  and  other  geo- 
logists.   The  author  had  not  had  time  to  examine  it  himself. 

2.  Brigktling  Line. — ^This  is  strongly  anticlinal,  and  runs  along 
the  high  ridge  of  Brightling  Down  as  far  as  Heathfield  Park,  where 
its  distinct  features  are  lost.  The  author  has  not  ascertained  whether 
it  ii  a  continuation  of  the  Hastings  line. 

3.  Wadhnret  Line, — ^This  line  runs  by  Wadhurst  and  Hawks- 
hurst,  to  the  south-west  of  which  place  it  is  lost.  It  also  ranges 
westerly  along  the  ridge  between  Wadhurst  and  Mark  Gross. 

4.  Crowborough  Line, — Crowborough  Beacon  stands  on  what  most 
be  regarded  as  the  great  central  ridge  of  the  district.  The  anticlinal 
line  runs  near  the  Beacon  and  is  continued  westeriy  to  the  north 
of  Balcombe.  No  traces  of  it  however  are  distinguishable  beyond 
Horsham. 

5.  Cuckfield  jLme.-— This  line  extends  parallel  to  that  last  described, 
and  immediately  to  the  north  of  Cuckfield.  It  is  not  to  be  traced  fieur  to 
the  west  of  that  place.  To  the  east  it  is  continued  across  the  Brighton 
railway,  where  it  was  very  distinctly  exhibited  in  the  new  cuttings. 

6.  Frant  Line, — ^At  Lamberhurst  this  line  is  distinctly  marked. 
It  proceeds  westward  along  Frant  Hill,  where  its  evidence,  however, 
is  not  very  distinct.  It  appears  to  be  lost  entirely  not  far  to  the  west 
of  Frant 

7.  Biibwrough  and  Brenchley  Line. — Bidborough  Hill  is  formed  by 
a  strong  flexure  of  the  beds  by  which  the  Hastings  sand  is  brought 
up  from  beneath  the  Weald  day.  Brenchley  Hill  is  formed  in  the 
same  manner,  but  presents  a  more  distinct  anticlinal  arrangement. 
These  hills  are  separated  by  a  wide  transverse  valley  of  denudation, 
but  there  can  be  little  doubt,  it  is  conceived,  that  they  belong  to  the 
same  line  of  elevation,  llie  dislocation  in  also  continued  westward, 
but  with  less  distinctness,  across  the  Medway. 

All  these  lines  preserve  a  remarkable  parallelism  with  each  other 
and  with  the  curved  central  axis  of  the  district. 

The  author  also  describes  several  transverse  valleys  of  the  central 
portion  of  the  district,  and  states  the  evidence  on  which  he  believes 
them  to  have  originated  in  transverse  dislocations. 

8.  Greenhurat  Line, — This  line  has  been  described  by  Mr.  Martin, 
by  whom  it  was  first  detected.  It  is  distinctly  marked  from  a 
point  south-west  of  Pulborough,  whence  it  runs  not  far  from  and 
parallel  to  the  chalk  escarpment,  till  it  strikes  into  the  chalk  at 
Kecomb.  Its  continuation  westward  is  not  very  distinct,  but  east- 
ward it  is  strongly  defined  at  Lewes.  Several  remarkable  transverse 
valleys  across  the  greensand  ridge  are  also  found  in  the  south- 
western part  of  the  district,  and  present  evidence  of  having  originated 
in  transverse  dislocations.  Their  directions  are  as  nearly  as  possible 
perpendicular  to  that  of  the  Greenhurst  line. 

9.  Line  from  Famham  to  Seven  Oaks, — ^This  line  runs  parallel  to 
the  chalk  escarpment  of  the  North  Dovms  and  near  to  it.    It  as  a 
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line  of  flexure,  with  a  great  dip  to  the  north,  but  without  the  cor- 
responding dip  to  the  south  necessary  to  form  an  anticlinal  arrange- 
ment,  except  in  one  or  two  localities.  Towards  the  west  it  runs 
immediately  at  the  foot  of  the  Hog's  Back  with  a  dip,  which,  near  its 
western  extremity,  amounts  to  70  or  80  degrees.  Near  Ghiildfbrd 
it  passes  by  the  foot  of  the  hill  on  which  Margaret's  chapel  stands. 
To  the  east  it  passes  south  of  Dorking  and  Reigate  to  the  summit  of 
TiLburstow  Hill.  It  is  afterwards  continued  by  limpsfield  to  the  east 
of  Seven  Oaks,  as  formerly  described  by  Dr.  Fitton.  At  some  points 
between  these  last-mentioned  places,  the  line  assumes  a  distinct  an- 
ticlinal character. 

Transverse  valleys  exist  in  the  greensand  ridge  of  this  part  of  the 
district  as  well  as  in  that  on  the  southern  side.  The  author  also 
alludes  to  what  he  conceives  to  be  incipient  valleys  of  this  descrip- 
tion, and  states  his  reasons  for  believing  them  to  be  indications  of 
transverse  fractures.  He  conceives  this  opinion  to  be  strongly  eor- 
roborated  by  the  existence  of  the  perennial  springs  by  which  these 
valleys  are  characterized.  Several  are  pointed  out,  especially  in  Leith 
Hill  and  the  Seven  Oaks  rid^  overlooking  the  valley  of  the  Weald. 

Iransverae  rtver'Courses  through  the  Chalk  escarpment  form  one  of 
the  most  striking  features  in  the  geology  of  this  district.  The  ana- 
logy which  they  bear  to  the  transverse  valleys  across  the  greensand 
ridges  would  seem  to  leave  no  doubt  of  their  being  referable  to  the 
same  physical  cause ;  and  as  there  are  in  many  instances  direct  evi- 
dence which  renders  the  origin  of  these  latter  valleys  in  transverse 
fractures  highly  probable,  the  same  conclusion  appears  almost  equally 
probable  with  respect  to  the  river-courses  through  the  Chalk.  In 
the  evidence  of  dislocation  which  the  Chalk  itse^  affords,  there  is 
nothing,  however,  very  conclusive ;  but  it  must  be  remembered,  that 
the  evidence  of  faults  is  always  difficult  to  detect  in  a  massive  forma- 
tion like  the  Chalk,  possessing  not  more  than  two  general  divisions 
which  admit  of  distinct  identification. 

The  central  chalk  ridge  of  the  Isle  of  Wight  is  traversed  in  like 
manner  by  three  transverse  valleys,  two  of  which  are  river-courses. 
The  author  has  pointed  out  some  direct  evidence  in  support  of  the 
conclusion,  that  the  central  one  (that  of  the  Medina)  has  originated 
in  transverse  dislocation. 

Bas  Boulonnais. — ^With  respect  to  the  structure  of  the  Bas  Bou- 
lonnais,  it  is  only  necessary  here  to  state,  that  the  author  has  recog- 
nised three  parallel  lines  of  dislocation  commencing  at  the  coast  and 
running  in  a  direction  coinciding  with  that  of  the  lines  of  elevation 
of  the  Weald,  supposing  them  produced  across  the  Channel  accord- 
ing to  the  law  which  they  follow  on  this  side  of  it  The  southern- 
most of  these  lines  passes  immediately  to  the  north  of  Boulogne. 

II.  In  the  second  part  of  this  paper,  previously  to  his  comparing  the 
observed  phsenomena  with  theoretical  deductions,  the  author  recapi- 
tulates some  fundamental  points  of  his  theory.  It  is  assumed,  that 
an  elevatory  force  has  acted  nmultaneously  at  every  point  of  the 
lower  surface  of  the  elevated  mass  in  each  district  throughout  which 
the  phaenomena  of  elevation  are  observed  to  follow  the  same  law* 
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lliis  force  is  not  supposed  to  have  been  necessarily  of  uniform  in- 
tensity throughout.  If  it  has  been  greater  in  one  portion  of  the 
district  than  in  the  rest  of  it,  a  corresponding  modification  will  be 
produced  in  the  directions  of  the  lines  of  elevation,  or  a  deviation 
from  those  positions  in  which  they  would  have  existed  had  the  in- 
tensity of  the  force  been  uniform  throughout.  If  tite  force  has  been 
uniform,  the  directions  of  the  lines  of  dislocation  and  elevation  will 
depend  on  the /orm  of  the  boundary  of  the  surface  of  the  elevated 
area.  If  this  be  given,  these  directions  must  be  investigated  on  me- 
chanical principles ;  and  if  the  force  be  supposed  to  have  acted  with 
greater  intensity  in  any  assigned  portion  of  the  district,  the  corre- 
sponding modification  in  the  directions  of  the  lines  must  be  deter- 
mined. This  has  been  done  by  the  author  in  some  particular  cases 
in  the  memoir  above  referred  to  in  the  Transactions  of  the  Philoso- 
phical Society  of  Cambridge. 

Any  irregularity  in  the  cohesive  power  of  the  elevated  mass  will 
have  but  little  effect  on  the  general  directions  of  the  lines  of  eleva- 
tion ;  but  if  there  be  any  considerable  continuous  portion  of  the  di- 
strict throughout  which  the  elevated  crust  is  thinner,  and  therefore 
lighter  and  weaker,  the  effect  will  manifestly  be  the  same  as  if  the 
crust  had  been  of  uniform  thickness  throughout,  and  had  been  acted 
on  in  this  particular  portion  with  a  force  of  greater  intensity.  Con- 
sequently the  modifications  in  the  lines  of  elevation  will  be  the  same, 
whether  they  arise  from  a  weaker  crust  or  a  greater  intensity  of  force. 

In  the  application  of  this  theory,  the  boundary  of  the  area  under 
which  the  elevatory  force  has  simultaneously  acted  must  be  de- 
termined as  nearly  as  may  be  by  the  actual  boundary  of  the  dis- 
turbed district,  throughout  which  we  recognize  a  character  of  con- 
tinuity in  the  phsenomena  of  elevation.  That  portion  of  the  district 
also  in  which  the  force  may  appear  to  have  acted  with  greater  in- 
tensity must  be  determined  by  the  existing  indications  of  greater 
elevation.  Thus  it  is  conceived,  that  a  simultaneous  effort  of  the 
elevatpry  force  was  made  throughout  the  whole  tract  extending  from 
the  Bas  Boulonnais  on  the  east,  beyond  the  Wiltshire  Chalk  on  the 
west,  and  from  the  Vale  of  Fewsey  and  the  valley  of  the  Thames  on 
the  north,  beyond  the  southern  coast  of  this  country  on  the  south. 
The  Wealden  district,  with  the  Bas  Boulonnais,  presents  us  also 
with  a  case,  in  which  it  is  presumed,  from  its  greater  elevation, 
either  that  the  disturbing  force  acted  there  with  greater  intensity, 
or  that  the  elevated  crust  was  there  thinner,  than  in  the  other  part 
generally  of  the  district.  Assuming  such  to  have  been  the  case,  the 
author  points  out  what  would  be  the  general  directions  of  the  lines 
of  elevation  throughout  the  Wealden  and  the  Bas  Boulonnais,  and 
comparing  them  with  the  lines  described  in  the  first  part  of  his  pa- 
per, he  shows  the  remarkable  accordance  which  exists  between  the 
results  of  observation  and  of  theory ;  an  accordance  wliich  he  considers 
as  strongly  confirmatory  of  his  theory  as  applied  to  this  district. 

Hence  the  author  concludes,  that  the  fissures  or  dislocations  in 
which  he  conceives  all  the  observed  lines  of  elevations  (whether 
faults,  anticlinal  lines,  or  lines  of  flexure,)  to  have  originated,  must 
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have  been  produced  by  one  simultaneous  and  momentary  effort  of 
the  elevatory  force.  It  is  not,  however,  to  be  regarded  as  a  neces-* 
sary  consequence  of  this  conclusion,  that  the  whole  elevation  of  the 
district  was  thus  produced  at  once ;  it  might  be  in  some  degree  pro« 
duced  by  previous,  and  in  a  considerable  degree  by  subsequent 
movements ;  but  it  would  seem  at  least  highly  probable,  that  that 
general  movement  which  produced  the  dislocations  of  the  elevated 
mass,  and  impressed  upon  it  its  present  distinctive  characters,  should 
have  been  the  most  energetic  of  those  repeated  movements  to  which 
the  whole  elevation  has  probably  been  due. 


ROYAL  ASTRONOMICAL  SOCIETY. 
[Continued  from  p.  245.] 

Dec.  1 1, 1840.  (Continued,) — Description  of  a  Method  of  dividing 
one  Circle,  B,  by  copying  from  another,  A,  previously  divided.  By 
Lieut.-Col.  Everest,  Director  of  the  Trigonometrical  Survey  of  India. 

In  Col.  Everest's  'Account  of  the  Measurement  of  an  Arc  of  the 
Meridian  in  India,'  published  in  1830,  it  was  stated  that,  with  a  view 
to  avoid  the  effects  of  the  errors  of  catalogues  and  the  periodical  ir- 
regularities to  which  all  stars  are  more  or  less  liable,  it  had  been 
resolved  to  substitute  two  astronomical  instruments,  each  with  a 
vertical  circle  of  three  feet  and  an  azimuth  circle  of  two  feet  dia- 
meter, for  the  zenith -sector  of  Ramsden,  formerly  used  in  determi- 
ning the  amplitudes  by  his  predecessor  and  himself ;  the  intention 
being,  that  fdl  celestial  amplitudes  should  be  determined  by  obser- 
vations taken  simultaneously  at  both  extremities  of  the  arc.  Ac- 
cordingly, two  new  altitude  and  azimuth  instruments  were  ordered 
in  London  and  forwarded  to  India,  where  they  arrived  in  1832 ;  but 
an  opportunity  of  giving  them  a  fair  trial  did  not  occur  until  1837, 
when  a  small  observatory  was  constructed  at  Kaliana,  the  northern 
limit  of  one  of  the  sections  of  the  great  arc  of  the  meridian.  The 
instruments  proved,  on  trial,  to  be  of  too  feeble  construction  for  the 
purpose  for  which  they  were  intended,  and  Colonel  Everest  found 
that,  in  order  to  render  them  serviceable,  it  would  be  necessary  to 
construct  for  each  a  pair  of  stronger  columns,  new  outriggers  and 
friction-rollers,  a  new  axis  for  the  azimuth  motion,  a  new  table  for 
supporting  the  columns,  and  a  new  azimuth  circle;  in  short,  to 
construct  two  entirely  new  instruments,  with  the  exception  of  the 
vertical  circles.  To  any  other  than  a  professed  artist,  an  operation  of 
this  kind,  even  imder  the  mostftivourable  circumstances,  would  prove 
an  arduous  and  formidable  undertaking ;  but,  in  a  half-barbarous 
country  like  Upper  India,  where  no  artificer  was  to  be  found  who  had 
ever  tried  his  hand  at  dividing,  or  even  seen  a  cutting-tool,  it  could 
not  be  otherwise  than  extremely  embarrassing.  Before  Col.  Everest 
undertook  the  alterations,  he  had  obtained,  indeed,  the  assistance 
of  a  mathematical  instrument-maker  in  the  service  of  the  Company* 
at  Calcutta ;  but,  owing  to  some  disagreement,  this  person  left  him 
before  the  most  difficult  part  of  the  operatioui  that  of  dividing  the 
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new  circles,  was  ready  to  be  commenced,  and  he  was  thereby  thrown 
entirely  upon  his  own  resources. 

Colonel  Everest  resolved  to  construct  the  new  tables  and  azimuth 
circles  of  cast-iron,  which,  though  objectionable  on  account  of  its 
liability  to  rust,  has  the  advantage  of  being  lighter  and  less  yielding 
than  brass.  The  circles  were  inlaid  with  gold  to  recdve  the  gra- 
duations ;  and  at  every  tenth  degree  a  drcidar  disc  of  silver  was  let 
in,  so  that  the  large  figures  might  stand  prominent.  Each  was  sup- 
plied with  a  strong  e(^-bar  below,  which  put  all  yielding  out  of 
the  question,  and  moreover  wbjb  of  great  service  in  the  process  of 
graduation,  by  affording  a  support  on  which  to  afiix  the  reading 
microscopes.  With  respect  to  the  mode  of  dividing  the  circles. 
Col.  Everest  states  that,  being  aware  of  the  dilatoriness  and  diffi- 
culty of  any  method  he  had  seen  detailed,  he  devised  a  plan  of  his 
own,  whereby  the  divisions  of  the  original  circles  should  be  copied 
on  the  new.  Without  the  aid  of  drawings,  it  is  scarcely  possible 
to  impart  an  idea  of  the  mechanical  means  which  were  employed 
for  carrying  this  plan  into  effect.  The  two  circles,  the  new  one 
which  was  to  be  graduated,  and  thebld  one  from  which  the  graduation 
was  to  be  copied,  were  placed  the  one  directly  over  the  other,  and 
strongly  secured  by  screws ;  and  the  principle  of  the  method  con- 
sists in  keeping  the  circle  to  be  graduated,  which  is  placed  below, 
steadily  fixed  on  a  substantial  pillar  of  masonry,  and  making  the 
circle  to  be  copied  from  revolve  above  it,  carrying  with  it  the 
cutting-tool  and  damp :  and  the  apparatus  being  thus  arranged,  it 
is  obviously  only  necessary  to  apply  sufficient  means  of  readmg  off 
the  angular  spaces  passed  over  by  the  latter  in  its  rotation,  in  curder 
to  transfer  its  graduation  to  the  former.  The  mode  of  operation  was 
assimilated  to  that  which  is  followed  in  taking  angles.  A  skilfiil 
person  was  appointed  to  each  of  the  four  microscopes ;  the  different 
readings  were  made  precisely  equal  to  the  arcs  to  be  intercepted ; 
and  when  the  one  mean  reading  subtracted  from  the  other  showed 
this  value,  the  order  was  given  to  cut. 

The  author  describes  in  minute  detail  the  different  parts  of  the 
operation,  which  appears  to  have  been  executed  successfully,  and 
he  concludes  his  paper  with  an  investigation  of  the  mathematical 
rdations  of  the  metiiod,  and  particularly  the  effect  of  eccentricity 
of  the  upper  circle,  and  of  any  error  in  fixing  the  cutting*tool» 
whereby  its  point  would  be  made  to  move  obliquely  to  the  radius. 

Transits  observed  at  Washington  (United  States),  from  January 
1  to  July  1,  1840;  and  Occultations  observed  at  the  same  place, 
since  June  1839.    By  J.  Melville  Gillies,  Esq. 

The  transit  is  one  of  the  6-feet  instruments  made  by  Tron^ton 
for  Mr.  Hassler,  in  1815,  and  mounted  on  substantial  granite  pil- 
lars. The  usual  methods  were  adopted  for  determining  its  errors 
of  level  and  coUimation,  and  the  observations  are  free  from  all 
such.  The  deviation  in  azimuth  was  determined  from  the  observed 
and  true  differences  of  right  ascension  of  high  and  low  stars,  and 
registered  in  its  proper  column  ;  but  the  proportional  part  due  to 
each  observation  was  not  in  any  case  applied.    The  observatioiM 
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were  registered  by  a  chronometer  regulated  to  sidereal  time,  and  its 
rate  determined  by  a  mean  of  successive  transits  of  the  same  star. 
The  true  sidereal  time  and  right  ascensions  were  taken  from  the 
list  of  moon- culminating  stars,  the  list  of  100  stars,  and  the  list  of 
stars  liable  to  occultation  given  in  the  Nautical  Almanac ;  and  the 
remainder  computed  by  means  of  the  Royal  Astronomical  Society's 
constants.  The  moon's  right  ascension  was  determined  by  apply* 
ing  the  mean  error  of  the  chronometer  to  the  observed  right  ascen- 
sion. 

Places  of  Bremicker's  Comet,  as  determined  with  the  Equatoreal 
Telescope  at  Mr.  Bishop's  Observatory.    By  the  Rev.  W.  R.  Dawes. 


Date. 

Greenwich 
MMnXIme. 

RiCht 
AMeiuicn. 

N.PJ>. 

Deeltnatloii. 

RoBArlu. 

1S40. 

h   u    1 

b  m   a 

0    ,    // 

0     /      V 

Nov.  14. 

9    4  19 

3039    6 

—1-59  20  24 

Rather  doubtful 

9  29    9 

203ri3 

* 



Ditto. 

16. 

9  55  53 

20  46  37 

31  13  11 

«+58  46  49 

Tolerably  good. 

19. 

8  38  13 

21     9  18 

32  15    3 

=  +57  44  57 

Good. 

9  37  59 

21    9  33 

32  16  11 

«-|-57  43  49 

Ditto. 

9  50    2 

21     9  39 

32  16  39 

—1-57  43  21 

Ditto. 

21. 

9    9  39 

21  24  55 

33    7    2 

-+56  52  58 

Very  pood. 
Excellent. 

24. 

8  51    1 

21  48    4 

34  37  47 

=  +55  22  13 

26. 

6  54  40 

22    2  43 

35  45  10 

=  +54  14  50 

Very  good. 
f  Comet  excessively 
faint,  seen  through 

27. 

5  43  15 

22  10    3 

36  21  10 

-+53  38  50 

<  smoke  and  fog. 
Doubtful  observa- 

Dec  2. 

731  58 

22  46  39 

40    0  11 

=  +49  59  49 

Very  eood. 
Excellent. 

3. 

6  33  59 

2253  14 

40  46    8 

=  +49  13  52 

LONDON  ELECTRICAL  SOCIETY. 

Sept.  21,  1841. — The  papers  read  at  this  meeting  were, — Ist, 
A  letter  from  Mr.  T.  Pine  to  the  Secretary,  "  On  the  Ripening  or 
Maturing,  and  Decline  of  Vegetation."    Third  communication. 

2nd.  Notice  of  "  The  Effects  of  a  Lightning  Flash."  By  Mr. 
William  Trackelton. 

3rd.  Notice  of  "  A  Test  for  Nitric  Acid  in  the  Sulphuric  Acid 
employed  in  exciting  Voltaic  Batteries."     By  the  Hon.  Secretary. 

Dissolve  some  sulphate  of  indigo  in  distilled  water,  and  add  some 
of  the  solution  to  the  acid;  if,  on  the  application  of  heat  for  a  few 
minutes,  the  blue  colour  disappears,^nitric  acid  is  present.  This  test 
was  shown  to  the  Secretary  by  Dr.  Leeson,  in  the  laboratory  of  St. 
Thomas's  Hospital,  in  order  that  it  might  be  communicated  to  the 
Society  for  the  benefit  of  those  who  find  their  zinc  consumed,  and  are 
not  aware  of  this  as  one  of  the  causes. 

4th.  Notice  "  On  the  Relative  Powers  of  certain  Diaphragm  Vol- 
taic Combinations,"  and  on  **  A  new  Form  for  the  negative  Element 
of  Voltaic  Airangements."    By  the  Hon«.  Secretary.  . 
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The  tabic  of  galvanometric  deflections  is  suspended  in  the  labora« 
tory  of  the  London  Institution.  Professor  Grove  furnished  Mr.  Walker 
with  a  copy  for  the  Society ;  it  contains  the  deflections  for  twenty* 
four  arrangements.  The  negative  element,  also  a  suggestion  of 
Mr.  Grove's,  is  platinized  silver  gauze  for  Smee's  battery ;  he  has 
found  the  advantage  from  using  cuprized  copper,  and  has  only 
delayed  adopting  the  silver  from  the  difficulty  of  obtaining  such 
an  article.  The  Secretary  recommended  platinized,  plated-copper 
gauze. 

5th.  "  On  certain  Phsenomena  connected  with  the  Spark  from  a 
secondary  Ck)il."     By  J.  P.  Gassiot,  Esq.,  F.R.S.,  M.E.S.,  &c. 

The  wires  of  the  coil  were  placed  side  by  side,  sometimes  parallel^ 
at  other  times  at  a  considerable  angle.  In  all  cases  the  spade  ap* 
peared  at  the  cathode.  With  a  coil  containing  twelve  miles  of  wire* 
the  secondary  spark,  in  the  flame  of  a  spirit-lamp,  was  three-fourths 
of  an  inch  long. 

6th.  "  An  Account  of  a  Method  of  Electro-gilding  and  Electro-- 
plating  at  the  expense  of  a  Gold  or  a  Silver  Anode."  By  Charles 
V.  Walker,  Esq.,  Hon.  Sec. 

This  object  is  usually  efiected  at  the  expense  of  a  gold  or  silver 
solution,  forming  one  of  the  exciting  liquids  in  a  single  cell ;  and  its 
strength  is  maintained  by  adding  ^om  time  to  time  fresh  supplies 
of  the  salt.  It  is  obviously  not  the  wisest  principle  to  employ  the 
salt  if  the  metal  itself  can  be  used ;  but  as  the  former  plan  has  been 
so  generally  adopted,  Mr.  Walker  suspected  some  physical  difficulty 
might  exist  in  the  other  mode.  To  satisfy  himself,  he  went  through 
a  series  of  experiments,  the  results  of  which  were,  that  from  cyanide 
of  silver,  when  electrolysed  with  a  silver  anode,  an  anion  will  be  re- 
leased that  will  combine  with  the  anode,  and  that  the  like  result 
attends  the  electrolysis  of  the  cyanide  of  gold.  The  author  em- 
ployed a  silver  plate,  which  was  considerably  consumed ;  and  a  gold 
wire,  which  was  also  much  acted  upon.  He  recommends  this  as  a 
surer,  a  more  simple,  and  a  much  more  ceconomical  method ;  and 
conceives  that  by  this  means  the  expense  of  each  operation  is  reduced 
to  a  minimum,  llie  communication  extended  to  some  length,  and 
contained  a  description  of  a  "  Regulating  Apparatus,"  to  be  em« 
ployed  when  rich  deposits  are  required,  and  instructions  as  to  the 
management  and  preparation  of  the  apparatus,  &c, 

Mr.  Weekes's  Monthly  Register  was  then  placed  on  the  table,  and 
the  Society  adjourned. 


CHEMICAL  SOCIETY  OF  LONDON. 
[Continued  from  vol.  xyiii.  p.  520.] 

May  II,  1841. — "  On  a  Simple  and  Cheap  Method  of  preparing 
Hydrochloric  Acid  absolutely  pure,  and  of  any  required  strength," 
by  Wm.  Gregory,  M.D.  Professor,  &c..  King's  College,  Aberdeen. 

Much  difficulty  is  experienced  in  procuring  pure  and  concentrated 
hydrochloric  acid  for  chemical  purposes,  the  common  commercial 
acid  containing  various  impurities,  particularly  sulphuric  and  sulphu- 
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rous  acid6,  free  chlorine,  chloride  of  iron  and  sulphate' of  eoda ;  these 
aride  from  iin|Hirities  contained  in  the  materials  employed;  the 
chlorine  from  the  action  of  nitric  or  nitrous  acid  (often  present  in 
oil  of  vitriol)  on  the  hydrociiloric  acid ;  sulphurous  acid  from  or-* 
ganic  particles  in  the  common  salt  employed  ;  and  chloride  of  iron 
from  the  presence  of  that  metal  also  in  Uie  salt.  Pure  and  clean 
materials  are  therefore  the  first  requisite  for  a  pure  acid.  Dr.  Ghre« 
gory  finds,  that  if  to  one  equivalent  of  salt  two  equivalents  of  sulphu« 
ric  acid  diluted  with  a  certain  quantity  of  water  be  used,  instead  of 
one  equivalent  as  usually  prescribed,  the  whole  of  the  hydrochloric 
acid  may  be  expelled  without  a  trace  of  sulphuric  acid  passing  over 
even  into  the  first  condensing  bottle,  and  that  two-thirds  of  the  hy- 
drochloric add  distil  over  before  water  is  volatilized ;  on  this  obser- 
vation the  following  process  is  founded. 

Into  a  common  Florence  flask  are  introduced  4  ounces  of  the  pu- 
rest patent  salt,  and  5  fluid  ounces  of  sulphuric  acid  of  specific  gra- 
vity 1-600 ;  a  gentle  heat  is  applied,  and  the  gas  which  is  then  gene- 
rated, is  conducted  by  a  bent  glass  tube  into  a  four- ounce  phial  con- 
taining 2  ounces  of  distilled  water  surrounded  with  snow  or  ice-cold 
water.  No  safety  tube  is  required,  as  the  tube  is  made  to  dip  only 
about  one-eighth  of  an  inch  into  the  water,  so  that  should  any 
absorption  take  place  the  rise  of  a  little  water  in  the  tube  exposes 
the  extremity  of  it,  so  as  to  admit  the  air ;  or,  fi>r  greater  security, 
a  small  bulb  may  be  blown  on  the  descending  limb  of  the  tube. 
The  gas  is  absorbed  as  fast  as  it  comes  over,  and  for  the  first  hour 
and  one  quarter  the  heat  hardly  requires  to  be  increased ;  if  the  tem- 
perature of  the  surrounding  water  has  been  kept  so  low  as  50^  the 
2  ounces  of  distilled  water  will  have  increased  in  volume  to  3  ounces 
of  colourless  hydrochloric  acid,  fuming  strongly,  and  having  a  spe- 
cific gravity  of  1*20  to  1*21,  the  gas  passing  over  so  dry  that  no  part 
of  the  tube  becomes  warm.  This  portion  being  removed,  its  place  is 
supplied  by  2  ounces  more  of  distilled  water,  and  the  heat  gradually 
increased  and  continued  for  an  hour  longer;  by  that  time  all  the  hydro- 
chloric acid  is  expelled,  with  some  water,  and  the  2  ounces  of  water 
have  become  3  ounces  of  hydrochloric  acid  of  specific  gravity  1*10. 
Both  portions  are  absolutely  pure.  If  3  ounces  of  water  are  used  in 
the  first  instance,  4*o  fiuid  ounces  of  acid  of  specific  gravity  1*165 
are  obtained ;  and  then  replacing  the  acid  by  2  ounces  of  water,  3*5 
ounces  more  of  specific  gravity  1*065.  If  5  ounces  of  water  are  used 
at  once  for  condensing  the  acid  and  kept  till  the  distillation  is  com- 
plete, 7*5  fluid  ounces  of  specific  gravity  1*155  are  obtained.  Dr. 
Clark  finds  sulphuric  acid  of  a  specific  gravity  of  1*65  to  answer 
still  better  than  acid  of  1*60. 

Dr.  Clark  then  exhibited  to  the  Society  his  method  of  ascertain- 
ing, quantitatively,  the  comparative  hardness  of  water  by  means  of 
the  common  test  of  tincture  of  soap,  illustrated  by  experimental 
evidence,  to  prove  the  accuracy  of  wluch  it  was  susceptible,  and  the 
facility  of  its  application.  Dr*  Clark  hoped  at  a  future  meeting 
to  lay  before  the  Society  more  mature  details  of  the  method  ex- 
hibited. ^ 
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May  18.— An  extract  of  a  letter  from  Mr.  Maugham  \nA  read, 
"  On  the  Mode  of  treating  Copper  Ores,  and  the  Ores  of  other 
Metals  combined  with  Sulphur,  so  as  to  ascertain  the  quantity  of 
Sulphur  in  such  Ores,  and  also  the  quantity  of  Copper  in  the  natire 
Sulphuret." 

A  quantity  of  the  powdered  ore,  sulphuret  of  copper,  about  50  or 
100  gndns,  is  placed  in  a  porcelain  tube  traversing  a  small  furnace, 
and  made  red-hot ;  after  remaining  for  5  or  6  minutes  a  portion  of  the 
sul|)hur  will  be  expelled ;  a  stream  of  oxygen  gas  is  then  passed  over 
it,  the  remaining  sulphur  is  then  rapidly  given  off  as  sulphurous  and 
sulphuric  adds,  and  the  copper  thoroughly  oxidized.  By  heating  the 
ore  when  first  introduced  into  the  tube  it  becomes  slightly  adherent, 
which  prevents  any  of  it  from  being  blown  away  by  the  oxygen  gas. 
The  contents  of  the  tube  are  then  removed  into  an  assay  crucible, 
with  the  addition  of  black  flax  and  a  little  charcosl ;  the  whole  co- 
vered with  dry  carbonate  of  soda  or  borax,  and  submitted  to  a  yellow 
heat,  when  a  button  of  copper  is  obtained.  Mr.  Maugham  finds 
that  arsenic  and  other  volatile  metals  that  may  happen  to  be  present, 
are  oxidated  and  expelled  by  the  heat;  but  should  tin  be  present  it 
wiU  be  found  with  the  reduced  copper,  and  must  be  removed  in  the 
usual  way.  The  process  ia  known  to  be  complete  when  no  more 
vapours  are  seen  to  issue  firom  the  tube,  or  when  the  odour  of  sulphu- 
rous add  is  no  longer  perceptible.  It  is,  however,  to  be  observed, 
that  white  vapours  will  be  seen  even  after  the  process  is  complete, 
owing  to  a  portion  of  sulphuric  acid  condensed  in  the  tube  returning 
to  the  hot  part.  An  assay  of  this  Idnd  takes  about  twenty  minutes 
to  execute. 

When  the  wet  analysis  is  desirable,  we  have  only  to  proceed  as 
before  in  the  tube  part  of  the  process,  and  to  dissolve  the  reddue  in 
the  proper  acids. 

Mr.  Maugham  speaks  fovourably  of  the  use  of  chlorate  of  potash, 
added  to  hydrochloric  acid,  for  dissolving  certain  ores  where  nitro- 
muriadc  acid  is  generaUy  employed,  and  afterwards  expelling  the  ex- 
cess of  chlorine  by  heat ;  the  known  inconveniences  of  nitric  add  in 
certun  cases  are  thus  avoided. 

The  quantity  of  sulphur  contained  in  the  ore  is  ascertained  by 
elongating  the  tube  traversing  the  furnace,  so  that  it  may  dip  into 
a  v€»sel  containing  water  saturated  with  chlorine,  by  wluch  means 
the  sulphurous  acid  is  converted  into  sulphuric  add,  and  the  quantity 
of  sulphur  found  from  the  precipitate  with  chloride  of  barium. 

A  paper  was  read  "On  the  Atomic  Weight  of  Carbon,"  by  Pro- 
fessors Redtenbacher  of  Prague  and  liebig  of  Giessen*. 

June  1. — ^Extract  of  a  letter  from  Col.  Yorke  "  On  a  Specimen  of 
Artifidal  Arragonite." 

« This  substance  was  taken  from  the  interior  of  a  copper  boiler 
which  was  used  to  supply  hot  water  for  household  purposes  at  Port 
Eliot,  Lord  St.  Oermaine's  seat  in  Cornwall.  The  substance  is  about 
•l^ths  of  an  inch  thick,  and  by  its  non-conducting  power  it  caused, 

*  This  paper  is  ^ven  entire  in  our  last  Number,  p.  210. 
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M  I  understood,  the  destruction  of  the  boiler.  On  the  surface  which 
was  next  to  the  copper  it  is  coated  by  dioxide  of  copper,  and  the 
mass  appears  made  up  of  an  aggregation  of  prismatic  crystals,  whose 
axes  are  perpendicidar  to  the  surface  on  which  the  incrustation 
formed :  under  a  microscope  these  crystals  appear  to  be  six-sided 
prisms.  I  compared,  under  a  polarizing  microscope,  portions  of  the 
powder  of  Icebuid  spar,  and  ef  arragonite  from  Bilin,  with  the  pow- 
der of  the  specimen ;  the  latter  agreed  very  closely  in  appearance 
with  that  of  arragonite. 

"  Among  the  powder  of  tiie  specimen  were  seen  some  Tory  aente 
double  six-sided  pyramids;  these  with  little  doubt  are  similar  to 
those  formed  by  G.  Rose*  by  evaporating  solutions  of  caibonate  of 
lime  at  a  boiling  heat,  and  described  by  him  as  resembling  some 
sapphire  crystals. 

'*  On  chemical  examination  it  was  evident  that  the  specimen  con- 
sisted chiefly  of  carbonate  of  lime ;  water,  however,  dissolved  fe)m  it 
a  small  quantity  of  sulphate  of  lime. 

"  The  following  is  the  result  of  an  analysb  made  on  10  grains,  but 
which  does  not  pretend  to  minute  accuracy  :-^ 

Matter  insoluble  in  muriatic  acid,  silica,  with  1      . 
oxides  of  iron  and  copper.  J 

Sulphate  of  lime   • 1*8 

Carbonate  of  lime 93-7 

Carbonate  of  magnesia 3*2 

100 

"  Deprived  of  its  coating  of  dioxide  of  copper,  three  trials  were 
made  of  the  specific  gravity  of  its  powder ;  the  sulphate  of  lime  being 
previously  washed  off  with  hot  water. 

"  The  two  first  trials  were  made  by  weighing  about  80  grains  of  the 
powder  in  a  small  spherical-stoppered  phial  (whose  contents  in  di- 
stilled water  at  62°  was  previously  determined),  and  then  when  filled 
up  with  water,  the  third  trial  was  made  in  the  manner  described  by 
Rose.  The  specific  gravity  being  thus  determined,  the  powder  was 
in  each  case  dried,  and  slighUy  ignited,  (by  which  operation  arrago- 
nite, as  is  known,  is  converted  into  calcareous  spar)  and  the  specific 
gravity  again  taken.     The  results  were  as  follows : — 

Spec  Grav.  Spec.  Gnv. 

before  Ignition.  after  ignition. 

1st  trial 2-842  2708 

2nd 2-828  2701 

3rd 2-878  2-681t 

Mean 2849  2696 

The  specific  gravity  of  arragonite  crystals  from  Bilin  is  2*946. 
"TTie  highest  specific  gravity  which  Rose  obtained  of  arragonite, 

[•  G.  Rose*s  paper,  here  referred  to,  on  the  formation  of  calc-spar  and 
arragonite^  will  be  found  in  Phil.  Mag.,  Third  Series,  vol.  xii.  p.  465.-^Eo.} 
t  The  losi  by  ignition  on  43*8  grains  was  ss  *08  grain. 
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formed  by  evaporating  solutions  of  carbonate  of  lime»  he  states 
s2-836. 

"  Specific  gravity  of  Iceland  spar  is  2*  72.  I  should  suppose  then  that 
there  can  be  little  doubt  but  that  the  specimen  affords  an  example 
of  the  formation  of  arragonite,  and  a  verification  of  G.  Rose's  expe« 
riments. 

"  I  have  since  made  two  attempts  at  producing  arragonite  by  Rose's 
method  of  precipitation,  but  cannot  boast  of  my  success.  The  fol- 
lowing is  a  note  of  the  best  experiment.  A  solution  of  300  grains 
of  chloride  of  calcium,  in  4  ounces  of  water  at  212°,  was  mixed  ra- 
pidly with  a  solution  of  330  grains  of  carbonate  of  ammonia  in  8 
ounces  of  water  at  180°.     The  mixed  liquor  was  not  alkaline. 

"The  precipitate  under  the  microscope  consisted  chiefly  of  radiating 
spicular  crystals,  extremely  minute,  with  occasional  rhombohedrons. 
The  precipitate  being  washed,  the  specific  gravity  taken  before  dry- 
ing came  out  sse  2*751,  after  drying  it  was  below  2*7.  During  the 
washing  a  slight  crackling  noise  was  heard,  and  I  cannot  help  think- 
ing the  precipitate  may  have  been  thrown  down  as  arragonite,  but 
changed  into  calc-spar  during  the  washing  and  drying." 

Professor  Kuhlman  of  Lille  presented  specimens  of  Chalk  hard- 
ened by  his  process  for  the  Silicification  of  Limestones,  which  con- 
sists of  immersing  them  in  a  solution  of  silicate  of  potash,  expos- 
ing to  air  for  several  days,  and  afterwards  washing.  Although  the 
chalk  did  not  contain  more  than  three  or  four  per  cent,  of  sDica, 
it  was  capable  of  scratching  many  cements  and  marbles.  In  a 
similar  manner  he  could  harden  carbonate  of  lead  and  plaster  of 
Paris.  He  finds  alkaline  salts  in  all  the  limestones  containing  silica, 
which  are  hydraulic,  and  believes  that  they  originally  resembled 
ordinary  chalk  in  purity,  but  have  l)een  partially  silicified  by  infil- 
tration of  water  containing  an  alkaline  silicate  in  solution,  or  by  a 
natural  process  analogous  to  his  artificial  one. 

Extract  of  a  letter  from  Dr.  R.  F.  Marchand  of  Berlin,  "  On  the 
Atomic  Weight  of  Carbon.** 

"  I  take  this  opportunity  of  communicating  the  results  of  experi- 
ments relative  to  the  atomic  weight  of  carbon,  which  Professor  Erd- 
man  and  myself  have  very  lately  obtained.  The  difference  between 
the  numbers  recently  given  by  Dumas  and  that  of  Berzelius  was  a 
sufficient  inducement  for  us  to  examine  and  repeat  Dumas's  experi- 
ments, much  occupied  as  we  are  with  organic  analysis.  The  bnm* 
ing  of  diamonds  in  oxygen  gas  was  easily  effected  by  us  in  a  porce- 
lain tube,  by  a  pretty  high  temperature.  The  apparatus  employed 
was  very  similar  to  that  described  by  Dumas. 

"  The  following  are  the  results  :^— 
No.  1.  0*8062  gramme  diamonds  left  a  residue  weighing  OOOIO 
gramme,  and  gave  2*9467  grs.  carbonic  acid,  consequently 
giving  the  atomic  weight  for  carbon  75*19. 
No.  2.  1*0867  gr.  left  a  residue  weighing  0-0009   gr.,  and  gave 

3*9875  grs.  carbonic  acid  =  carbon  74*84. 
No.  3.  1*3575  gr.  left  a  residue  weighing  0*0018  gr.,  and  gave 
4*9659  grs,  carbonic  acid  se  carbon  75*10. 
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No.  4.  1*6330  gr.  left  a  residue  weighing  0-0025,  and  gave  5*97945 

=  carbon  74*98* 
No.  5.  0*7510  gr.  left  a  residue  weighing  00010,  and  gave  2*7490 
s  carbon  7503. 
"  Graphite  gave  the  same  numbers ;  the  residues  were  pure  white 
silex  without  a  trace  of  oxide  of  iron  ; — 

No.  1.  1*4580  gramme  native  graphite  left  a  residue  weighing 

0'0075,  and  gave  5'31575  grs.  =  carbon  75*05  atomic  weight. 

No.  2.  1*5746  gr.  graphite  left  a  residue  weighing  0*037,  and  gave 

5*6377  grs.  =  carbon  7502. 
No.  3.  1*6578  gr.  residue  0*0084,  and  gave  6*0385   =  carbon 

7518. 
No.  4.  1*9040  gr.  artificial  graphite,  residue  0*0105  gr.,  gave  6*9355 
grs.  ss carbon  75*10. 
"  The  mean  of  these  experiments  give  75*07 ;  we  therefore  consider 
75  as  the  true  number  indicated  by  these  experiments  for  the  atomic 
weight  of  carbon.  It  is  remarkable  that  this  number  was  fixed  upon 
theoretically  by  the  English  chemists,  and  has  now  been  confirmed 
by  experiments.  If  we  take  the  number  6*239  for  hydrogen,  with  a 
very  small  increase,  viz.  as  6*250,  we  arrive  at  the  numbers  for  oxy- 
gen, carbon  and  hydrogen,  viz.  16,  12,  2,  or  8,  6,  1." 

A  paper  was  read   "  On  Malic  Acid,  and  the  Salts  of  Malic 
Acid,"  by  R.  Hagen,  M.D.,  translated  and  communicated  by  T.  G. 
Tilley,  Esq.  This  paper  will  be  found  in  the  present  Number,  p.  306. 
A  paper  was  read  "  On  Pyroxylic  Spirit,"  by  Andrew  Ure,  M.D. 
A  paper  was  read  "  On  the  Ferrocyanides,"  by  R.  Corbett  Camp- 
bell. 

Both  these  papers  will  be  inserted,  entire,  in  a  future  Number 
of  the  Philosophical  Magazine. 


XLVII.    LUelligetice  and  Miscellaneous  Afiicles. 

PREPARATION  OF  LACTIC  ACID  AND  LACTATES. 

THE  following  process  is  recommended  by  MM.  Boutron  and  E. 
Fremy,  for  preparing  lactic  acid  and  its  salts  : — ^I'ake  about  6 
pints  of  milk,  and  add  to  it  about  8  ounces  of  sugar  of  milk  dissolved 
in  water.  The  mixture  is  to  remain  in  an  open  vessel  exposed  to  the 
air,  for  some  days,  at  a  temperature  of  about  60^  Fahr.  The  liquor 
has  then  become  very  acid,  and  is  to  be  saturated  with  bicarbonate 
of  soda.  In  24  to  36  hours  it  again  becomes  acid,  and  is  to  be  again 
saturated,  and  so  on,  until  all  the  sugar  of  milk  is  converted  into 
lactic  acid.  When  the  conversion  is  reckoned  complete,  the  milk  is 
to  be  boiled  to  coagulate  the  caseum,  and  it  is  to  be  filtered  and 
cautiously  evaporated  to  the  consistence  of  a  syrup ;  the  product  of 
this  evaporation  is  to  be  treated  with  alcohol,  which  dissolves  tlie 
lactate  of  soda ;  to  the  alcoholic  solution  suflicient  sulphuric  acid  is 
to  be  added  to  convert  the  soda  into  sulphate,  which  is  precipitated, 
and  the  liquor  filtered  and  evaporated  yields  lactic  acid  nearly  pure  ; 
in  order  to  obtain  it  perfectly  so,  it  is  to  be  saturated  with  chalk,  and 
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the  lactate  of  lime  fonned  immediately  crystallizes  in  perfectly  white 
mammillated  masses,  and  ft^m  this  the  lactic  acid  b  procured  hy  the 
well-known  processes. 

It  is  evident,  observe  the  authors,  that  lactic  acid  may  be  satu- 
rated by  other  bases,  and  they  state  that  a  chemical  manufieu^turer 
has  prepared  this  acid  from  the  sour  water  of  starch-makers,  by  satu- 
rating it  with  carbonate  of  lime. — Journal  de  Pharmacie,  xzvii.  341. 


PREPARATION  OF  FORMIC  JETHER. 

According  to  Wohler,  the  following  process  yields  formic  sether 
in  large  quantity,  and  very  readily :  put  into  a  retort  ten  parts  of 
starch  and  37  parts  of  peroxide  of  manganese,  intimately  mixed  in 
very  fine  powder ;  add  to  them  a  mixture  of  30  parts  of  sulphuric 
acid,  15  parts  of  highly  rectified  spirit  of  wine,  and  15  parts  of 
water ;  the  mixture  is  to  be  gently  boiled,  and  distillation  continued 
until  the  product  contains  no  eether.  In  order  to  separate  the  water 
and  the  alcohol,  a  sufiicient  quantity  of  chloride  of  calcium  is  to  be 
dissolved  in  the  product,  and  distillation  is  to  be  performed  in  a 
water-bath ;  the  purification  is  to  be  completed  by  a  second  rectifi- 
cation in  the  same  manner. 

M.  Wohler  states,  that  in  the  numerous  experiments  which  M. 
Kolbe  made  on  this  subject  at  his  request,  appearances  presented 
themselves  which  probably  indicate  the  presence  of  a  peculiar  sub- 
stance in  this  lether,  requiring  fresh  experiments  for  elucidation: 
when  the  fragments  of  fused  chloride  of  oddum  have  been  for  some 
time  in  contact  with  the  aether  which  has  been  once  rectified,  and 
are  partly  dissolved,  it  becomes  of  a  deepish  yellow  colour,  and  de- 
posits small,  very  fine  colourless  crystals  on  tiie  sides  of  the  vessel* 
In  general  the  colour  disappears  after  a  certain  time ;  it  is  probably 
owing  to  chloride  of  iron ;  and  probably  also  the  crystals  are  a  com- 
pound of  chloride  of  calcium  and  alcohol,  which  are  soluble  in  formic 
aether,  and  may  crystallize  from  it. — Journal  de  Pharmacie ,  tom.  xxvii. 
p.  91.  

PREPARATION  OF  lODATE  OF  POTASH.      BY  M.  MELLON. 

When  cold  no  action  takes  place  between  the  above-named  sub* 
stances ;  but  if  to  chlorate  of  potash  about  three  or  four  times  its 
weight  of  distilled  water  be  added,  and  then  heated  to  ebullition, 
iodine  added  to  the  solution  disappears  in  considerable  quantity;  the 
liquor  is  colourless,  and  remains  so  until  the  equivalent  of  iodine 
is  exceeded ;  after  this  the  liquor  becomes  yellow  and  then  brown  ; 
and,  as  a  final  result,  there  are  obtained  neutral  iodate  of  potash 
and  chloride  of  iodine,  with  greater  or  less  excess  of  the  latter.  If 
the  mixture  be  evaporated  to  dryness,  the  chloride  of  iodine  is  dis- 
engaged, and  the  iodate  of  potash  remains  pure. 

If  the  action  of  the  iodine  on  the  chlorate  be  stopped  before  an 
equivalent  of  the  iodine  is  added,  the  liquor  even  then  contains 
iodate  of  potash,  and  also  chlorate  [chloride  ?]  of  iodine,  correspond- 
bg  unquestionably  to  iodic  add ;  for  if  the  liquor  be  strongly  heated. 
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chlorind  is  disengaged,  and  there  Temains  chloride  of  iodine,  which 
giyes  a  precipitate  of  iodine  with  carbonate  of  potash. 

According  to  M.  Mellon,  the  formation  of  chloride  of  iodine  ex- 
plains the  reaction  that  occurs :  the  iodine  attracts  the  chlorine  of 
the  chlorate,  whilst  the  greater  affinity  of  the  iodine  for  the  oxygen, 
and  the  greater  cohesion  of  the  iodate,  cause  the  iodine  to  enter  into 
the  chlorate  instead  of  the  chlorine.  The  action  M.  Mellon  repre- 
sents thus:  5  CIO^KO  +  61  =  510*,  KO  +  ICP. 

Journal  de  Pharmacie,  torn,  zxvii,  p.  102. 


PROFESSORSHIP  OF  OEOLOOY,  UNIVERSITY  COLLEGE,  LONDON. 

We  have  great  pleasure  in  recording  the  establishment  of  a  Chair 
of  Oeology  in  University  College,  and  that  Thomas  Webster,  Esq., 
formerly  Secretary  to  the  Geological  Society,  has  been  appointed  to 
occupy  it. 

Professor  Webster's  Course  on  Geology  at  the  College,  consisting 
of  Thirty  Lectures,  will  commence  on  the  first  Tuesday  in  February 
1842,  and  will  be  divided  into  three  parts. 

1.  The  description  of  such  simple  minerals  as  enter  essentially 
into  the  composition  of  rocks. 

2.  Geology,  properly  so  called ;  or  the  characters  and  superposi- 
tion of  the  strata  composing  the  crust  of  tlie  globe,  together  with 
an  account  of  the  various  phienomena  exhibited  by  them. 

3.  The  application  of  the  above  subjects  to  the  useful  arts. 


METEOROLOGIOAL  OBSERVATIONS  POR  AUG.  1841. 
Wiwidt. — August  1.  Slight  rain :  cloudy  and  fine.  S.  Pine  with  clouds :  rain. 
S.  Hainr:  cloudy  and  mild :  rain.     4.  Cloudy  and  fine.     5.  Fine:  slight  rain. 
6f  7.  ^ne.      8.  Rain  :  cloudy  and  fine.     9.  Very  fine.      10.  Very  fine  :  rain. 

11.  Scormy  and  wet  19.  Fine.  IS.  Cloudy.  M.  Rain:  showery:  elsarat 
night.  15 — 17.  Cloudy  and  fine.  18.  Hasy  :  fine.  19,  20.  Very  fine.  21. 
Cloudy.  22.  Cloudy :  slight  rain.  23.  Rain  :  cloudy  and  fine.  24.  Showery : 
dear.  25.  Drissly.  26.  Hasy  and  mild.  27.  Heavv  dew  :  doudy  and  hot. 
S8— SO.  Foggy  in  the  mornings  :  very  fine :  evenings  clear.  31.  Overcast  and 
fine. 

.fiesfon.— August  1.  Fine:  rain rjf.  2.  Fine.  3.  Cloudy:  rain r.ic  4.  Fine: 
rain  early  a.m.  5.  Cloudy :  rain  r.ic  6.  Cloudy  and  stormy.  7.  Cloudy :  rain 
r.w.  8»  9.  Cloudy.  10.  Fine.  11.  Cloudy:  rain  early  a.sc.:  rain  p.m.  12. 
Stormy.  13.  Cloudy.  14.  Cloudy:  rain  early  a.m.  15.  16.  Cloudy.  17. 
Fine :  rain  r.M.  18,  19.  Fine.  20.  Fine :  thermometer  77^  half-past  two  r.M. 
21.  Fine :  rain  a.m.  22.  Fine.  23,  24.  Fine :  rain  early  a.m.  25.  Rain  : 
rain  early  a.m.  26.  Cloudy :  thermometer  75^  three-quarters  past  two  r.if.  27. 
Fine :  thermometer  75°  quarter.past  ekven  A.if.    28,  29.  Fine.    30^  31.  Cloudy. 

jipplegarih  Matutf  Jhmfrie»'Mre. — August  1.  Fair,  but  cool  and  cloudy. 
S.  Fair  and  fine.  3.  Wet  a.m.  i  cleared  and  was  fine.  4.  Fair  and  fine.  5. 
Rain  all  day.  6.  Wet  a.m.  :  cleared  and  was  fine.  7.  Wet,  sUghtly.  8.  Fine 
though  showery :  thunder.    9.  Wet  a.m.  :  became  fine.    10.  Showery.    1 1.  Fair. 

12.  Showery  ill  day.  13.  Partial  showers.  14.  Wet  a.m.  :  became  fine.  15. 
Fine  till  r.M.:  then  rain.  16.  Wet  a.m.  :  cleared  r.M.  17.  Fair  throughout. 
18.  Fair  A. M.:  wet  p.m.  19.  Fair  and  warm:  air  electricaL  SO.  Wet  nearly 
all  day :  thunder.  21.  Wet  r.M. :  fiood.  22.  Fine  and  fair.  23.  Occasional 
sli(^t  showers.  24.  Wet  p.m.  and  evening :  thunder.  25.  Showery.  26.  Rain 
early  A.M. :  cleared.  27.  Fine :  one  shower  a.m.  28.  Wet  morning :  cleared^ 
$9.  Fine  but  cloudy,    ga  Wet  all  day.    31.  Fsur  and  fine. 
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XLVIII.    On  the  Chemical  Sialics  of  Organized  Beings* 
By  M.  Dumas. 

[The  discourse  of  which  the  following  is  a  translation,  attracted,  as  we  are 
informed,  much  attention,  on  its  delivery  by  M.  Dumas.  It  formed  the 
concluding  I^ecture  of  his  course  at  the  Ecole  de  MSdecine,  and  has  just 
been  published. — ^£0.] 

T  IFE,  whose  painful  masteries  you  are  called  upon  to  fa- 
•'-^  thorn,  exhibits  among  its  phaenomena  some  which  are  ma- 
liifestly  connected  with  the  forces  that  inanimate  nature  herself 
brings  into  action,  others  which  emanate  from  a  more  elevated 
source,  less  within  the  reach  of  our  boldest  stretch  of  thought. 

It  has  not  been  my  province  to  accompany  you  in  looking 
with  an  inquisitive  eye  into  all  that  part  of  your  studies  under 
which  those  facts  which  appertain  to  the  normal  or  irregular 
exercise  of  the  instincts  of  life  arrange  themselves.  Still  less 
have  we  ever  had  to  bring  under  our  consideration  those  noble 
faculties,  by  means  of  which  the  human  intellect,  mastering  all 
that  surrounds  it,  breaking  down  all  obstacles,  bending  all  the 
powers  of  nature  to.  its  wants,  has  step  by  step  made  conquest 
of  the  earth,  of  the  seas,  of  the  whole  globe ; — a  vast  domain, 
which  our  recollections,  our  presentiments  perhaps,  so  often 
make  us  consider  as  too  narrow  a  prison.  To  others  more 
fortunate  belongs  the  care  of  initiating  you  in  these  important 
studies,  the  privilege  of  unfolding  to  you  these  lofty  themes ; 
our  task,  more  humble,  must  be  limited  to  the  field  of  the  phy- 
sical phaenomena  of  life ;  and  there  are  still  some  which  have 
not  found  a  place  in  our  lectures. 

It  is  specially,  indeed,  the  functions  of  matter  in  the  pro* 
duction  and  growth  of  organissed  beings,  the  part  which  it 
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takes  in  the  accomplishment  of  the  phsenomena  of  their  daily 
existence,  the  alterations  which  it  undergoes  after  their  death, 
that  we  have  had  to  study  together,  and  this  study  alone  has 
quite  sufficed  us  for  this  yeai^s  occupation. 

I. — Plants,  animals,  man,  contain  matter.  Whence  comes 
it?  What  does  it  effect  in  their  tissues  and  in  the  fluids  which 
bathe  them  ?  What  becomes  of  it  when  death  breaks  the  bonds 
by  which  its  different  parts  were  so  closely  united  ? 

These  are  the  questions  which  we  touched  upon  together, 
at  flrst,  with  hesitation,  for  the  problem  might  be  far  above  the 
powers  of  modern  chemistry ;  we  afterwards  considered  them 
with  somewhat  more  confidence,  as  we  felt  from  the  silent  and 
inward  assent  of  our  understandings  that  the  path  was  sure, 
and  that  we  could  descry  the  goal  gradually  standing  out,  clear 
of  all  that  obstructed  our  vision,  if  from  these  labours,  which 
you  have  witnessed,  or  I  should  rather  say,  in  which  you  have 
taken  part ;  if  from  this  scientific  effort  there  have  arisen  some 
general  views,  some  simple  formulee,  it  is  my  duty  to  become 
their  historian ;  but  allow  me  tlie  pleasure  of  adding,  that 
.  they  belong  to  you,  that  they  belong  to  our  school,  the  intel- 
ligence of  which  has  been  exercised  on  this  new  ground.  It 
is  the  ardour  with  which  you  have  followed  me  in  this  career 
that  has  given  me  strength  to  pursue  it;  it  is  your  interest  which 
has  sustained  me;  your  curiosity  which  has  awakened  mine; 
your  confidence  which  has  made  me  see,  anfi  which  proves  to 
me  at  this  moment  that  we  are  still  in  the  path  of  truth. 

These  remarks  will  remind  you  of  the  wonder  with  which 
we  found,  that  of  the  numerous  elements  of  modem  chemistry, 
organic  nature  borrows  but  a  very  small  number;  that  fi-om 
these  vegetable  or  animal  matters,  now  multiplied  to  infinity, 
general  physiology  borrows  not  more  than  from  ten  to  twelve 
species;  and  that  all  the  phasnomena  of  life,  so  complicated  in 
appearance,  belong,  essentially,  to  a  general  formula  so  simple, 
tnat,  so  to  speak,  in  a  few  words  the  whole  is  stated,  the 
whole  summed  up,  the  whole  foreseen. 

Have  we  not  proved,  in  fact,  by  a  multitude  of  results,  that 
animals  constitute,  in  a  chemical  point  of  view,  a  real  apparatus 
for  combustion,  by  means  of  which  burnt  carbon  incessantly 
returns  to  the  atmosphere  under  the  form  of  carbonic  acid ; 
in  which  hydrogen  burnt  without  ceasing,  on  its  part  conti* 
nually  engenders  water;  whence,  in  fine,  free  azote  is  inces- 
santly exhaled  by  respiration,  and  azote  in  the  state  of  oxide 
of  ammonium  by  the  urine? 

Thus  from  the  animal  kingdom,  considered  collectively, 
constantly  escape  carbonic  acid,  water  in  the  state  of  vapour, 
azote,  and  oxide  of  ammonium, — simple  substances,  and  few  in 
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number,  the  formation  of  which  is  strictly  connected  with  the, 
history  of  the  air  itself.  Have  we  not,  on  the  other  hand,  proved 
that  plants,  in  their  normal  life,  decompose  carbonic  acid  for  the 
purpose  of  fixing  its  carbon  and  of  disengaging  its  oxygen;  that 
they  decompose  water  to  combine  with  its  hydrogen,  and  to 
disengage  also  its  oxygen ;  that,  in  fine,  they  sometimes  bor- 
row azote  directly  trom  the  air,  and  sometimes  indirectly 
from  the  oxide  of  ammonium,  or  from  nitric  acid,  thus  working 
in  every  case  in  a  manner  the  inverse  of  that  which  is  peculiar 
to  animals?  If  the  animal  kingdom  constitutes  an  immense 
apparatus  for  combustion,  the  vegetable  kingdom,  in  its  turn, 
constitutes  an  immense  apparatus  for  reouction,  in  which 
reduced  carbonic  acid  yields  its  carbon,  reduced  water  its 
hydrogen,  and  in  which  also  reduced  oxide  of  ammonium 
and  nitric  acid  yield  their  ammonium  or  their  azote. 

If  animals  then  continually  produce  carbonic  acid,  water, 
azote,  oxide  of  ammonium, — plants  incessantly  consume  ox* 
ide  of  ammonium,  azote,  water,  carbonic  acid.  What  the  one 
class  of  beings  gives  to  the  air,  the  others  take  back  from  it ; 
so  that  to  t^e  these  facts  at  the  loftiest  point  of  view  of  ter- 
restrial  physics,  we  must  sav  that,  as  to  their  truly  organic 
elements,  plants  and  animals  spring  from  air^ — ^are  nothing 
but  condensed  air ;  and  that,  in  order  to  form  a  just  and  true 
idea  of  the  constitution  of  the  atmosphere  at  the  epochs  which 
preceded  the  birth  of  the  first  organized  beings  on  the  surface 
of  the  globe,  there  must  be  placed  to  the  account  of  the  air, 
by  calculation,  that  carbonic  acid  and  azote,  whose  elements 
have  been  appropriated  by  plants  and  animals.  Thus  plants 
and  animals  come  from  the  air,  and  thus  to  it  they  return; 
they  are  real  dependences  of  the  atmosphere. 

Plants,  then,  incessantly  take  from  the  air  what  is  given  to 
it  by  animals ;  that  is  to  say,  carbon,  hydrogen  and  azote,  or 
rather,  carbonic  acid,  water  and  ammonia. 

It  now  remains  to  be  stated,  how  in  their  turn,  animals  a&< 
quire  those  elements  which  they  restore  to  the  atmosphere ; 
and  we  cannot  see  without  admiring  the  sublime  simplicity 
of  all  these  lav/s  of  nature,  that  animals  always  borrow  these 
elements  from  plants  themselves. 

We  have,  indeed,  ascertained,  from  the  most  satisfactory 
results,  that  animals  do  not  create  true  organic  matters,  but 
that  they  destroy  them ;  that  plants,  on  the  contrary,  habitu- 
ally create  these  same  matters,  and  that  they  destroy  but  few 
of  them,  and  that  in  order  to  effectuate  particular  and  deter* 
ininate  conditions. 

Thus  it  is  in  the  vegetable  kingdom  that  the  great  labora- 
tory of  prganic  life  resides;  there  it  is  that  the  vegetable  and 
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animal  matters  are  formed,  and  they  are  there  produced  at  the 
cost  of  the  air : 

From  vegetables,  these  matters  pass  ready-formed  into  the 
herbivorous  animals,  which  destroy  a  portion  of  them,  and 
accumulate  the  remainder  in  their  tissues : 

From  herbivorous  animals,  they  pass  ready-formed  into 
the  carnivorous  animals,  who  destroy  or  retain  some  of  them 
according  to  their  wants : 

Lastly,  during  the  life  of  these  animals,  or  after  their  death, 
these  organic  matters,  as  they  are  destroyed,  return  to  the  at- 
mosphere whence  they  proceeded. 

Thus  closes  this  mysterious  circle  of  organic  life  at  the  sur- 
face of  the  globe.  The  air  contains  or  engenders  oxidized  pro- 
ducts, as  carbonic  acid,  water,  nitric  acid,  oxide  of  ammo- 
nium. Plants,  constituting  true  reducing  apparatus,  possess 
themselves  of  their  radicals,  carbon,  hydrogen,  azote,  ammo- 
nium. With  these  radicals  they  form  all  the  organic  or 
organizable  matters  which  they  yield  to  animals.  These^ 
forming,  in  their  turn,  true  apparatus  for  combustion,  repro- 
duce carbonic  acid,  water,  oxide  of  ammonium  and  nitric  acid, 
which  return  to  the  air  to  produce  anew  and  through  endless 
ages  the  same  phaenomena. 

And  if  we  add  to  this  picture,  already,  from  its  simplicity 
and  its  grandeur,  so  striking,  the  indisputable  function  of  the 
solar  light,  which  alone  has  the  power  of  putting  in  motion 
this  immense  apparatus, — this  apparatus  never  yet  imitated, 
constituted  of  the  vegetable  kingdom,  and  in  which  is  accom- 
plished the  reduction  of  tlie  oxidized  products  of  air, — we  shall 
be  struck  with  the  import  of  these  words  of  Lavoisier : — 

<<  Organization,  sensation,  spontaneous  movement,  life,  ex- 
ist only  at  the  surface  of  the  earth,  and  in  places  exposed  to 
the  light.  It  would  seem  that  the  fable  of  the  torch  of  Pro- 
metheus was  the  expression  of  a  philosophic  truth  which  had 
not  escaped  the  ancients.  Without  light,  nature  was  without 
life,  was  dead  and  inanimate :  by  the  gift  of  light,  a  bene- 
ficent God  spread  upon  the  surface  of  the  earth  organization, 
feeling  and  thought." 

These  words  are  as  true  as  they  are  beautiful.  If  feeling 
and  thought,  if  the  noblest  faculties  of  the  soul  and  of  the 
intellect,  have  need,  for  their  manifestation,  of  a  material  co- 
vering, to  plants  is  assigned  the  framing  of  its  web  with  the 
elements  which  they  borrow  from  the  air,  and  under  the  in- 
fluence of  the  light  which  the  sun,  its  inexhaustible  source, 
pours  in  unceasing  floods  upon  the  surface  of  the  globe. 

And  as  if,  in  these  great  phaenomena,  all  must  be  connected 
with  causq$  which  appeav  tlie  most  distant  from  themi  we  must 
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moreover  remark  how  the  oxide  of  ammonium,  the  nitric 
acid,  from  which  plants  borrow  a  part  of  their  azote,  are 
themselves  almost  always  derived  from  the  action  of  the  great 
electric  sparks  which  flash  forth  in  stormy  clouds,  and  which 
(furrowing  the  air  through  a  vast  extent)  produce  there  the 
nitrate  of  ammonia  which  analysis  detects  in  it. 

Thus,  from  the  craters  of  those  volcanos  whose  convulsions 
so  often  agitate  the  crust  of  the  globe,  continually  escapes 
carbonic  acid,  the  principal  nutriment  of  plants ;  from  the  at- 
mosphere flashing  with  lightnings,  and  from  the  midst  of  the 
tempest  itself,  there  descends  upon  the  earth  the  other  and  no 
less  indispensable  nutriment  of  plants,  that  whence  they  de« 
rive  almost  all  their  azote,  the  nitrate  of  ammonia,  contained 
in  storm-showers. 

Might  not  this  be  called,  as  it  were,  an  idea  of  that  chaos 
of  which  the  Bible  speaks,  of  those  times  of  disorder  and  of 
tumult  of  the  elements,  which  preceded  the  appearance  of  or- 
ganized beings  upon  the  earth  ? 

But  scarcely  are  the  carbonic  acid  and  the  nitrate  of 
ammonia  produced,  than  a  form  more  calm,  although  not 
of  inferior  energy,  comes  to  put  them  in  action,— it  is  Light. 
Through  her  influence,  the  carbonic  acid  yields  its  carbon, 
the  water  its  hydrogen,  and  the  nitrate  of  ammonia  its  azote. 
These  elements  unite,  organized  matters  form,  and  the  earth 
puts  on  its  rich  carpet  of  verdure. 

It  is  then  by  continually  absorbing  a  real  force,  the  light 
and  the  heat  emanating  from  the  sun,  that  plants  perform 
their  functions,  and  that  they  produce  this  immense  quantity 
of  organized  or  organic  matter,  pasture  destined  for  the  con- 
sumption of  the  animal  kingdom. 

And  if  we  add,  that  animals  on  their  part  produce  heat 
and  force  in  consuming  what  the  vegetable  kingdom^  has  pro- 
duced and  has  slowly  accumulated,  does  it  not  seem  that  the 
ultimate  end  of  all  these  phaenomena,  their  most  general  for- 
mula, reveals  itself  to  our  sight? 

The  atmosphere  appears  to  us  as  containing  the  primary 
substances  of  all  organization,  volcanos  and  storms  as  the 
laboratories  in  which  were  first  produced  the  carbonic  acid 
and  the  nitrate  of  ammonia  which  life  required  for  its  mani- 
festation or  its  multiplication. 

In  aid  of  these  comes  light,  and  developes  the  vegetable 
kingdom, — immense  producer  of  organic  matter :  plants  ab- 
sorb the  chemical  force  which  they  derive  from  the  sun  to 
decompose  carbonic  acid,  water  and  nitrate  of  ammonia; 

[•  *•  Le  rkgne  aninuU**  in  the  originaJ;  but  this  is  obviously  an  error,— 
Edit.] 
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as  if  plants  realized  a  reducing  apparatus  superior  to  all  those 
with  which  we  are  acquainted ;  for  none  of  these  would  decom- 
pose carbonic  acid  in  the  cold. 

Next  come  animals,  consumers  of  matter  and  producers  of 
heat  and  force,  true  apparatus  for  combustion.  It  is  in  Uiem 
undoubtedly  that  organized  matter  puts  on  its  highest  ex- 
pression. But  it  is  not  without  suffering  from  it  that  it  be- 
comes the  instrument  of  sensation  and  of  tliou^ht;  under 
thb  influence  organized  matter  undergoes  combustion ;  and  in 
reproducing  the  heat  and  the  electricity,  which  produce  oar 
strength  and  which  are  the  measure  of  its  power,  these  or- 
ganized or  organic  matters  become  annihilated  in  order  to 
return  to  the  atmosphere  whence  they  came.  Thus  the  at- 
mosphere constitutes  the  mysterious  link  which  binds  the  ve- 
getable  to  the  animal  kingdom. 

Veffetables  then  absorb  heat  and  accumulate  matter  which 
they  have  the  power  to  organize. 

Animals,  through  whom  this  organized  matter  only  passes, 
bum  or  consume  it  in  order  to  produce  in  its  aid  the  heat 
and  the  different  powers  which  their  movements  turn  to  ac- 
count. 

Suffer  me,  therefore,  if,  borrowing  from  modem  sciences 
an  image  of  sufficient  magnitude  to  bear  comparison  with 
these  great  phaenomena,  we  should  liken  the  existing  vegeta- 
tion,— truly  a  storehouse  in  which  animal  life  is  fed, — to  that 
other  storehouse  of  carbon  constituted  of  the  ancient  deposits 
of  pit-coal,  and  which,  burnt  by  the  genius  of  Papin  and  of 
Watt,  also  produces  carbonic  acid,  water,  heat,  motion,— one 
might  almost  say  life  and  intelligence. 

In  our  view,  therefore,  the  vegetable  kingdom  will  consti- 
tute an  immense  depdt  of  combustible  matter  destined  to  be 
consumed  by  the  animal  kingdom,  and  in  which  the  latter 
finds  the  source  of  the  heat  and  of  the  locomotive  powers  of 
which  it  avails  itself. 

Thus  we  observe  a  common  tie  between  the  two  kingdoms, 
the  atmosphere;  four  elements  in  plants  and  in  animals,  car- 
bon, hydrogen,  azote  and  oxygen ;  a  very  small  number  of 
forms  under  which  vegetables  accumulate  them,  and  under 
which  animals  consume  them ;  some  very  simple  laws,  which 
their  connexion  simplifies  still  more;  such  would  be  the  pic* 
ture  of  the  most  elevated  state  of  organic  chemistry  which 
would  result  from  our  conferences  of  the  present  year. 

You,  like  myself,  have  felt,  that  before  separating  we  have 
need  of  collecting  our  thoughts,  of  fixing  with  precision  all 
the  facts,  of  bringing  together  and  summing  up  the  opinions 
which  explain  and  develop  these  great  principles;  lastly,  that 
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it  wns  useful,  as  regarded  your  future  studies,  to  ffive  you  in 
writing  and  in  a  clearer  form  the  expression  of  these  views, 
which  were  partly  brought  into  existence  under  the  stimulus 
of  your  presence,  and  consequently  reduced  into  form  with 
the  hesitation  which  so  often  accompanies  the  first  enuncia-- 
tion  of  our  thoughts. 

IL— Since  [the  causes  of]  all  the  phsenomeQa  of  life  are  ex- 
erted upon  matters  which  have  for  their  base  carbon,  hydrogen, 
azote,  oxygen;  since  these  matters  pass  over  from  the  animal 
kin^om  to  the  vegetable  kingdom  by  intermediary  forms,  car- 
bonic acid,  water,  and  the  oxide  of  ammonium ;  lastlv,  since 
air  is  the  source  whence  the  vegetable  kingdom  is  /ed,  and 
the  reservoir  in  which  the  animal  kingdom  is  annihilated;  we 
are  led  to  take  a  rapid  survey  of  these  different  bodies  with  a 
special  view  to  general  physiology. 

Composition  of  Water. — Water  is  incessantly  formed  and 
decomposed  in  animals  and  plants;  to  appreciate  what  results 
from  tnis,  let  us  first  see  how  it  is  composed.    Some  experi- 
ments founded  on  the  direct  combustion  of  hydrogen,  and  in 
which  I  have  produced  more  than  two  pounds  of  artificial 
water, — experiments  which  are  in  truth  very  difficult  and  very 
delicate,  but  in  which  any  errors  would  be  unimportant  with 
regard  to  the  circumstances  which  we  are  engaged  upon,— - 
make  it  very  probable  that  water  is  formed,  in  weight, 
Of  1  part  hydrogen 
And  8  parts  oxygen, 
.and  that  these  whole  and  simple  numbers  .express  the  true  re» 
lation  according  to  which  these  two  elements  combine  to  form 
water. 

As  substances  always  present  themselves  to  the  eyes  of  the 
chemist  bv  molecules,  as  he  always  endeavours  to  connect  in 
his  thoughts,  with  the  name  of  each  substance,  the  weight  of 
the  molecule^  the  simplicity  of  this  relation  is  not  unimport- 
ant. 

In  fact,  each  molecule  of  water  being  formed  of  one  mole- 
cule of  hydrogen  and  one  molecule  of  oxygen,  we  arrive  at 
these  simple  numbers,  which  cannot  be  forgotten. 

A  molecule  of  hydrogen  weighs  1 ;  a  molecule  of  oxygen 
weighs  8 ;  and  a  molecme  of  water  weighs  9. 

Composition  of  Carbonic  Acid^ — Carbonic  acid  keeps  inces- 
santly forming  in  animals,  and  is  continually  undergoing  de- 
composition in  plants ;  its  composition,  therefore,  deserves  a 
q>ecial  notice  in  its  turn. 

Now  carbonic  acid,  like  water,  is  represented  by  the  most 
simple  numbers. 

Experimenu  founded  on  the  direct  combustion  of  the  dia- 
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mond,  and  on  its  conversion  into  carbonic  acid,  have  proved 
to  me  that  this  acid  is  formed  of  the  combination  of  6  parts 
by  weight  of  carbon  and  16  parts  by  weight  of  oxygen. 

We  are  therefore  led  to  represent  carbonic  acid  as  being 
formed  of  one  molecule  of  carbon  weighing  6,  and  two  mole- 
cules of  oxygen  weighing  16,  which  constitute  one  molecule 
of  carbonic  acid  weighing  22. 

Composition  of  Ammonia.'^hasilyj  ammonia,  in  its  turn, 
seems  formed  in  whole  numbers  of  S  parts  of  hydrogen  and  14 
of  azote,  which  may  be  represented  by  3  molecules  of  hydro- 
gen weighing  S,  and  by  1  molecule  or  azote  weighing  14. 

Thus,  as  if  the  better  to  show  all  her  power,  nature  ope- 
rates, in  the  business  of  organization,  upon  a  very  small  num- 
ber only  of  elements,  combined  in  the  most  simple  propor- 
tions. 

The  atomic  system  of  the  physiologist  revolves  on  these 
four  numbers:  1,  6,  7)  8. 

1,  is  the  molecule  of  hydrogen; 

6,  that  of  carbon ; 

7,  or  twice  7,  i.  e.  14,  that  of  azote; 

8,  that  of  oxvgen. 

These  numbers  should  always  be  associated  with  these 
names,  because  for  the  chemist  there  can  exist  no  abstract 
hydrogen,  nor  carbon,  nor  azote,  nor  oxygen.  They  are 
beings  in  their  reality  which  he  has  always  in  view ;  it  is  of 
their  molecules  that  be  always  speaks;  and  to  him  the  word 
hydrogen  depicts  a  molecule  which  weighs  1 ;  the  word  car- 
bon, a  molecule  which  weighs  6 ;  and  the  word  oxygen,  a 
molecule  which  weighs  8. 

Composition  of  the  Air. — Does  atmospheric  air,  which  per- 
forms so  great  a  part  in  organic  nature,  also  possess  as  simple 
a  composition  as  water,  carbonic  acid  and  ammonia  ?  This 
is  the  question  which  M.  Boussingault  and  I  have  recently 
been  studying.  Now,  we  have  found  that,  as  the  greater  num- 
ber of  chemists  have  thought,  and  contrary  to  the  opinion  of 
Dr.  Prout,  to  whom  chemistry  owes  so  many  ingenious  views, 
air  is  a  mixture, — a  true  mixture. 

In  weight,  air  contains  2,300  of  oxygen  for  7,700  of  azote; 
in  volume,  208  of  the  first  for  792  of  the  second. 

The  air,  besides,  contains  from  4  to  6~10,000ths  of  carbonic 
acid  in  volume,  whether  it  be  taken  at  Paris  or  in  the  country. 
Ordinarily,  it  contains  4-10,000ths. 

Moreover,  it  contains  a  nearly  equal  quantity  of  the  carbu- 
retted  hydrogen  gas  which  is  called  marsh  gas,  and  which 
stf^nant  waters  disengage  perpetually. 

We  do  not  speak  of  aqueous  vapour,  which  is  so  variable ; 
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of  oxide  of  ammonium  and  of  nitric  acid,  which  can  only  have 
a  momentary  existence  in  the  air  because  of  their  solubility  in 
water. 

The  air,  then,  is  constituted  of  a  mixture  of  oxygen,  azote, 
carbonic  acid,  and  marsh  gas. 

The  carbonic  acid  in  it  varies,  and  indeed  greatly,  since 
the  differences  in  it  extend  almost  from  the  simple  to  the 
double,  from  4  to  6-10,000ths.  May^not  this  be  a  proof  that 
plants  take  from  the  air  this  carbonic  acid,  and  that  animals 
take  back  a  part  from  it?  in  a  word,  may  this  not  be  a  proof 
of  that  equilibrium  of  the  elements  of  the  air  attributed  to  the 
inverse  actions  which  animals  and  plants  produce  upon  it  ? 

It  has,  indeed,  been  long  since  remarked ;  animals  borrow 
from  the  air  its  oxygen,  and  give  to  it  carbonic  acid ;  plants, 
in  their  turn,  decompose  this  carbonic  acid  in  order  to  fix  its 
carbon  and  restore  its  oxygen  to  the  air. 

As  animals  breathe  continually;  as  plants  breathe  under  the 
solar  influence  only ;  as  in  winter  the  earth  is  stript,  whilst  in 
summer  it  is  covered  with  verdure ;  it  has  been  supposed  that 
the  air  must  transfer  all  these  influences  into  its  constitution. 

Carbonic  acid  should  augment  by  night  and  diminish  by 
day.   Oxygen,  in  its  turn,  should  follow  an  inverse  progress. 

Carbonic  acid  should  also  follow  the  course  of  the  seasons, 
and  oxvgen  obey  the  same  law. 

All  this  is  true,  without  doubt,  and  quite  perceptible  as  to  a 
portion  of  air  limited  and  confined  under  ajar;  but  in  the  mass 
of  the  atmosphere,  all  these  local  variations  blend  and  disap- 
pear. Accumulated  centuries  are  requisite  in  order  e£fectually 
to  put  in  action  this  balance  of  the  two  kingdoms,  with  regard 
to  the  composition  of  air;  we  are  then  very  far  from  those 
daily  or  yearly  variations,  which  we  had  been  apt  to  look 
upon  as  being  as  easy  to  observe  as  to  foresee. 

With  regard  to  oxygen,  calculation  shows  that,  exaggera- 
ting all  the  data,  not  less  than  800,000  years  would  be  required 
for  the  animals  living  on  the  surface  of  the  earth  to  consume 
it  entirely. 

Consequently,  if  we  suppose  that  an  analysis  of  the  air  had 
been  made  in  1800,  and  that  during  the  entire  century  plants 
had  ceased  to  perform  their  functions  on  the  surface  of  the 
whole  globe,  the  animals  at  the  same  time  all  continuing  to 
live,  the  analysts  in  1900  would  find  the  oxygen  of  the  air 
diminished  by  l-8000th  of  its  weight,  a  Quantity  which  is  be- 
yond the  reach  of  our  most  delicate  metnods  of  observation, 
and  which,  assuredly,  would  have  no  influence  whatever  on 
the  life  of  animals  or  plants. 

As  to  thiS)  then,  we  caiuiot  be  deceived ;  the  oxygen  of  the 
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air  is  consumed  by  animals,  who  convert  it  into  water  and 
carbonic  acid ;  it  is  restored  by  plants,  which  decompose  these 
two  bodies. 

But  nature  has  arranaed  everything  so  that  the  store  of  air 
should  be  such  with  relation  to  the  consumption  of  animals, 
that  the  want  of  the  intervention  of  plants  for  the  purification 
of  the  air  should  not  be  felt  until  centuries  have  elapsed. 

The  air  which  surrounds  us  weighs  as  much  as  58 1,000  cubic 
kilometres  of  copper;  its  oxygen  weighs  as  much  as  184,000 
of  these  same  cubes.  Supposing  the  earth  peopled  with  a 
thousand  millions  of  men,  and  estimating  the  animal  population 
at  a  quantity  equivalent  to  three  thousand  millions  of  men,  we 
should  find  that  these  quantities  united  consume  in  a  century 
only  a  weight  of  oxygen  equal  to  15  or  16  cubic  kUometres  of 
copper,  whilst  the  air  contains  184,000  of  it. 

It  would  require  10,000  years  for  all  these  men  to  produce 
a  perceptible  efiect  upon  the  eudiometer  of  Volta,  even  sup- 
posing vegetable  life  annihilated  during  all  this  time. 

In  regard  to  the  permanence  of  the  composition  of  air,  we 
may  say  with  ail  confidence,  that  the  proportion  of  oxygen 
which  it  contains  is  secured  for  many  centuries,  even  reckon- 
ing for  nothing  the  influence  of  vegetables,  and  that,  neverthe- 
less, these  restore  oxygen  to  it  incessantly  in  quantity  at  least 
equal  to  that  it  loses,  and  perhaps  more;  for  vegetables  live 
just  as  much  at  the  expense  of  the  carbonic  acid  furnished 
by  volcanos,  as  at  the  expense  of  the  carbonic  acid  furnished 
by  animals  themselves. 

It  is  not  then  for  the  purpose  of  purifying  the  air  that  these 
breathe,  that  vegetables  are  especially  necessary  to  animals ; 
it  is,  above  all,  to  furnish  them,  incessantly,  with  organic  mat- 
ter quite  ready  for  assimilation;  organic  matter,  which  they 
may  bum  to  their  advantage. 

There  is,  therefore,  a  service  necessary,  without  doubt,  but 
so  remote^  that  it  can  scarcely  be  recognized,  which  v^e- 
tables  render  us,  in  purifying  the  air  which  we  consume.  There 
is  another  service  so  immediate,  that  if,  during  a  single  year, 
it  were  to  fail  us,  the  earth  would  be  depopulated ;  it  is  that 
which  these  same  vegetables  render  us  by  preparing  our  nu- 
triment, and  that  of  all  the  animal  kingdom.  In  this,  espe- 
cially, is  found  the  chain  that  binds  together  the  two  king- 
doms. Annihilate  plants,  and  the  animals  all  perish  of  a 
dreadful  famine ;  organic  nature  itself  entirely  disappears  with 
them  in  a  few  seasons. 

We  have,  however,  said,  that  the  carbonic  acid  of  the  air 
variesifrom  4  to  6-1 0,000th.  These  variations  are  very  fi*equent 
and  very  easy  to  observe.    Is  not  this  a  phasnomenon  re- 
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proaching  the  influence  of  animals  who  introduce  this  acid 
into  the  air,  and  that  of  v^ietables,  which  deprive  it  of  it? 

No ;  thb  phenomenon,  you  are  aware,  is  a  simple  meteor- 
ological phenomenon.  It  is  with  carbonic  acid  as  with  aque- 
ous vapour,  which  forms  on  the  surface  of  the  sea,  to  become 
condensed  elsewhere,  fall  again  in  rain,  and  be  reproduced 
imder  the  form  of  vapour. 

This  water,  which  is  condensed  and  falls,  dissolves,  and 
carries  with  it  carbonic  acid;  this  water,  which  evaporates, 
yields  up  this  same  gas  to  the  air. 

A  great  meteorological  interest  would  attach  to  the  observa- 
tion of  the  variations  of  the  hygrometer,  and  those  of  the  sea* 
sons,  or  of  the  state  of  the  sky  with  the  variations  of  the  car- 
bonic acid  of  the  air ;  but  hitherto  all  tends  to  show  that  these 
rapid  variations  constitute  a  simple  meteorological  event,  and 
not,  as  had  been  thought,  a  physiological  event,  which,  singly 
considered,  would  infallibly  produce  variations  infinitelyslower 
than  those  which  are,  in  tact,  observed  as  much  in  towns  as 
in  the  country  itself. 

Thus  the  air  is  an  immense  reservoir,  whence  plants  may  for 
a  long  time  derive  all  the  carbonic  acid  necessary  for  their 
wants ;  where  animals,  during  a  much  longer  time  still,  will 
find  all  the  oxygen  that  thev  can  consume. 

It  is  also  from  the  atmosphere  that  plants  derive  their  azote, 
whether  directly  or  indirectly :  it  is  there  that  animals  finally 
restore  it. 

The  atmosphere  is  therefore  a  mixture  which  unceasingly 
receives  and  supplies  oxygen,  azote  or  carbonic  acid,  oy 
means  of  a  thousand  exchanffes  of  which  it  is  now  easy  to 
form  a  just  idea,  and  the  detaus  of  which  a  rapid  analysis  will 
now  enable  us  to  appreciate. 

[To  be  concluded  in  our  next  Number.] 


XLIX.    On  the  Periodical  Shooting  Stars,  and  on  Shooting 
Stars  in  general.    By  Miss  Zornlin^. 

/^F  the  meteorol(^ical  nature  of  the  periodical  shootina 
^^  stars  of  August  and  November,  little  doubt,  I  should 
think,  can  remain  in  the  mind  of  any  one  who  has  observed 
and  considered  the  general  character  of  the  attendant  phse- 
nomena.  It  may,  however,  be  desirable  to  adduce  a  few 
instances  in  support  of  this  assumpticm. 

In  our  own  island,  the  November  periodical  shooting  stars 

•  Communicated  by  the  Author. 
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have  not  been  witnessed  in  the  same  splendour  as  in  other 
lands  possessing  a  clearer  atmosphere,  and  perhaps  a  more 
excessive  climate.  Phaenomena  of  no  small  degree  of  interest, 
have,  however,  not  unfrequently  been  exhibited  in  this  country; 
these,  in  some  cases,  not  being  the  less  important,  from  the 
evidence  they  afford  that  the  periodical  shooting  stars  cannot 
be  regarded  as  an  isolated  meteorological  phenomenon. 

The  most  remarkable  display  of  the  November  shooting 
stars  of  which  I  have  met  with  any  record,  as  occurring  in 
Britain,  took  place  in  1832;  and  as  I  believe  that  the  pfas- 
nomena  here  referred  to  have  not  hitherto  been  brought  for- 
ward as  connected  with  the  periodical  shooting  stars,  it  may 
not  be  uninteresting  to  insert  some  notice  of  them  in  this 
place.  Nor  are  these  accounts  less  worthy  of  notice,  from 
the  circumstance  of  their  having  been  recorded  before  public 
attention  had  been  directed  to  tne  probable  periodicity  of  the 
phenomenon,  by  the  grand  display  of  1833.  A  paper  was 
read  before  the  Royal  l^ciety  on  the  13th  of  December,  1832, 
entitled  ^  An  Account  of  an  extraordinary  Meteor  seen  at 
Malvern,  November  12, 1832,*  by  W.  Addison,  Esq.,  F.L.S., 
<<  in  which  the  author  states  that  he  beheld,  from  the  Malvern 
Hills,  a  constant  succession  of  meteors,  of  various  degrees  of 
magnitude  and  brilliancy.  The  smaller  ones  were  like  those 
commonly  called  shooting  stars;  others  were  much  more 
brilliant;  and  notwithstanding  the  bright  moonshine,  threw 
a  strong  glare  upon  every  object :  they  also  left  behind  them 
a  long  train  of  very  vivid  white  light.  The  author  witnessed 
this  scene  for  upwards  of  an  hour,  and  it  was  still  going  on 
when  he  left  it.  At  one  time  he  counted  forty-eight  of  mese 
meteors  during  the  interval  of  five  minutes*.''  In  the  Lon- 
don Literary  Gazette  of  the  same  year,  we  find  the  following 
account:— **  It  appears  from  the  provincial  newspapers,  in 
various  parts  of  the  country,  that  very  remarkable  phae- 
nomena were  seen,  both  north  and  souths  on  the  morning 
of  Tuesday  week  [November  13th].  Fiery  meteors  and  fall- 
ing stars  (as  they  are  called)  issued  from  the  west,  and  il- 
luminated the  heavens  in  their  course,  leaving  behind  them 
trains  of  brilliant  white.  The  appearances  seem  to  have  been 
very  grand,  and  to  have  excited  much  admiration  in  the  be- 
holders." From  these  accounts,  it  must  be  inferred  that  the 
display  of  the  periodical  shooting  stars  on  this  occasion  was 
very  splendid ;  and  also  of  considerable  duration,  commencing, 
as  it  evidently  did,  on  the  evening  of  the  12tb,  and  extending 
to  the  morning  of  the  13th  of  November.     The  phaenomenon 

*  Abstracts  of  the  Philosophical  Transactions,  vol.  iii.  p.  159.    See  also 
Phil.  Mag.  for  July  1833.   [Third  Series,  vol.  iti.  p.  37.J 
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was  also  witnessed,  at  the  same  time,  in  considerable  splen« 
dour,  at  Geneva,  and  in  other  parts  of  Europe;  at  Oren- 
bure,  and  in  Arabia. 

The  November  periodical  shooting  stars  have  likewise,  as 
is  well  known,  been  observed  in  later  years  in  this  country, 
though  in  smaller  numbers;  but  what  is  more  to  my  present 
purpose,  on  some  occasions,  whilst  a  brilliant  display  of  these 
meteors  has  been  witnessed  in  other  parts  of  the  globe,  me- 
teoric phsenomena  of  different  character  have  been  observed 
in  this  island.  Thus,  on  the  evening  of  November  12,  1837, 
a  fine  coloured  aurora,  accompanied  by  some  shooting  stars, 
was  observed  at  this  place,  as  well  as  in  many  other  parts  of 
Britain  *;  and  on  the  morning  of  the  13th  of  November,  1838, 
I  witnessed  meteoric  phaenomena  of  the  grandest  description, 
consisting  of  three  successive  and  distinct  splendid  auroras, 
exhibiting  well-defined  arches,  as  also  streamers  and  patches 
of  the  most  vivid  red  and  green  hues.  This  magnificent  dis- 
play was  accompanied  bv  a  small  number  of  shooting  starsf* 
Auroras,  and  other  similar  meteoric  phaenomena,  are  also  on 
record  as  having  occurred  in  various  years  on  the  12th  and 
13th  of  November  in  other  parts  ofthe  globe.  Thus,  on  the 
ISth  of  November,  1832,  when,  as  already  mentioned,  shooting 
stars  were  observed  in  great  splendour  in  this  country,  as  also 
at  Geneva,  in  Arabia,  and  at  Orenburg,  remarkable  meteoric 
phaenomena,  consisting  of  brilliant  luminous  columns  and 
bands,  were  witnessed  both  to  the  north  and  south  of  the  latter 
place;  and  on  the  13th  of  November,  1836,  an  aurora  was  ob- 
served at  New  York,  and  other  places  in  the  United  States.  Nor 
does  the  occurrence  of  these  periodical  meteoric  pheenomena 
appear  to  be  confined  to  very  recent  times ;  for  we  find  it  re- 
corded, that  on  November  13,  1755,  *<The  sky  was  red,  and 
red  rain  fell  in  different  countries."  And  again,  on  the  l^th 
of  November,  1765,  "  Red  rain  fell  in  Picardy  J."  Nay,  the 
collection  of  facts  from  which  the  above  accounts  are  taken, 
enables  us  to  trace  the  occurrence  of  apparently  similar  phae- 
nomena to  a  much  earlier  era  ;  it  being  recorded  that  on  the 
5th  or  6th  of  November,  4-72,  there  was  ^*  a  great  fall  of  black 
dust,  probably  at  Constantinople,  during  which  the  heavens 

*  See  an  account  by  Professor  Forbes  in  Phil.  Mag.,  Supplementary 
Number  for  January  1838.    [Third  Series,  vol.  xii.  p.  85.] 

t  For  a  notice  of  the  phsnomena  exhibited  on  this  occasion,  I  would 
refer  to  a  paper  in  the  Phil.  Mag.  for  Jan.  1839,  [S.3.  toI.  xiv.  p.  39.]  by 
Mr.  W.  R.  Birt,  with  whose  observations  my  own,  as  far  as  they  were 
carried,  closely  correspond;  though  no  description  could  convey  an  ade- 
quate idea  of  the  splendour  of  the  phaenomena. 

I  Account  of  Meteoric  Stones,  &c.  which  have  fallen  from  the  Heavens, 
frpm  tb«  earlieat  p^od  down  to  1819.  Edin,  Phil.  Journal,  Oct,  1819, 
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seemed  to  burn."  The  latter  date,  allowing  for  the  diflference 
of  style  in  that  age,  would  form  a  close  approximation  to  the 
present  12th  or  13th  day  of  the  month. 

Similar  in  character  to  the  November  shooting  stars,  are 
those  of  August;  and,  like  the  former,  they  also  are  accom- 
panied by  other  meteoric  phasnoroena.  Thus,  on  both  occa* 
sions,  lightning  has  frequently  been  noticed ;  and  luminous  ap* 
pearances  in  the  clouds  were  observed  by  myself  on  the  night 
of  August  11,  1839*,  much  resembling  those  noticed  byM* 
Wartroann  at  Geneva,  on  the  night  of  November  12, 18S6f. 
And  in  the  Sixth  Report  of  the  British  Association  for  tb« 
Advancement  of  Science,  we  meet  with  an  account,  commu* 
nicated  by  Dr,  Traill,  of  a  splendid  aurora  borealis,  which 
was  observed  on  August  11,  18S6.  A  very  renuirkable  in«* 
stance  of  the  August  periodical  meteors,  which  is  moitioned 
in  Colonel  Reid's  work  <  On  the  Law  of  Storms,'  may  be 
worth  citing  in  this  place  |.  The  phfenomenon  occurred  da- 
ring the  hurricane  at  Barbadoes  in  1831,  and  the  relation  ia 
given  in  an  extract  from  an  account  published  at  Bridgetown 
in  that  island,  immediately  after  it  occurred.  The  hurricane 
had  been  raging  in  all  its  fury,  accompanied  by  incessant 
lightning.  At  about  three  o'clock  a.ro.  on  the  1 1  th  of  Augusts 
a  temporary  cessation  in  the  violence  of  the  wind  occurred. 
*^  The  lightning  having  also  ceased,  for  a  few  moments  only  at 
a  time,  me  blackness  hi  which  the  town  was  enveloped  was 
inexpressibly  awful.  Fiery  meteors  were  presentlv  seen  fall- 
ing from  the  heavens;  one  in  particular,  of  a  globular  ibrro, 
and  a  deep  red  hue,  was  observed  by  the  writer  to  descend 
perpendicularly  from  a  vast  height.  It  evidently  fell  by  its 
specific  gravity,  and  was  not  shot  or  propelled  by  any  ex- 
traneous  force.  On  approaching  the  earth  with  accelerated 
motion,  it  assumed  a  clazzling  whiteness,  and  an  elongated 
form,  and  dashing  to  the  ground  in  Beckwith  Square,  op- 
posite the  stores  of  Messrs.  l^  D.Orierson  and  Co.,  it  splashed 
around  in  the  same  manner  as  melted  metal  would  have  done, 
and  was  instantlv  extinct:  its  brilliancy,  and  the  spattering  of 
its  particles  on  the  earth,  gave  it  the  resemblance  of  a  body  of 
quicksilver  of  equal  bulk/'  Shortly  afterwards,  the  lightning 
recurred  in  terrific  grandeur,  and  the  hurricane  in  increased 
violence  §. 

•  Phil.  Mag.,  December  1839.  [8. 3.  vol.  xv.  p.  441.] 

t  Phil.  Mag.»  September  13.37.  [S.  3.  vol.  xi.  p.  $61.] 

%  Some  of  the  severest  stonni  on  record  have  occurred  in  the  months 
of  August  and  November.  It  would  form  an  interesting  subject  of  inquiry, 
whether  such  storms  have  any  connexion  with  the  appearance  or  the  aon- 
appearance  of  the  periodical  meteoric  phaenoroena  at  thote  times. 

§  Ueut.-Col.  Reid  on  the  Law  of  Storroi,  ht  edit^  p.  ^« 
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It  would  be  easy  to  multiply  instances  of  the  periodical  re- 
turn  both  of  tbe  November  and  August  shooting  stars,  but 
the  periodicity  of  these  meteors  I  consider  as  granted ;  and, 
with  the  exception  of  two  remarkable  instances,  neither  of 
which  I  believe  has  appeared  in  any  published  catalogue, 
and  which  I  have  therefore  been  induced  to  insert,  my  object 
has  been  solely  to  bring  forward  facts  in  support  of  the  opi- 
nion that  the  display  of  the  periodical  shooting  stars  cannot 
be  r^^arded  as  an  isolated  meteorological  phenomenon. 

The  nature  and  origin  of  the  periodical,  and  indeed  of  all 
other  shooting  stars,  appears  still  to  be  involved  in  much  ob- 
scurity. From  the  above,  and  similar  facts,  it  may,  however, 
be  inferred,  that  they  are  connected  with  other  meteorologi- 
cal phssnomena — ^phsenomena  which  apparently  originate  in 
electricity,  and  wnich  may  be  considered  as  atmospheric. 
We  shall  therefore  be  led  to  seek  for  their  origin  m  our 
own  atmosphere,  and  shall  not  surely  be  wandering  from  the 
mark,  if  to  electricity  we  refer  the  production  of  these,  and 
perhaps  of  all  meteors  of  similar  character. 

The  visible  effects  of  electricity  (whether  voltaic  or  or* 
dtnary)  are,  according  to  Mr.  Faraday,  *^  the  evolution  of 
heat,  the  production  of  magnetism,  chemical  decomposition, 
physiological  changes,  and  lastly,  the  evolution  of  light,  in 
the  form  of  a  spark."  Among  the  visible  effects  of  electri* 
city  in  motion,  are  also  included  the  luminous  appearances 
presented  by  the  aurora  borealis.  And  may  not  shooting 
stars  originate  in  electric  currents  more  energetically  deve- 
loped? 

According  to  the  law  discovered  by  Mr.  Faraday,  ^^  the 
decomposing  action  of  any  current  of  electricity  is  constant 
for  a  constant  quantity  of  electricity;"  and  as  the  same  phi- 
losopher has  proved  by  experiment,  ^^  a  given  quantity  of 
electricity,  whether  passed  in  one  or  in  many  portions,  in- 
variably decomposes  the  same  quantity  of  water."  That  a 
similar  constancy  will  exist  in  the  decomposing  action  of 
currents  of  electricity  which  may  be  evolved  in  the  atmo- 
sphere, cannot  be  questioned ;  and  that  effects  analogous  to 
those  elicited  b^  the  experiments  made  by  Mr.  Faraday  on 
the  decomposition  of  water  should  be  produced  in  the  at- 
mosphere oy  such  electric  currents,  is  more  than  probable. 
If,  tnen,  we  may  suppose  the  decomposition  of  water  into  its 
constituent  elements  to  be  in  progress  in  the  atmosphere,  we 
must  also  look  for  some  reaction,  some  antagonist  power  to 
counterbalance  such  a  destructive  process,  some  agent  by 
which  the  reproduction  of  water  may  be  effected.  And  may 
not  electricity,  under  some  circumstances,  be  evolved  to  so 
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great  a  degree  in  the  atmosphere*,  as  to  cause  the  compression 
and  combination  of  the  elements  of  oxygen  and  hydrogen  ? 
a  combination  which  would  he  accompanied  by  ignition  and 
explosion,  and  by  the  formation  of  water.  May  not  such 
ignition  and  explosion  produce  the  luminous  appearances 
called  shooting  stars  ? 

Processes  of  this  description  might  be  in  process  at  all  ele- 
vations in  the  atmosphere  to  which  oxygen  and  nydrogen  (and 
perhaps,  in  some  cases,  nitrogen  also)  can  extend  or  be  forced 
in  contact;  and  consequently,  wherever  aqueous  vapour  ex- 
ists to  be  decomposed,  that  is,  probably,  to  the  utmost  limits 
of  our  atmosphere ;  and  perhaps  these  gases  may  even  occa* 
sionally  be  driven  by  electric  currents  beyond  its  ordinary 
limits.  If  such  an  explosion  should  take  place  beyond  these 
limits,  or  even  in  very  elevated  strata  of  the  atmosphere,  it 
would  necessarily  be  noiseless ;  but  if  within  a  short  distance 
of  the  earth's  surface,  a  detonation  might  be  heard.  The  lat* 
ter  phaenomena  might  also,  in  some  instances,  appear  of  lar^e 
dimensions,  and  occasionally  (as  in  the  case  of  the  meteor  al- 
ready alluded  to  at  Barbadoes)  approach  the  ground;  or 
even  (as  in  the  instance  of  the  large  and  brilliant  meteor  which 
fell  on  the  ISth  of  November,  1835,  and  set  fire  to  a  barn  near 
Belley,  in  theD^partementde  I'Ainf,)  might  sometimes  cause 
the  ignition  of  combustible  substances.  The  apparent  balls 
of  fire,  occasionally  witnessed  during  thunder-storms,  may, 
perhaps,  be  of  similar  or  nearly  similar  origin.  And  in  these 
meteors  we  might  also  find  an  explanation  of  the  remarkable 
phaenomenon  of  thunder  in  a  clear  and  serene  sky,  alluded  to 
by  M.  Arago  in  the  Annuaire  for  1838,  and  observed  by  Mr. 
Addison  at  Great  Malvern  on  the  ^th  of  August,  1885,  when 
^<  a  remarkable  noise  was  heard  at  4  p.m.,  like  a  loud  clap  of 
thunder,  the  air  at  the  time  being  quite  free  from  cloud,  and 
the  sun  hot  and  brilliant  j:."  Nor  is  it  impossible,  that  to  a 
somewhat  similar  cause  may  be  attributed  the  phenomena  of 
water-spouts,  and  perhaps  also  of  whirl  winds  §;  for  Captain 
Beechey,  speaking  of  the  former,  relates  that  on  one  occasion 

*  The  remarkable  fact,  very  recently  observed,  of  the  production  of 
electricity  by  the  jets  of  steam  issuing  from  boilers,  and  ttie  instance  it 
gives  of  tne  evolution  of  electricity  upon  an  enormous  scale,  during  the 
conversion  of  water  into  vapour,  (see  Phil.  Mag.,  November  1840,  S.3.  voL 
xvii.  p.  370.)  tends  to  confirm  and  support  the  views  here  advanced. 

t  Annuaire  du  Bureau  des  Longitudes^  1836. 

X  Report  to  the  British  Association  for  the  Advancement  of  Science 
ia39. 

§  It  is^  at  least,  a  singular  coincidence,  that  the  remarkable  phaenomenon 
of  moving  pillars  of  sand,  as  described  by  Bruce,  in  Nubia,  occurred  on  the 
)4th  and  l^th  of  November, 
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^^a  ball  of  fire  was  observed  to  be  precipitated  into  the  sea;" 
and  Colonel  Reid  mentions  that  <^many  of  the  descriptions  of 
these  whirlwinds  speak  of  visible  flame  attending  them,  and 
occasionally  of  a  remarkable  noise."  If  we  suppose  the  por^ 
tion  of  ignited  matter  to  consist  solely  of  oxygen  and  hydro* 
gen,  the  result  would  be  pure  water;  and,  when  formed  in 
elevated  strata  of  the  atmosphere,  no  trace  evident  to  our 
senses  might  remain  (unless,  indeed,  when  these  meteors 
should  occur  in  vast  numbers,  in  which  case  the  light  re- 
flected by  the  newly-formed  water  or  vapour,  might  present 
the  appearance  of  luminous  bands) :  but  if  such  an  ignition 
and  explosion  were  to  take  place  in  lower  strata,  it  might  give 
rise  to  the  showers  of  rain  which  fall  so  suddenly  in  water- 
spouts. The  atmosphere,  however,  contains  a  large  propor- 
tion of  nitrogen,  and  in  its  lower  strata,  carbonic  acid,  as  also 
various  foreiffn  substances,  more  especially  in  the  vicinity  of 
▼olcanos,  (where,  as  we  shall  see  in  the  sequel,  these  meteors 
are  of  very  frequent  occurrence,)  carried  up  into  it  by  evapo- 
ration and  other  means.  And  should  a  combination  with  such 
substances  take  place,  red  rain,  meteoric  dust,  and  perhaps 
even  aerolites  might  be  formed.  The  ignition  of  such  foreign 
matter  might  also  account  for  the  various  hues  of  diiferent 
^hooting  stars,  and  also  for  the  trains  of  sparks  occasionally 
observed. 

If  we  can  suppose  this  hypothesis  to  be  an  approximation 
to  the  truth,  it  would  unfold  to  us  highly  interesting  views  of 
processes  continually  in  progress  in  nature's  laboratory : — the 
perpetual  formation  and  decomposition  of  water ;  dissolution 
and  renovation  unceasingly  occurring  in  the  very  constitu- 
tion of  that  portion  of  the  terrestrfal  globe,  which,  among  all 
the  geological  revolutions  that  have  taken  place  on  its  .sur- 
face, appears  to  have  suffered  the  least  change — the  world  of 
waters*;  changes  analogous  to  those  observable  in  all  other 
departments  ofthe  natural  world ;  changes  by  which,  in  fact, 
Nature  appears  to  maintain  *'  her  health,  her  beauty,  her  fer- 
tility.'' And  these  remarkable  meteors  might  thus  be  re- 
earded  as  celestial  beacons,  shining  forth  to  impart  to  us  in- 
formation of  physiological  changes  in  the  very  act  of  occurring, 
perhaps,  in  the  remotest  regions  of  our  atmosphere. 

Should  such  be  the  origm  and  office  of  these  meteors,  we 
might,  however,  expect  to  find  them  of  continual  occurrence, 

*  The  decomposition  and  formation  of  water  is  continually  in  progress 
on  the  earth's  surface  by  combustion  and  other  means ;  but  Nature  plans 
for  a  globe  uninhabited  by  man ;  and,  with  the  exception  of  rare  and  occa- 
fional  conflagrations  caused  by  the  electric  fluid,  and  nerhaps  by  spontaue* 
ous  ignition,  fire  is  not  kindled  on  the  earth  without  human  agency. 

PhU.  Mag.  8.  3.  Vol.  19.  No.  125.  Nov.  1841.     2  A 
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rather  than  making  their  appearance  as  periodical  visitors 
And,  in  fact,  although  they  doubtless  seem  to  have  their  gala 
nights,  M.  Quetelet  infers,  from  observations  he  has  made^ 
that  in  our  latitudes  about  sixteen  shooting  stars  of  varioos 
sizes  may  be  seen  on  a  dark  night  in  the  course  of  an  hour. 
Nor  need  we  suppose  the  phssnomena  to  be  discontinued 
durinff  Uie  hours  of  sun-light.  And  in  the  warmer  regions  of 
the  globe,  the  phsenomenon  of  shooting  stars  is,  according  to 
M.  de  Humboldt,  of  very  frequent  occurrence.  Thus,  when 
off  the  coast  of  Africa,  and  especially  near  the  Canaries,  that 
eminent  traveller  speaks  of  ^^  the  innumerable  multitude  of 
falling  stars,  which  appeared  every  instant"  He  adds,  ^  That 
he  never  saw  them  so  multiplied  as  in  the  vicinity  of  the  vol* 
canos  of  Quito,  and  in  the  part  of  the  Pacific  Ocean  which 
bathes  the  volcanic  coasts  of  Guatemala."  He  also  describes 
these  meteors  as  being  very  brilliant,  and  as  usually  either 
leaving  trains  behind  them,  which  remain  luminous  twelve 
or  fift^n  seconds,  or  bursting  into  sparks.  And,  should  the 
great  height  above  the  eartns  surface  assigned  to  some  of 
these  meteors*  seem  to  militate  against  the  hypothesis  here 
advanced,  on  the  other  hand,  it  cannot  but  appear  that  the  fiust 
of  their  frequent  occurrence  in  volcapic  regions  distinctly  leads 
to  the  inference  that  they  are  not  solely  cosmical  phsenomen^^ 
but  absolutely  and  intimately  connected  with  the  physical  con* 
stitution  of  our  own  planet  And  when  we  consider  the  vast 
number  of  these  meteorsf,  we  cannot  but  feel  convinced  that 
they  are  not  mere  accidental  displays,  calculated  to  alarm  the 
ignorant,  and  to  excite  the  wonder  and  curiosity  of  the  leamed* 
but  that  they  actually  perform  some  important  though  hitherto 
unperceived  o£Bce  in  the  (economy  of  nature. 

I  am  well  aware  that  the  above  attempt  at  explanation  does 
not  account  for  the  periodicity  of  these  meteors,  which,  in  fkct^ 
constitutes  one  of  their  most  remarkable  features;  but  per- 
haps we  can  scarcely  expect  to  arrive  at  any  satisfactory  con* 
-  elusion  as  to  the  cause  of  their  periodicity,  until  we  beccnne  in 
some  measure  acquainted  with  their  nature  and  origin.  The 
iacts  above  adduced  prove  that  the  periodical  shooting  stars 
are  not  isolated  meteorological  phienoroena;  whilst  their  evi* 
dent  connexion  with  the  aurora  borealis  leads  us  to  r^ard 

•  One  hundred  German  miles  (466  English  miles)  or  m<Hre. — See  an  ar> 
tide  by  M.  Quetelet  from  the  Annumre  de  Bruxelles,  in  Phil.  Mag.  for  Sep* 
tember  1837*  [Third  Series,  roL  xi.  p.  371.] 

t  At  the  rate  of  16  per  hour»  according  to  M.  Quetdet's  observations^ 
not  less  than  140,000  annuallj ;  or,  if  this  be  considered  as  too  lar)^  a  pro- 
portion, let  us  take  onljf  half  that  number,  and  this  in  a  comporativeiy  as* 
cumscribed  iptuct,  and  m  a  temperate  parallel  oi  Utf itude. 
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them  as  of  electric  origin.  If^  then^  we  consider  these  phso^ 
nomena  as  originating  m  electricity  in  motion ;  and  if,  to  use 
the  words  of  Sir  John  Herschel,  we  consider  <<  that  the  sun's 
rays  are  the  ultimate  source  of  every  motion  that  takes  place 
on  the  surface  of  the  earth/'  (possibly  modified  not  only  by 
the  direction  in  which  they  strike  the  earth  in  its  transit 
through  space,  but  also  hy  the  varying  rapidity  with  which 
the  earth  itself  moves  in  diiFerent  parts  of  its  orbit,)  we  may 
perhaps  regard  the  sun  as  mainly  influential  in  their  produc  - 
tion.  And  therefore,  although  meteorological  observations 
must  necessarily  be  of  great  importance  as  tending  to  elucidate 
the  subject*,  it  cannot  but  be  hoped  that  astronomy  will  also 
lend  its  powerful  aid,  and  that  future  observations  made  on  the 
sun's  disc,  at,  or  immediately  antecedent  to  the  time  indicated 
by  the  periodical  appearance  of  these  meteors,  and  compared 
veith  the  ordinary  phsBnomena  presented  bv  its  surface,  (both 
in  our  latitudes  and  in  tropical  regions,  where  shooting  stars 
are  of  more  common  occurrence,)  may  detect  some  unusual 
agitation,  some  apparently  peculiar  condition  in  the  sun  itself 
at  those  especial  periods,  to  which  may  be  attributed  the  pe-* 
riodical  occurrence  of  these  meteoric  pbienomena. 

Clapharo,  Not.  6, 1840.  RosiNA  MariA  ZoRNLIN. 

An  accidental  circumstance  has  retarded  the  publication  of 
the  above  paper  until  the  present  period;  and,  in  the  interim, 
two  rather  important  articles  have  been  given  to  the  public  on 
the  subject  of  these  meteors ;  the  one  forming  a  portion  of 
Professor  Forbes's  *  Supplementary  Report  on  Meteorology,' 
given  in  the  ^  Report  of  the  Tenth  Meeting  of  the  British  Asso^ 
ciation  for  the  Advancement  of  Science;'  and  the  other  consist* 
ing  of  a  paper  read  before  the  Royal  Astronomical  Society,  and 
published  in  the  Monthly  Notices  of  that  Society.  Although 
nothing  occurs  in  either  of  these  articles  which  I  had  not  pre- 
viously taken  into  consideration,  yet,  as  I  may  appear  in  the 
former  portion  of  this  paper  to  have  passed  over  some  points 
ivith  too  slight  a  notice,  I  gladly  avail  myself  of  the  opportu- 
nitythus  afforded  me  of  adding  a  few  additional  remarks. 

The  periodicity  of  the  November  and  August  meteors  I 
have  considered  as  granted :  Professor  Forbes  does  not  appear 
to  regard  this  point  as  established;  but  observes,  ''that  we 

^  The  apparently  periodical  recurrence  of  the  aurora  borealiSf  which,  at 
observed  by  Captain  Beechey  near  Behring*s  Straits^  made  its  first  appear- 
ance for  two  successive  years,  1831  and  1832,  on  the  36th  of  August,  is  not 
undeserving  of  notice.  A  splendid  aurora  was  observed  in  this  country  by 
^  Mr.  S.  Hunter  Christie  on  the  85th  of  August*  1837^— See  Seventh  Report 
of  the  British  Association  for  the  Advancement  of  Science. 
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must  use  the  term  periodicity,  as  applied  to  these  meteors, 
with  caution*."  That  philosopher,  however,  does  not  seem 
to  regard  the  aurora  borealis  as  connected  with,  and  occa- 
sionally appearing  as  a  substitute  for  the  phaenomena  of  the 
shooting  stars;  the  fact,  however,  is  attested  by  his  own  ob- 
servations in  1837,  and  by  those  of  others  in  1838.  He 
further  remarks,  that  no  marked  indication  was  observed  in 
1839  and  1840.  At  this  place,  in  both  those  years,  the  nights 
of  November  i2th  were  most  unfavourable  for  observation; 
that  of  November  12th,  1839,  having  been  uniformly  foggy; 
and  that  of  November  12th,  1840,  hazy  and  dull  in  the  eany 
part  of  the  evening,  and  subsequently  rainy.  In  1836,  the 
weather  at  this  epoch  was  not  more  propitious ;  and  in  1837, 
except  in  the  early  part  of  the  evening  (when  the  phsenome- 
non  before  described  was  witnessed),  the  sky  was  overcast 
throughout  the*  night,  the  moon  being  also  at  the  full.  On 
the  10th  of  August  of  the  present  year  (1841)  we  had  here  a 
dull  evening  and  a  rainy  night:  on  the  9th,  however,  the 
phaenomenon  of  shooting  stars  was  witnessed  in  far  more  than 
usual  abundance ;  and  among  those  I  observed,  although  the 
larger  proportion  were  direct,  or  moving  from  N.E.  to  S.  W., 
three  were  retrograde,  or  moving  from  S.  W.  to  N.E.;  and  the 
latter  included  a  splendid  meteor,  much  larger  than  Venus, 
which  burst  into  sparks. 

The  predominating  direction  of  these  meteors  is  another 
point  to  which,  perha[)s,  some  allusion  ought  to  be  made.  The 
hypothesis  of  Chladni,  and  that  which  has  been  most  gene- 
rally adopted,  consists,  as  stated  by  Mr.  Galloway,  "  in  sup- 
posing that,  independently  of  the  great  planets,  there  exist  in 
the  planetary  regions  myriads  of  small  bodies  which  circulate 
about  the  sun,  generally  in  groups  or  zones,  and  that  one  of 
these  zones  intersects  the  ecliptic  about  the  place  through 
which  the  earth  passes  in  November."  Besides  other  dif- 
ficulties attending  this  hypothesis,  (none  of  which,  it  will  be 
found,  apply  to  the  hints  at  explanation  I  have  o£fered  above,) 
Mr.  Galloway  remarks,  **  That  bodies  moving  in  groups  in 
the  circumstances  supposed,  must  necessarily  move  in  the 
same  direction,  and  consequently,  when  they  become  visible 
from  the  earth,  would  all  appear  to  emanate  from  one  point 
and  move  towards  the  opposite.  Now,  although  the  observar 
tions  seem  to  show  that  the  predominating  direction  is  from 
north-east  to  south-west,  yet  shooting  stars  are  observed  on 
the  same  nights  to  emanate  from  all  points  of  the  heavens,  and 
to  move  in  all  possible  directions."    This  difficulty,  it  will  be 

*  Report  of  the  British  Association  for  the  Advancement  of  Science.  1840. 
p.  119. 
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evident,  would  not  apply  to  the  hypothesis  I  have  ventured 
to  adduce;  and,  indeed,  if  these  meteors  might  be  regarded 
as  owing  their  origin  to  energetic  electric  currents,  it  would 
not  be  difficult  to  assign  a  supposititious  reason  for  the  gene* 
ral,  although  not  invariable  direction  of  these  meteors  con- 
trary to  the  motion  of  the  earth  in  its  orbit,  and  also  for  their 
greater  frequency  in  tropical  regions.  This,  however,  would 
embrace  too  wide  a  field  to  enter  upon  at  present. 

Since  the  former  part  of  this  paper  was  written,  M.  Quete- 
let's  memoir,  containing  his  Catalogue  des  Principales  Appa^ 
ritions  des  Etoiles  JUantes  (which  I  had  not  previously  seen), 
has  been  placed  in  my  bands.  From  this  it  appears,  that 
M.  Quetelet,  as  well  as  other  distinguished  observers,  concur 
with  me  in  the  opinion  that  the  periodical  shooting  stars  are 
connected  with  other  meteorological  phaenomena.  I  also  per- 
ceive that  M.  Quetelet  cites  some  or  the  same  instances  ad- 
duced by  me  in  support  of  this  assumption.  The  additional 
fects  given  in  my  paper  may,  however,  prove  both  interesting 
and  confirmatory. 

In  addition  to  the  periodical  appearance  of  these  meteoric 

Shaenomena  on  the  12th  of  November  and  the  lOth  of  August, 
f .  Quetelet  has  pointed  out  other  epochs  when  similar  me- 
teoric phfiRnomena  have  been  observed,  recurring  with  appa* 
rent  periodicity.  The  epochs  thus  indicated  are  the  2nd  of 
January ;  the  2Srd  or  24th  of  April ;  from  the  1 5th  to  the  20th 
of  June;  the  18th  of  October;  and  the  6th  or  7th  of  Decern* 
ber.  The  increased  number  of  the  apparently  periodical  me- 
teoric phaenomena  perhaps  adds  to  Uie  difficulties  attending 
the  hypothesis  of  a  zone  or  zones  intersecting  the  ecliptic.  To 
a  hypothesis  attributing  their  origin  to  electric  currents,  the 
more  frequent  recurrence  of  such  phaenomena  offers  no  dif- 
ficulty whatever:  for,  if  electric  currents  be  occasionally  thus 
energetically  developed,  there  appears  no  reason  to  infer  that 
this  phaenomenon  may  not  repeatedly  occur,  whether  periodi- 
cally or  otherwise,  and  not  be  restricted  to  one  or  two  annual 
displays. 

October  6, 1841.  R.  M.  Z. 

L.  An  Analysis  of  the  Atmosphere  of  some  of  the  Coimish  Mines. 

By  M.  P.  MoYLE,  Esq* 

A    PREMIUM  having  been  offered  for  *^  the  best  analysis 

^^  of  the  air  taken  at  me  termination  of  a  core  of  two  men^ 

from  the  extremity  of  one  mine  level  in  granite,  and  of  another 

in  killas;  the  samples  to  be  as  fairly  taken  as  possible,  and  in 

*  Communicated  by  the  Author. 
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measure  not  less  than  one  gallon  each  :  it  is  desirable  that  the 
ends  should  be  at  least  fifteen  fathoms  from  any  shaft  or 
winse,  not  more  than  twenty  fathoms  above  the  deepest  lewd 
of  the  mine)  nor  less  than  100  fathoms  hdow  the  adit,  &c^" 
through  the  Royal  Ckmiwall  Polytechnic  Societyi  and  thitt 
premium  havfaig  been  awarded  to  the  author  of  this  com* 
munioation,  he  has  considered  that  an  abridged  extract  frmn 
the  essays  published  by  that  Societir  in  their  Transactioiis 
for  1839  and  1840,  may  be  acceptable  to  the  readora  of  the 
Philosophical  Marine. 

The  analysis  otgases,  and  more  especially  their  combioa- 
tion  or  mixture  in  atmospheric  air»  being  attended  with  no 
small  difficulty  of  manipulation,  (nor  are  the  precautions  r^ 
quisite  for  obtaining  accurate  results  of  no  mean  consequence) 
it  may  be  desirable  to  premise  with  a  few  observations  on  the 
different  points  of  consideration  so  necessary  for  this  purpose, 
and  which  are  fully  detailed  in  the  essays  themselves, 

A  due  correction  was  made  in  all  the  following  experi* 
ments,  with  the  utmost  care,  for  any  change  of  temperatare 
during  the  progress  of  the  individual  expenment. 

The  necessary  allowance  for  the  presence  of  vapour  in  the 
gas  was  always  made  according  to  Dr.  Dalton's  table.  The 
unaccountable  tendency  or  propensity  which  gases  possess  to 
unite,  by  overcoming  obstacles  placed  for  their  security  or 
separation,  was  never  lost  si^t  of;  and  no  experiment  was 
recorded  which  suffered  sufficient  interruption  to  allow  of  the 
above  clrcumstanoe  to  transpire.  In  addition  to  this,  the 
samples  of  air,  although  they  save  perfect  satisfaction  as  to 
the  security  of  die  vessels  in  vmich  it  was  containedt  were 
<^rated  on  with  little  or  no  loss  of  time.  The  pressure  and 
temperature  of  the  atmosphere  were  always  reduced  to  one 
common  standard,  viz.  barometer  30  inches,  and  thermome- 
ter 60^;  and  whenever  the  lower  surface  of  the  air  in  the  jar 
did  not  coincide  with  the  exact  level  of  the  surface  of  the  li- 

3uid  in  the  trough,  the  density  of  the  included  gas  was  re- 
uced  to  that  of  tne  external  atmosphere. 
The  utmost  care  was  had  in  the  manufacture  of  the  oxy- 
gen, hydrogen,  nitrous  gas,  &c  &c.,  that  they  might  be  of 
the  utmost  purity.  The  oxygen  was  uniformly  made  from 
the  chlorate  of  potash  in  a  green  glass  retort;  and  aldiough 
the  zinc  of  commerce  was  used  for  the  manufacture  of  the 
hydrogen,  it  was  invariably  purified  by  passing  it  immediately 
before  use  through  a  solution  of  pure  potash,  for  the  purpose 
of  removing  any  carburetted  hydrogen  or  other  impurity, 
and  depriving  it  of  any  oxygen  which  it  might  contain,  oy 
subjecting  it  to  the  influence  of  the  spongy  ptatina  ball,  heated 
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to  redness ;  and  sulphuretted  hydi'ogen  may  be  removed  by 
the  gas  being  afterwards  passed  through  a  solution  of  chlorate 
of  lime.  The  nitrous  gas  or  deutoxide  of  nitrogen  was  pro- 
cured by  the  action  of  nitric  acid  in  pure  metallic  copper, 
collecting  the  gas  sometimes  over  water,  and  sometimes  over 
mercury. 

The  quadrisulpburet  of  lime  was  manufactured  after  the 
manner  recommended  by  Dr,  Dalton. 

The  samples  of  air  taken  from  the  different  loads  in  the 
mines  were  procured  by  emptving  jars  of  water  of  their  con- 
tents, and  four-ounce  bottles  of  mercury  from  one  to  the  odier, 
at  the  required  sjK>tSy  preserving  a  small  portion  of  the  water 
or  mercury,  greasing  the  corks,  driving  them  as  tight  as  pos- 
sible, and  afterwards  sealing  them  over.  Both  jars  and  botdes 
were  kept  in  an  inverted  position  from  this  moment  to  that 
of  their  use;  and  a  further  proof  of  their  security  was  ge- 
nerally had  by  an  escape  of  a  few  bubbles  of  air  on  withdraw- 
ingthe  cork  or  stopper  under  water  in  the  pneumatic  trough. 

The  pneumatic  trough  was  filled  with  perfecdy  clean  rain 
water,  collected  from  the  glass  roof  of  a  green-house,  and 
renewed  as  frequently  as  opportunities  would  permit* 

Sample].    One  gallon. 

Wheal  Vor  Mine. — Tin  in  slate.  Taken  from  the  250-fa- 
thom  level  below  the  surftce;  fifteen  fathoms  west  of  any 
shaft  or  winse,  and  taken  a  few  minutes  after  firing  a  hole, 
with  two  men  in  a  core ;  specific  gravity  of  air  *997. 

Oxygtn. 

Average  of  three  experiments  by  exposing  the  gas*^ 

to  the  influence  of  the  quadrisulpburet  of  lime  >    18*41 
in  Hope's  eudiometer    .1 

Average  of  four  experiments  with  pure  hydrogeni     1 3.40 
fired  by  electricity  in  Volta's  eudiometer    ...  J 

Average  of  four  experiments  with  nitrous  gas  .  •        18*45 

One  experiment  with  heated  platina  ball  over  mercury  18*40 

Mean  •  •  .    18*416 

Carb.  acid. 

Average  of  three  experiments  with  lime-water    •    .        0*06 

Average  of  three  experiments  with  solution  of\        ^.-.^ 

pure  potash j  ' 

Mean  .  •  .      00*65 
No  trace  of  any  other  gas,  consequently  Uie  composition 
of  this  sample  stands  thus  :«— 
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Nitrogen 81*519  per  cent. 

Oxygen      ...«••.     18*416 
Carbonic  acid     •  •  «  •      0-065 


100-000 
Sample  2.     One  gallon. 
Wheal  Vor. — As  before.     250  fathoms  from  surface ;  six* 
teen  fathoms  east  of  any  shaft  or  winse ;  two  men  in  a  core ; 
ten  minutes  after  firing  a  hole ;  specific  gravity  *99S. 

Oxygen. 
Average  of  six  experiments  with  hydrogen     •  •  •  •       16*7 
Average  of  four  experiments  with  nitrous  gas  .  •  •  .       16*62 
Average  of  two  experiments  with  platina  ball  •  .  .  .       16*75 

Mean  .  .  .     16*69 
CarikKiiL 

Average  of  three  experiments  with  lime  water    •  •  •      0*075 
Average  of  three  experiments  with  alkaline  solution       0*075 

Mean  .  •  .     0-075 
Composition  of  this  sample: — 

Nitrogen 8S'24f  per  cent. 

Oxygen 16-69 

Carbon,  acid  •  .  •  •      0-075     ••• 


100-005 
Sample  8.     One  gallon. 

Wheal  Vofi\ — As  before.  240  fathoms ;  twenty-four  &thoms 
east  of  any  shaft  or  winse ;  two  men  in  a  core ;  taken  half  an 
hour  after  firing  a  hole;  specific  gravity  -997. 

Ozygea. 
Average  of  three  experiments  with  hydrogen     ....     19-2 
Average  of  three  experiments  with  nitrous  gas  ....     19*0 
Average  of  two  experiments  by  the  slow  combus-"!    lo- 
tion of  phosphorus  over  mercury      j 

One  experiment  with  platina  ball 19*0 

Mean    .  •  .     18*95 

Garb.  add. 
Average  of  three  experiments  with  lime  water     .  .  .      0"06 
Average  of  three  experiments  with  alkaline  solution      0*07 


Mean  .  .  •   0'065 
A  sample  of  the  above  air  taken  in  a  four-ounce  bottle  se- 
cured by  mercury,  gave  strong  indications  of  both  sulphuretted 
hydrogen  and  sulphurous  acid :  quantity  not  ascertained. 
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Composition  of  this  sample: — 

Nitrogen      80*98  per  cent. 

Oxygen      18*95 

Carbonic  acid    •  •  0*065 


••• 


99-995 

Sample  4.    One  gallon. 

Wheal  Voi\ — As  before.  2S0  fathoms ;  two  men  in  a  core; 
22  fathoms  from  shaft  or  winse,  half  an  hour  after  firing  a 
hole ;  specific  gravity  *994. 

Oxygen. 
Average  of  two  experiments  with  hydrogen  .  •  •  •  .  17'22 
Average  of  three  experiments  with  nitrous  sas  •  •  .  17*36 
Average  of  three  experiments  with  quadrisulphuret  1   i^.q/) 

of  lime \ 

Average  of  three  experiments  with  hydrogen  on  j 

sample  taken  from  bottle  secured  by  mercury,  as  >  17*20 

before  •-  •  • • J 

Average  of  two  experiments  from  ditto  with  quadri-'l   ,  ...^^ 

sulphuret  of  lime     • j 

Mean  •  •  •     17*282 
Carb.  acid. 
Average  of  two  experiments  with  lime  water    •  •  •  •    0*08 
Average  of  two  experiments  with  alkaline  solution  •  •    0*085 

Mean  .  •  .     0*082 
Sulph.  hydrogen. 
Average  of  four  experiments  with  a  cup  of  nitric^ 
acid  standing  over  mercury,  with  sample  of  air  >0*08  p.  ct 
taken  in  a  mercurial  bottle    ....••.••  .J 
Also,  a  strong  trace  of  sulphurous  acid;  therefore  composition 
of  this  sample, 

Nitrogen 82*556  per  cent. 

Oxygen      17*282     •.. 

Carlx>nic  acid      0*082     ••• 

Sulphuretted  hydrogen  .  .        0*080     ••• 
Sulphurous  acid     strong  trace 

100000 
Sample  6.    A  quart;  also  mercurial  sample. 
Wheal  VoTj  Penhale^^SlatQ.   S6-fathom  level ;  four  men  at 
work  in  a  dead  end ;  candle  burned  with  difficulty ;  specific 
gravity  0*994. 

Oxygen. 
Averageof  two  experiments  with  hydrogen  ....  14-74 
Average  of  two  experiments  with  nitrous  gas  •  •  •  .      14*77 
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Oxygen. 
Average  of  two  experiments  with  hydrogen  from"!   14.77 

mercurial  sample j        ' ' 

Average  of  two  experiments  with  nitrous  gas  from  do.    14*77 

Mean  •  •  .  14*76 

Garb.  add. 

Average  of  two  experiments  with  potash  solution  •  •  .    0*28 

Average  of  two  experiments  with  potash    solution"!  -..g^ 

from  mercurial  sample ^  o  »5 

Mean  •  .  .    0*23 
A  trace  of  both  sulphuretted  hydrogen  and  sulphurous  acid 
in  both  samples. 
Composition  of  sample:-— 

Nitrogen    •  •  .  •    85*01  percent. 
Oxygen      ....     14*76 
Cartx)nlc  acid  •  .      0*23 


... 
... 


100*00 
Sample  7.     One  gallon. 
Great  Work. — Granite,  tin  and  copper.    170  fathoms  from 
sur&ce ;  thirty  fathoms  from  winse  or  shaft,  with  two  men  in  a 
core ;  taken  directly  after  firing  a  hole  \  specific  gravity  *991. 

Ozygeo. 
Average  of  four  experiments  with  hydrogen  .....  16*99 
Average  of  three  experiments  with  nitrous  gas  .  •  .  •  17*00 
Average  of  three  experiments  with  quadrisulphuretl   1  i^^qc 

of  lime     • J 

F4cperiment  with  platina  ball 17*00 

Mean  .  •  •  17*01 
Ctrb.  acid. 
Average  of  three  experiments  with  lime  water  ....    0-09 
Average  of  two  experiments  with  potass  solution  •  .  •    0*10 

Mean  •  •  •  0*095 
Composition  of  sample: — 

Nitrogen    ....    82*895  per  cent. 

Oxygen 17*010 

Cartenic  acid  •  .     0*095      ••« 

100*000 
Sample  8.     One  gallon. 
Great  Wori.-^ks  before.    160  fa£oms  from  surface;  two 
men  in  a  core;  thirty  fathoms  from  winse  or  shaft;  fifteen 
minates  after  firing  a  |)ole }  specific  gravis  *892. 
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Oxygen. 
Average  of  two  experiments  with  hydrogen     •  •  •  ,     15-1 
Average  of  three  experiments  with  nitrous  gas    ...     15*2 
Average  of  three  experiments  with  quadrisulphoretl  •  ^^  _ 
of  lime    ,  , /  ^^'^^ 


Mean  •  •  •   15*15 
Garb.  acid. 


Average  of  two  experiments  with  lime  water     •  •  ,  .    0*14 
Average  of  two  experiments  with  aolution  of  potash       0*15 

Mean  .  .  .    0*145 
Composition  of  sample: — 

Nitrogen 84*705  per  cent 

Oxygen 15*15       ••• 

Carbonic  add  •  •  •      0*145    ••• 

100-000 
Sample  9,    One  quart. 
Great  Work, — As  before.    150  fatnoms  from  surface;  two 
men  in  a  core ;  twenty  fathoms  from  winse  or  shaft,  directly 
after  firing  a  hole;  specific  gravity  -995. 

Oxygen. 

Average  of  two  experiments  with  hydrogen 16*30 

Average  of  two  experiments  with  nitrous  ^       .  .  •     16*40 
Average  of  two  experiments  with  quadnsulphuret  ^  jg.^^i- 

of  lime J 

Average  of  two  experiments  with  hydrogen  from  \  hj.aq 

mercurial  sample .J 

Average  of  two  experiments  with  quadrisulphuret  "I   \(i.f*f% 
of  lime  from  ditto  .  ^ j  *"'"" 

Mean  .  .  •    16*45 
Carb.  acid. 
Average  of  two  experiments  with  lime  water    •  •  •  •      0*10 
Average  of  two  experiments  with  potash  solution  «  •    00*98 

Mean  •  «  •  0*099 
Composition  of  sample: — 

Nitrogen 83*451  per  cent. 

Oxygen  . 16-45 

Carl^nic  acid  •  •  •  •      0*099 


••• 


100*000 
Sample  10.    One  quart 
Great  fFcrk.^"'^  before.  125  fathoms  firom  suiface;  twenty- 
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three  fathoms  from  winse  or  shaft;  two  men  in  a  core';  half  an 
hour  after  firing  a  hole ;  specific  gravity  0*998. 

Oxygen. 
Average  of  three  experiments  with  nitrous  gas  •  .  •     17*56 
Average  of  three  experiments  with  hydrogen     •  %  •     17*50 
Average  of  three  experiments  with  quadnsulphuretl    i^.^c 

of  lime J 

Average  of  two  experiments  with  hydrogen  in  mer-1    |i-... 

curial  trough  from  a  mercurial  sample J 

Average  of  two  experiments  with  nitrous  gas  in  \  , .-  -^ 

ditto  from  ditto     /  ^^'^^ 

Mean  .  .  .    17*544 

Carb.  acid. 

Average  of  three  experiments  with  lime  water     •  •  •       0*10 

Average  of  two  experiments  with  potash  solution  •  •       0*10 

Mean  ...      0*10 
A  trace  of  both  sulphuretted  hydrogen  and  sulphurous  acid 
was  observable  in  the  mercurial  samples. 
Composition  of  sample; — 

Nitrogen 82*356  percent. 

Oxygen 17*544 

Carbonic  acid    ...      0*100 


100*000 

Sample  1 1  •    One  e allon  • 

Birmer Downs. — Copper  mine;  slate.  104-fathom  level; 
eighteen  fathoms  from  winse  or  shaft ;  two  men  in  a  core  in 
a  rise ;  specific  gravity  0*996. 

Oxygen. 
Average  of  four  experiments  with  hydrogen   ....     16*73 
Average  of  two  experiments  with  nitrous  gas  ....     16*8Q 
Average  of  two  experiments  with  [quadrisulphuret  \  ig.^i. 

of  lime j" 

Average  of  three  experiments  with 'hydrogen  ^"^  T  ig.^g 

mercurial  trough  from  a  mercurial  bottle  sample  J 
Average  of  two  experiments  with  nitrous  gas  in\  i^...^, 

ditto  from  ditto      J-  16  76 

Mean  .  .  •    16*764 

Garb.  acid. 
Average  of  five  experiments  with  lime  water  and  so-1       ^.^^ 

lution  of  potash J 

A  strong  trace  of  sulphuretted  hydrogen  in  the  mercurial 

sample.    Composition  of  sample^  thereforei 
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Nitrogen  •••.«•»  r  t  •  8S'146  per  cent. 

Oxygen  •...«,,,,,  16*76i 
Carbonic  acid  ••,....  0*090 
Sulphuretted  hydrogen  •  •  •      strong  trace. 

1 00-000 
Sample  12,    One  gallon. 
Cam  Brea, — Copper  mine,   granite.     Immediately  after 
firing  a  hole;  from  the  105*fathom  level  from  surface,  and 
twenty-five  fathoms  from  any  winse  or  shaft;  two  men  in  a 
core;  specific  gravity  *994f. 

Oxygen. 
Average  of  two  experiments  with  hydrogen     •  •  •  .     16*72 
Average  of  three  experiments  with  nitrous  ^as  •  •  •     16*66 
Average  of  three  experiments  with  quadrisuiphuret  1   ig.«7Q 
of  lime J 

Mean  •  •  •    16*693 
Carb.  acid. 
Average  of  four  experiments  with  lime  water  and  1       ^^ 

solution  of  potash j 

Composition  of  sample  :— 

Nitrogen  ......  83*237  per  cent. 

Oxygen 16*693 

Carlx>nic  acid  •  .  •    0*070 


... 


100000 
Sample  13.     One  gallon. 
Cam  Brea. — ^As  before.   95«fathom  level,  machine  blowing 
air ;  two  men  in  a  core ;  spot  wrought  only  sixteen  hours  out 
of  the  twenty-four ;  sample  taken  Siree  quarters  of  an  hour 
after  firing  a  hole ;  specific  gravity  -992. 

Oxygen. 

Average  of  three  experiments  with  hydrogen     ....     14*50 

Average  of  two  experiments  with  nitrous  ^as    ....     14*64 

Average  of  three  experiments  with  quadr]sulphuret\    14.40 

of  lime J 

Mean    ...     14*51 

Carb.  acid. 

Average  of  three  experiments  with  lime  water     •  r  .  .    0*12 

Average  of  three  experiments  with  potash  solution   ..    0*14 

Mean    ...    0*13 
Composition  of  sample:— «  .    , 
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Nitrogen    «  »  »  «  «    85*36  per  cent 
Oxygen  <  «  •  «  .  ^     14*51       ••• 
Cartx)nic  acid     »  •      0*1  S 


«•• 


100*00 

Sample  14«     One  auart 
Tresavean. — Coppermine,  in  granite.    156-rathom  level; 
908  fathoms  from  surface ;  two  men  in  a  core ;  directly  after 
firing  a  hole ;  sixty-five  fathoms  from  winse  or  shaft ;  specific 
gravity  'QSa. 

Oxjgm. 
Average  of  three  experiments  with  hydrogen  •  •  •  16*20 
Average  of  two  experiments  with  nitrous  gas        •  *      16*50 

Mean   •  •  «     16*35 

Carb.  scid. 
Average  of  two  experiments  with  lime  water  •  •  •  .  0*13 
Average  of  two  experiments  with  potash  solution   .  .      0*13 

Mean  .  •  .     0*13 
A  slight  trace  of  sulphuretted  hydrogen. 
Composition  of  sample : — 

Nitrogen    •  .  •  w  .  .    83*52  per  cent 
Oxygen      ......     16*35 

Cartonic  acid    ...      0*13 


••• 


10000 
Sample  15.    One  gidlon. 
Wheal  Ann.^Tin  mine>  in  granite.  A  rise  in  the  80- fathom 
level;  sixteen  fathoms  from  any  shaft  or  winse;  two  men  in 
a  core ;  no  gunpowder  used ;  specific  gravity  of  air  *995. 

Oxyfeo. 
Average  of  six  experiments  with  hydrogen  and  qua-T     16.70 

drisulphuret  of  lime j         ^ 

Ctrb.aeid. 
Average  of  four  experiments  with  lime  water  and\     ^.^^ 

solution  of  potash *  •  *J 

Composition  of  sample : — 

Nitrogen 83*20  per  cent 

Oxygen      16*72 

Car^nic  acid  •  .  •      0*08 


••• 


100-00 


Sample  16.    One  gallon. 
Wheal  Ann.'^As  hefon,   lOe-fathom  level}  iQr^fivft&« 


Digitized 


by  Google 


ofwm€  i^the  CwnUk  Mines.  867 

thorns  from  winse  or  shaft;  machiDe  and  water-fall  forcing 
air;  end  of  a  core  of  two  men;  no  gunpowder  used  for  some 
time;  specific  gravity  -997 

Oxygen. 
Average  of  seven  experiments  with  hydrogen,  niO   i  o.oo 

troasgasandqaadrisulphuretof  lime J 

Carb.  aeid. 
Averageof  five  experiments  with  lime  water    •  •  •  .     0*07 
CSomposition  of  sample  :— 

Nitrogen 81*71  percent 

Oxygen     18*22 

Carbonic  acid  •  «  •      0*07 


••• 
••• 


100*00 
Sample  of  the  above  taken  in  a  mercurial  bottle  gave  the 
following  means: — 

Oxygen      18*34  per  cent 

Carmnic  acid  •  •  •      0*07 


••• 


Sample  17«    Four  gallons. 

Cansoh. — Copper  mine^  in  slate.  No  other  report  forwarded 
but  that  they  were  taken  from  the  bottom  levels.  The  pro- 
per directions  having  been  forwarded  for  the  taking  of  the 
samples,  it  is  presumed  the  necessaty  precautions  were  adopted 
as  they  came  to  hand  in  an  inverted  position,  &c.  Sec. ;  spe- 
cific gravity  *997. 

Oxygen. 

Averageoffour  experiments  with  hydrogen 17*93 

Average  of  two  experiments  with  nitrous  gas     ....    17*82 
Average  of  three  experiments  with  quadrisulphuret  \    1 7.00 

of  lime J 

Average  of  two  experiments  with  phosphorus   .  •  •  •    17*60 
Averageof  two  experiments  with  platina  ball    ....    17*70 

Mean   .  .  •     17*78 

Carb.  add. 

Average  of  three  experiments  with  lime  water    ....    0*06 

Average  of  three  experiments  with  potash  ••.••••    0*06 

Mean  .  .  •    0*06 
Composition  of  sample  :— 

Nitrogen •    82*16  per  cent 

Oxygen      .^ 17*78 

Carbonic  acid     •  •  •      0-06 


••• 


10000 
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Sample  18.     Four  gallons. 

Consols. — As  before.  Sample  obtained  under  similar  circum* 
stances  to  the  last ;  specific  gravity  *997. 

Oxygen. 
Average  of  three  experiments  with  hydrogen    ...       18*41 
Average  of  three  experiments  with  quadrisulphuret  \  , «  - , 

of  lime    • /  ^^**^ 

Average  of  two  experiments  with  nitrous  gas    •  •  .       18*45 

Mean  •  •  .    18*425 
Carb.  acid.  • 
Average  of  three  experiments  with  lime  water      .  •  •     0*06 
Average  of  two  experiments  with  potash  solution    .  •    0*07 


Mean  •  •  •    0*065 
Composition  of  sample : — 

Nitrogen 81*52  per  cent. 

Oxygen 18*42 

Carbonic  acid    .  •  .      0*06 


100*00 
Summary  of  foregoing  experiments: — 

Average  quantity  of  oxygen  per  cent      •  •     17'067 

Average  quantity  of  carbonic  acid     •.•••••..      0*085 
Average  quantity  of  nitrogen     ••••••••••••     82*848 


100*000 
The  results  of  the  foregoing  experiments  clearly  demon- 
strate the  impure  state  of  the  atmosphere  which  a  miner  is 
compelled  to  breathe  for  about  one-third  of  the  period  of  his 
existence  (generally  eight  hours  at  a  time  out  of  the  twenty- 
four).  There  cannot  be  a  doubt,  that  where  much  gunpowder 
is  used  often  pernicious  gases  are  generated,  the  detection  of 
which  will  not  be  easy  in  samples  taken  with  water,  as  I  have 
failed  in  almost  every  instance  in  finding  a  trace  of  such,  by  the 
nicest  tests.  That  sulphurous  acid  is  produced,  there  cannot 
be  question,  as  it  may  be  found  invariably  in  the  water  pre- 
served in  the  jars,  when  the  samples  have  been  taken  im- 
mediately after  the  explosion  of  a  hole,  as  well  as  in  the  air 
well  preserved  in  a  bottle  By  mercury,  and  very  speedily  ex- 
perimented on  in  a  mercurial  trough. 

The  minutiae  of  preparing  the  diSerent  tests,  and  the  pre- 
cautions adopted  in  the  foregoing  experiments,  are  fully  de- 
tailed in  the  above-mentioned  Transactions,  and  it  is  therefore 
considered  unnecessary  to  recapitulate  them  here. 
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LI.  Remark  on  Primitive  Radices.  £^  M^  Rev.  R.  Murphy^. 

pTAVINO  had  the  honour  of  receiving  from  M.  Jacob!  his 
-*•-■•  *  Canon  Aritbmeticus,  sive  tabulae,  quibus  exbibentur 
pro  singulis  numeris  primis,  vel  primorum  potestatibus  infra 
1000,  numeri  ad  datos  indices  et  indices  ad  datos  numeros  per- 
tinentes,  Berolini,  1899/  I  sought  in  the  tables  for  some  law 
relative  to  primitive  radices.  Being  desirous  of  completing  a 
work,  entitled  '  New  Forms  for  the  calculation  of  Logarithms/ 
which  is  nearly  ready  for  the  press,  I  could  not  bestow  suf- 
ficient time  to  investigate  the  absolute  generality  of  the  foU 
lowing  properties;  yet  even  as  empiric  forms  easily  recollected, 
and  verified  in  every  case  in  those  tables,  and  also  in  every 
case  where  I  have  taken  small  primitive  radices,  they  will  be 
found  useful ;  at  the  same  time  Uie  attention  of  mathematicians 
will,  I  hope,  be  drawn  to  the  demonstration  of  the  generality  of 
these  forms  (or  the  contrary),  though  belonging  to  what  is  usu- 
ally considered  a  dry  subject,  "  The  Theory  of  Numbers." 

in  pa^e  6,  we  find  a  table,  "  Numeri  primi,  quorum  10 
radix  primitiva  est,"  viz.  7,  17,  19,  23,  29,  47,  59,  &c.  to 
2543 ;  and  the  table  from  which  this  is  deduced  is  (with  some 
exceptions)  carried  as  far  as  9901.  The  following  prime 
numbers,  to  which  10  is  primitive  radix,  may  be  culled  from 
those  in  Burckhardt's  table,  viz.  7,  17,  47,  97,  107,  257,  367 
(497  is  not  prime),  647  (817  is  not  prime),  (1007  is  not 
prime),  1217,  1447,  1697  (1967  is  not  prime).  Hence  every 
prime  number  of  the  form  lOn^  +  7  has  10  for  a  primitive 
radix,  as  far  as  can  be  verified  by  these  tables. 

As  this  property,  if  general,  must  depend  on  some  relation 
between  the  numbers  7  and  10, 1  remarked  that  7  was  the  only 
prime  number  less  than  10,  to  which  the  latter  was  the  pri- 
mitive radix;  accordingly,  I  tried  in  several  instances  the 
more  general  formula  an^  -f  j',  where  pis  n  prime  number  less 
than  a  number,  a  to  which  a  is  a  primitive  radix  (as  3  n^  +  2, 
5n^  +  3,  &c.) ;  from  the  results  it  would  appear  to  be  a 
general  property,  that  under  those  circumstances  an^  -^  p 

(when  prime,  and  p  greater  than  -  j  will  have  a  as  a  pri- 
mitive radix.  From  the  cause  I  have  mentioned,  I  have  not 
bestowed  that  attention  to  these  properties  I  could  have 
wished ;  the  attention  of  others  will  now  be  called  to  them ; 
in  the  mean  time  they  may  stand  as  empiric  formulas. 

LondoD,  October  1841.  RoBERT  MuRFHY. 

*  Communicated  by  the  Author. 
Pkik  Idag.  &  3.  Vol.  19.  No.  125.  Nov.  1841.  2  B 
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LII.  On  the  Perchlorate  of  the  Oxide  of  JEthtOe^  or  Perchloric 
JEther.    By  Clark  Hare,  and  Martin  U.  Boye*. 

THE  energetic  properties  of  perchloric  acid^  and  its  stabi- 
lity, compared  with  the  other  compounds  of  chlorine  with 
oxygen,  led  us  to  the  belief  that  this  acid  might  be  combined 
with  the  substance  which  performs  the  part  of  a  base  in  that 
class  of  organic  salts  which  are  generally  designated  by  the 
name  of  athers^  and  for  which  berzelius,  in  consequence  of 
his  theoretical  views,  has  adopted  the  name  of  oxide  of  asthule. 
For  this  purpose,  a  concentrated  solution  of  perchlorate  and 
sulphovinate  of  barytes,  in  equivalent  proportions,  was  sub- 
jected  to  distillation.  The  sulphovinate  of  barytes  may  be 
considered  as  a  double  sulphate  of  barytes  and  the  oxide  of 
aethule;  and  we  anticipated  that,  when  heat  was  applied,  a 
double  decomposition  would  take  place  between  the  latter  and 
the  perchlorate  of  barytes.  So  long  as  the  salts  remained  in 
solution  no  reaction  occurred;  but  as  soon  as  they  became 
solid,  in  consequence  of  the  distillation  of  the  water,  a  reci- 
procal decomposition  ensued,  and  a  sweet  sethereal  liquid  di- 
stilled into  the  receiver.  This  liquid  is  the  perchlorate  of  the 
oxide  qfathule. 

As  this  substance  is  extremely  explosive,  in  order  to  pre- 
pare it  with  safety  it  is  necessary  to  operate  on  small  quan- 
tities. We  have  employed  from  seventy  to  ninety  grains  of 
crystallized  sulphovinate  of  barytes,  witn  an  equivalent  pro- 
portion of  perchlorate  of  barytes  f ;  but  we  would  recommend, 
especially  on  the  first  performance  of  the  experiment,  the 
employment  of  considerably  smaller  quantities.  The  salts 
should  be  intimately  mixed  in  a  mortar,  and  placed  in  a  small 
retort  attached  to  a  refrigerator  containing  ice,  and  a  receiver 
similarly  cooled.  The  retort  is  to  be  heated  in  an  oil-bath, 
in  which  a  thermometer  is  suspended,  so  as  to  indicate  the 
temperature.  A  wooden  screen,  furnished  with  openings  co- 
vered with  thick  plate-glass  at  such  intervals  as  to  afford  a  full 
view  of  the  different  parts  of  the  apparatus,  should  be  erected 
in  front  of  it,  and  strings  passed  round  the  screen  and  at- 

*  From  the  Transactions  of  the  American  Philosophical  Society,  vol.  yiii.; 
having  been  read  before  the  Society,  December  4th,  1840. 

t  The  amount  of  barytes  in  the  perchlorate  should  be  ascertained  by  an 
experiment,  as  it  retains  water  with  ereat  tenacity.  It  may  be  worth  while 
to  mention,  that  the  perchlorate  of  potassa  cannot  be  substituted  for  the 
perchlorate  of  barytes,  since  the  sulphovinate  is  decomposed  without  acting 
on  it.  We  were  equally  unsuccessful  in  an  attempt  to  procure  the  aether 
by  the  distillation  of  perchlorate  of  barytes  and  concentrated  sulphovinic 
acid. 
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tached  to  a  bar  traversing  on  a  pivot,  and  supporting  an 
Argand  spirit-lamp,  by  which  heat  is  communicated  to  the 
oil-bath,  so  as  to  enable  the  flame  of  the  lamp  to  be  removed 
from  or  applied  to  the  apparatus,  according  to  the  indications 
of  the  thermometer,  witnout  exposing  the  person  of  the  ope- 
rator* After  the  heat  has  reached  212®  Fahr.,  below  which 
the  salts  employed  do  not  react  on  each  other,  it  should  be 
raised  very  gradually,  and  the  distillation  finished  below  340^ 
Fahr.  Under  these  circumstances  but  litde  danger  is  to  be 
apprehended  from  the  retort;  but  the  sedier  in  Uie  receiver 
must  be  treated  with  the  greatest  caution,  since  it  has  ex- 
ploded in  our  hands  in  attempting  to  remove  it  with  a  pipette 
from  the  stratum  of  water  which  covers  it  This  water,  there* 
fore,  should  be  removed  by  Uie  cautious  use  of  strips  of  blot^ 
ting-paper,  moistened  at  the  end,  and  introduced  into  the  tube 
employed  as  a  receiver. 

To  avoid  the  danger  attendant  on  the  management  of  the 
aether  in  its  pure  state,  it  may  be  received  in  strong  alcohol, 
since  it  is  not  explosive  when  dissolved  in  alcohol.  If  the  ex- 
periment be  performed  with  seventy  grains  of  sulphate  of 
barytes,  from  one  to  two  drachms  of  absolute  alcohol  will  be 
found  suflScient  for  this  purpose.  By  the  addition  of  an  equal 
volume  of  water,  the  aether  may  subsequently  be  separated 
from  the  solution  in  small  quantities  for  the  purpose  of  ex- 
amination ;  but  in  this  case  a  loss  of  eether  is  sustained  by 
the  decomposing  influence  of  the  water  employed. 

The  perchlorate  of  sethule  obtained  in  this  way  is  a  trans- 
parent, colourless  liquid,  possessing  a  peculiar,  though  agree* 
able  smell,  and  a  very  sweet  taste,  which,  on  subsiding,  leaves 
a  biting  impression  on  the  tongue  resembling  that  of  the  oil  of 
cinnamon.  It  is  heavier  than  water,  through  which  it  rapidly 
sinks.  It  explodes  by  ignition,  friction,  or  percussion,  and 
sometimes  without  any  assignable  cause.  Its  explosive  pro- 
perties may  be  shown,  with  but  litde  danger,  by  pouring  a 
small  portion  of  the  alcoholic  solution  into  a  small  porcelain 
capsule,  and  adding  an  equal  volume  of  water.  The  aether 
will  collect  in  a  drop  at  the  bottom,  and  may  be  subsequently 
separated  by  pouring  off*  the  greater  part  of  the  water,  ana 
throwing  the  rest  on  a  moistened  filter,  supported  by  a  wire. 
After  the  water  has  dnuned  ofi^,  the  drop  of  aether  remaining 
at  the  bottom  of  the  filter  may  be  exploded  either  by  approach- 
ing it  to  an  ignited  body,  or  by  the  blow  of  a  hammer.  We 
are  induced  to  believe,  that  in  explosive  violence  it  is  not  sur- 
passed by  any  substance  known  in  chembtry.  By  the  ex- 
Elosion  of  the  smallest  drop,  an  open  porcelain  plate  will  be 
roken  into  fragments,  and  by  that  of  a  larger  qaanti^,  be 
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reduced  to  powder.  In  consequence  of  the  force  with  which 
it  projects  thfe  minute  fragments  of  any  containing  vessel  in 
which  it  explodes,  it  is  necessary  that  the  operator  should 
wear  gloves,  'and  a  close  mask,  furnished  with  thick  glass 

{)lates  at  the  apertures  for  the  eyes,  and  perform  his  manipu- 
ations  with  the  intervention  of  a  moveable  wooden  screen*. 

In  common  with  other  aethers,  the  perchlorate  of  sethule  is 
insoluble  in  water,  but  soluble  in  alcohol;  and  its  solution  in 
the  latter,  when  sufficiently  dilute,  bums  entirely  away  with- 
out explosion.  It  may  be  kept  for  a  length  of  time  unchanged 
even  when  in  contact  with  water :  but  the  addition  of  this 
fluid,  when  employed  to  precipitate  it  from  its  alcoholic  solu- 
tion, causes  it  partially  to  be  d^omposed.  Potassa,  dissolved 
in  alcohol,  and  added  to  the  alcoholic  solution,  produces  im- 
mediately an  abundant  precipitate  of  the  perchlorate  of  that 
base;  and,  when  added  in  sufficient  quantity,  decomposes  the 
aether  entirely.  It  would  appear,  therefore,  impracticable  to 
form  either  perchlorovinates  or  perchlorovinic  acid. 

We  have  subjected  the  perchlorate  of  aethule  to  the  heat  of 
boiling  water  with  explosion  or  ebullition. 

It  may  be  observed,  that  this  is  the  first  aether  formed  by 
the  combination  of  an  inorganic  acid  containing  more  than 
three  atoms  of  oxygen  with  the  oxide  of  aethule,  and  that  the 
chlorine  and  oxygen  in  the  whole  compound  are  just  suf- 
ficient to  form  chlorohydric  acid,  water,  and  carbonic  oxide 
with  the  hydrogen  and  carbon. 

The  existence  of  a  compound  of  the  oxide  of  aethule  with 
an  acid  containing  seven  atoms  of  oxygen,  led  us  to  attempt  to 
combine,  by  the  same  method,  this  base  with  nitric  acid. 
For  this  purpose  we  subjected  a  mixture  of  sulphovinate 
and  nitrate  of  barytes  to  the  same  treatment  as  described 
above ;  but  the  reaction,  even  when  conducted  with  the  great- 
est possible  care,  is  destructive,  hyponitrous  aether  and  gaseous 
matters  being  the  principal  products  obtained.  Nor  were  we 
more  successful  in  our  attempts  to  procure  a  sulphurous  or 
fayposulphuric  aether  by  the  same  process. 


LIII.  iJoie  on  the  Theory  of  Light.    By  Professor  PowELLf. 

T  N  my  recently  published  work  <  On  the  Undulatory  Theory 
-"-  as  applied  to  the  Dispersion  of  Light,'  &c.,  I  have  given 
abstracts  of  the  various  investigations  related  to  the  main  sub- 

•  Having  suffered  severely,  on  several  occasions,  from  the  unexpected  ex- 
plosion of  this  substance,  we  would  earnestly  recommend  the  curator  not 
to  n^lect  the  precautions  mentioned  above. 

t  Communicated  by  the  Author. 
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ject  which  have  been  pursued  by  several  mathematicians,  and 
especially  by  M.  Cauchy,  so  far  as  they  have  come  to  my 
knowledge ;  so  various,  however,  are  the  channels  through 
which  such  researches  are  made  public,  that  some  of  them, 
especially  those  which  appear  on  the  Continent,  often  escape 
attention.  In  this  way  I  now  find  I  have  omitted  to  notice 
some  of  the  later  investigations  of  the  distinguished  mathema- 
tician just  named. 

M.  Cauchy  has  favoured  me  with  a  letter,  in  which,  ac- 
knowledging the  receipt  of  a  copy  of  my  work,  he  adds  a 
brief  mention  of  these  later  investigations,  to  which  I  had  not 
referred  in  my  volume,  with  a  reciuest  that  I  would  take  an 
opportunity  of  supplying  nly  reaaers  with  this  further  in- 
formation. As  it  may  be  some  time  before  a  work  on  abstract 
science  reaches  a  second  edition,  perhaps  the  best  course  I 
can  pursue  is  to  offer  a  very  brief  statement  of  the  points  in 
question  through  the  medium  of  this  Journal. 

It  appears  then,  that  subsequently  to  the  researches  of 
which  I  have  given  abstracts,  M.  Cauchy  published  in  August 
1836,  at  Budweiss,  a  lithographed  memoir  entitled  Mimoire 
star  la  ThSorie  de  la  Lumiere^  &c.,  which  bears  much  on  the 
subject  of  the  general  theory,  and  the  phaenomena  to  which 
it  relates,  as  considered  in  my  tract. 

The  main  heads  of  this  investigation  are  as  follows : — 

1.  The  general  equations  of  motion  of  the  ssther :  2nd.  Co- 
lour, or  the  dispersion :  3rd.  The  motion  of  lieht  penetrating 
to  a  small  depth  into  the  interior  of  opake  bodies :  4th.  The 
transition  from  the  formulas  obtained  under  the  third  head,  to 
those  which  represent  vibratory  motion  in  general  in  an 
aethereal  fluid :  5th  and  6th.  The  case  of  media  in  which  the 
propagation  of  light  takes  place  in  the  same  manner  in  every 
direction,  whether  round  any  point,  or  round  every  axis 
parallel  to  a  given  straight  line:  7th.  The  propagation  of 
plane  waves  in  transparent  bodies. 

The  consequences  have  been  furtlier  followed  out  by  the 
author  in  other  memoirs  published  since. 

In  the  second  volume  of  the  Comptes  Rendus^  1836  (1st 
semestre),  p.  365,  M.  Cauchy  has  observed  that  the  intensity 
of  the  light  penetrating  to  a  small  depth  x  in  the  interior  of 
an  opake  body,  decreases  in  proportion  to  a  negative  expo- 
nential of  the  form  t-**. 

Exponentials  of  the  same  kind  are  found  entering  into 
many  of  the  formulae  included  in  the  memoir  of  August  1836 ; 
and  setting  out  from  these  formulae,  he  shows  (p.  84  of  that 
memoir)  how  in  a  coloured  glass  the  thickness  necessary  to 
produce  the  extinction  of  a  luminous  ray  may  vary  with  the 
nature  of  the  colour. 
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Among  the  fonnulffi  of  §  7.  we  may  distingiiisli  the  equa- 
tions (44.)  (9.)  and  (51.),  from  which  follow  (as  the  aathor 
observes,  p.  95)  the  laws  of  rectilinear,  circular  and  elliptic 
polarization ;  and  it  may  be  remarked  that  the  equation  (9.), 
relative  to  a  transparent  medium,  viz. 

?  =  A  cos  (A:«— 5/+X)      1}  =  B  cos  (A«— 5^+ft) 
5  =  Ccos  {tz-^st+v) 

is  deduced  from  the  general  equations  which  represent  the 
infinitely  small  motions  of  a  system  of  molecules  that  is  from 
the  equations  (16.)  of  the  memoir  on  Dispersion,  for  obtaininff 
which  the  author  has  made  no  particular  assumption,  and 
has  no  occasion  to  make  any  term  vanish.  He  also  observes 
(p.  8S)  that  we  cannot  in  general  reduce  the  equations  (9.) 
to  those  which  represent  rectilinear  polarization,  and  in  wluch 
A»  Ab  y  are  eq[ual. 

The  equations  (16.)  of  the  memoir  on  the  Dispersion  are 
the  differential  equations  of  motion  in  their  most  general 
form,  corresponding  to  those  of  art.  59.  in  my  tract. 

The  reader  will  immediately  perceive  the  relation  which 
these  researches  bear  to  the  general  subject.  These  last  re- 
sults accord  exactly  with  mine  obtained  by  a  different  method* 
as  well  as  with  those  of  the  late  Mr.  Tovey,  by  whose  recent 
death  the  sci^ice  of  this  country  has  sustained  so  great  a 
loss. 

Oxford,  Oct  3, 184). 

LIV.  Results  of  some  Experiments  in  Electricity  and  Mag- 
netism.  By  William  Petrie,  Esq.^ 

2b  the  Editors  of  the  Philosophical  Magazine  and  Journal* 

Gentlemen, 

"DEING  desirous  of  obtaining  certain  information  relating  to 
^^  electricity  and  magnetism,  which  I  failed  to  find  in  varu>us 
works  on  these  subjects  at  the  time  published,  I  was  induced 
to  make  experiments,  from  which  the  following  are  the  con- 
cise statements,  showing  the  results,  and  which  may,  perhaps, 
possess  sufficient  interest  to  find  a  place  in  your  Journal. 

It  is  oommouly  stated,  as  by  Lenz,  that  the  conducting 
power  of  wires  varies  as  the  section,  and  inversely  as  the 
length;  but  this  only  refers  to  a  particular  case,  namely, 
when  the  amount  of  electricity  which  the  battery  can  circulate 
when  the  current  is  quite  unimpeded  (such  as  when  the  cir- 
cuit is  made  with  a  very  short  thick  wire),  is  very  great  com- 

*  Communicated  by  the  Author. 
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pared  with  what  does  pass,  on  accoant  of  the  great  lengdi 
and  small  section  of  the  wire  experimented  with. 

Adopting,  for  brevity^  the  following  notation : — 

L  =:  length  of  wire* 

S  =  sectional  area  of  wire. 

n   =  a  multiple,  or  simply  a  number. 

Q  =  quantity  of  electricity  which  the  battery  can  circu- 
late, when  the  passage  of  the  current  is  quite  unimpeded ; 
that  is,  the  absolute  power  of  the  battery. 

g  =:  that  portion  of  Q,  which  passes  through  the  wire  ex- 
perimented with,  when  it  is  included  in  the  circuit. 

e  ss  a  constant,  while  L  and  S  are  constant;  being  1, 
when  such  a  measure  is  taken  for  Q,  that,  on  Q  being  re- 
duced to  1,  ;  s  •^. 

My  object  has  been  to  obtain  the  law  of  conduction,  giving 
the  values  of  a  for  all  values  of  Q  as  well  as  of  L  and  & 
In  a  wire  of  constant  L  and  S,  by  varying  Q,  I  find 

?  =  /~Q     (formula  A). 

The  Quantity  (q)  of  electricity  which  (from  a  given  Q)  will 
pass  tnrough  a  length  L,  may  be  considered  as  a  new  avails 
able  quantity^  or  Q,  for  passing  through  another  piece  of  wire 
afterwards  included  in  the  circuit  *•  Hence  for  a  wire  of  con- 
stant S  and  of  nx  the  length  of  another,  we  have  (from 
formula  A)  the  new 

^  =  i^r^^^Te^-KQ^  ^^'  thenewj  =  j^^-^^^  .  .  .  (B 

When  a  copper  wir^  having  S  =  y^^  square  inch,  and 
L  =  58  feet,  completes  the  circuit  of  a  batterv  in  such  ac- 
don,  that  Q  is  equal  to  the  electricity  circulatea  by  the  com- 
bination of  0*1  grain  of  pure  zinc  per  second,  then  q  was 
found  to  be  \  Q,  or  the  electricity  arising  from  the  combina- 
tion of  0*05  grain  of  zinc  per  second. 

Now  by  applying  this  numerical  datum,  and  the  fact  that 
increasing  S  ana  Q  together  increases  q  in  the  same  ratio,  by 
applying  this  to  the  above  formula  B,  and  reckoning  L  in 
feet,  S  m  square  inches  or  fractional  parts  of  a  square  inch, 
and  representing  Q  and  q  by  crains  of  zinc  used  per  second, 
we  may  deduce  the  following  rormulas : — 

L=  580.  S,^^, 

*  ThiB  reasoning  will  equally  apply  although  the  electric  influence  be 
propagated  by  vibritions  in  any  medium,  or  even  by  an^  simultaneous  af- 
fection or  change  of  state  in  the  particles  of  the  conducting  substance,  but 
the  convenient  analogy  of  a  current  renders  the  subject  much  dearer. 
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Q  =  580 .  S . 


580.S-L.J' 

O 

a  =  580  .  S  .  ^o^    o     T     1^  * 
^  580.S+L.Q 

which  appears  to  accord  with  some  results  arrived  at  by 
Ohm,  which  I  have  subsequently  seen ;  though  he  has  not 
deduced  formulae  of  quite  the  same  nature. 

These  formulas  are  useful  to  solve  many  practical  questionsy 
such  for  instance  as  relating  to  the  size  of  conducting  wires, 
and  power  of  batteries  necessary  to  transmit  a  given  quantity  of 
electricity  through  a  given  distance,  as  in  telegraphy ;  and  in 
determining  the  ratio  of  the  section  to  the  length  of  helix 
wires  in  forming  electro-magnets  of  various  dimensions  and 
proportions,  so  as  to  obtain  a  maximum  of  effect,  which  de- 
pends chiefly  on  the  number  of  coils  x  the  quantity  of  elec- 
tricity in  circulation. 

The  constant  580  in  the  formulae  applies  only  to  copper 
wire  unannealed ;  to  adapt  the  formulae  to  difrerent  metals 
we  must  vary  the  constant  in  the  direct  ratio  of  their  con- 
ducting powers.  The  above  calculations  and  experiments 
refer  only  to  electricity  of  the  intensity  of  a  single  cell  of 
Daniell's  constant  battery.  It  is  probable  (judging  from  an 
experiment  with  electricity  ottooo  cells'  intensity)  that  an  in- 
crease in  the  intensity  has  the  same  effect  on  the  transmission 
of  the  electricity,  as  a  proportionate  increase  in  the  conduct- 
ing power  of  the  wire,  as  Ohm  had  previously  deduced. 

The  ordinary  form  of  galvanometer,  by  the  deflection  of  the 
needle  in  a  helix  placed  so  as  to  be  in  the  magnetic  meridian, 
cannot  determine  the  comparative  amounts  of  two  currents 
of  electricity  by  any  calculation  from  the  degrees  of  deflec- 
tion, unless  previous  data  be  obtained  by  other  experiments, 
as  the  amount  of  deflective  force  exerted  by  any  given  cur- 
rent at  different  arcs  of  deflection  (when  balanced  by  ter- 

*  I'hese  formulas  were  tested  by  the  following  experiments : — ^A  length 
of  copper  wire  (220  feet)  was  led  about  a  room,  double,  that  is,  the  re- 
turning half  running  close  and  parallel  to  the  other  part  of  the  wire  with- 
out touching :  the  doubled  wire  dipped  into  pairs  of  mercury  cups  at  cer- 
tain intervals ;  any  of  these  could  be  connected  or  disconnected  in  an  in» 
stant,  by  inserting  or  removing  a  bit  of  connecting  wire,  and  thus  the 
current  was  transmitted  through  various  lengths  of  wire  successively.  The 
power  of  the  battery  was  also  varied  by  increasing  the  number  of  umted 
cells,  or  diminishing  the  strength  of  the  acid.  A  magnet  galvanometer, 
included  in  the  circuit,  showed  the  quantity  of  electricity  passing,  either 
through  the  wire  or  without  it. 
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restrial  magnetism)  is  not  as  the  tangents  of  these  arcs^  as 
would  be  the  case  if  the  deflective  action  of  the  helix  on  the 
poles  of  the  needle  were  constant,  for  all  positions  of  the 
needle,  in  amount  as  well  as  direction ;  but  depends  on  the 
shape  of  the  helix  and  the  proportional  length  of  the  magnet 
placed  within ;  because  the  action  depends  on  the  law,  that 
every  portion  of  an  electric  airrent  constantly  tends  to  deflect  a 
magnetic  pole^  in  a  direction  at  a  right  angle  to  the  current  it- 
self ^  and  also  at  a  right  angle  to  the  straight  linejrom  that  pole 
to  the  current^  and  with  a/orce  inversely  as  the  square  of  the 
distance  of  the  pole  from  that  portion  of  the  airrent. 

In  the  case  of  a  square  helix  and  a  magnet  nine-tenths  of 
the  average  exterior  and  interior  length  of  a  side  of  the  helix, 
the  tangential  force  arising  from  the  deflection  by  the  helix 
varies  with  the  angle  of  deflection,  as  here  stated. 


Degrees  of  the  arc 

Tangendali^de-    1 

flective  force  j 


5<» 
0-74 


10» 
0*56 


2(P 
0-36 


30° 
0-^36 


450 
0112 


70° 
002 


90° 
0-00 


I  found  a  useful  and  accurate  form  of  galvanometer  for 
measuring  and  comparing  the  power  of  galvanic  batteries,  or 
currents  which  are  not  very  feeble,  to  be,  a  helix  and  a  thin 
flat  magnet,  so  placed  on  an  axis  as  to  be  deflected  vertically 
when  a  current  is  transmitted,  and  weights  applied  in  any 
way  so  as  to  retain  the  magnet  in  a  horizontal  position :  the 
weights  should  act  not  far  from  the  axis,  so  as  to  make  the 
deflecting  force  more  sensible  by  its  greater  leverage.  The 
helix  wire  should  be  thick  and  as  short  as  possible ;  three  coils 
are  enough,  so  as  not  to  impede  the  current  to  be  measured. 

One  cell  on  Daniell's  constant  principle,  one  foot  high,  and 
two  inches  and  a  half  broad,  with  a  zinc  rod  inserted  nine 
inches  in  the  liquid,  and  charged  with  a  strone  solution  of 
sulphate  of  copper,  and  7  X  diluted  ordinary  sulphuric  acid, 
at  about  65°  of  Fahrenheit,  and  witli  the  circuit  quite  com- 
pleted, evolves  a  quantity  of  electricity  due  to  the  consump- 
tion of  0*04  grain  of  zinc  per  second.  For  cells  of  such  a 
size,  cylinders  of  wood  prepared  as  in  Mullins's  battery  can 
easily  be  turned  less  than  one-tenth  of  an  inch  thick  and  ten 
inches  long;  they  do  not  appear  to  impede  the  current  much 
more  than  the  gut  used  by  Daniell,  and  are  more  durable  and 
easv  to  manage. 

When  the  cells  are  near  32^  temperature  the  sulphate  of 
zinc  as  it  is  formed  consolidates  on  the  zinc  rod ;  although  the 
zinc  be  well  amalgamated  and  quite  pure,  and  the  solution 
quite  fresh,  the  electric  current  acts  by  starts  instead  of  being 
perfectly  uniform,  as  it  is  at  60°  or  even  at  50^. 
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Experiments  on  the  Shape  qfMagnett. 
Eight  steel  bars  were  made  of  nearly  the  same  hardness 
and  quality,  being  six  inches  long,  half  an  inch  broad,  and  of 
various  thicknesses,  from  0*5  inch  to  0*02 ;  they  were  all 
magneti»sd  by  the  single  touch,  being  repeated  until  they 
would  beoome  no  stronger;  the  power  was  measured  by  tfaie 
force  exerted  at  the  extremity  to  turn  into  the  magnetic  meri- 
dian, when  placed  at  right  angles  to  it ;  thb  force,  which  we 
will  call  y*ft,  was  ascertained  by  calcuhoion  from  the  formula 

"^W  being  the  magnet's  weight 
N  its  number  of  single  vibrations  per 

minute. 
L  the  total  length  of  the  magnet  in 

inches. 

The  fn  of  all  these  magnets  was  the  same^  within  the  errora 
of  experiment.  Similar  experiments  were  made  with  steel 
bars  of  18,  6  and  2  inches  in  length,  all  being  0*5  inch  broad ; 
the  fn  of  each  was  in  the  ex€u:t  ratio  of  their  lengthy  as  was 
partially  ascertained  by  Captain  Kater*  and  Coulomb. 

Similar  experiments  were  made  with  bars  of  S,  0*5  and 
0*25  inches  in  breadth,  all  being  six  inches  long;  the  ratio  of 
theiry*n  was  nearest  Uiat  of  the  square  root  (f  the  breadth 
(the  smallest  being  too  strong  and  the  largest  too  weak ; 
probably  the  ratio  of  the  square  roots  would  have  been  cor- 
rect had  each  been  rubbed  with  a  magnet  of  corresponding 
breadth). 

Similar  experiments  were  made  with  bars  of  0*5,  0*25  and 
0*15  inch  square^  all  being  six  inches  long;  the  ratio  of  their 
fn  was  between  that  of  the  square  and  cube  root  of  the 
breadth  of  their  sides,  being  nearest  the  square  root. 

The  relativey*n  of  magnets  of  the  accompanying  forms^  is 
as  follows :  their  length  was  four  inches,  and  breadth  0*8. 


They  were  magnetized  in  the 
direction  of  the  shade  lines. 


"Effect  of  approxiffuUing  Magnets. 

Two  bar  magnets,  six  inches  lon^,  0*5  inch  broadband  0*05 
inch  thick,  were  placed  parallel  witii  similar  poles  adjacent 
flatwise,  one  over  the  other  at  various  distances,  and  their 
magnetic  power  ascertained  by  vibrations,  according  to  the 

[*  Capt  Rater's  paper  on  this  subject  will  be  found  in  Fhil.  Magi,  vol. 
lix.  p.  359.— Eon.] 
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preceding  formula;    their  power 
proaoheo,  in  the  ratio  here  snown : 

diminbhed  as 

they  ap- 

Dittance  of  mwnett  wMrt. 

Mienetie  DowoL 

incbM. 

/«. 

Infinite 

■  »• 

••» 

1* 

8* 

••• 

0-970 

V 

••• 

0-907 

0*8 

••• 

0-885 

0-5 

••• 

0-844 

0-4 

••• 

0-825 

OS 

••• 

0-798 

0*2 

••• 

0-765 

0*16 

••■ 

0-74 

01 

••« 

«M 

©•725 

0-05 

A*» 

••• 

0-7. 

Bat  the  loss  was  ovlf  temporary,  as  .they  recovered  their 
former  power  immediately  that  they  were  separated.  [Their 
distances  apart  are  reckoned  from  the  middle  of  the  thickness 
of  each ;  so  that  when  they  are  said  to  be  at  a  distance  0*05, 
they  are  in  actual  contact] 

A  number  of  hardened  steel  sheet  magnets,  8  inches  long, 
0-8  wide,  and  about  0*03  thick,  were  placed  in  a  light  frame- 
work of  wood,  one  over  another  at  equal  distances,  as  in  the 
preceding  experiment,  and  the  whole  mass  slung  by  a  thread 
of  parallel  silk  fibres,  and  the  magnetic  power  ascertained  by 
vibrations;  this  pile  of  magnets  was  kept  one  foot  high  by 
using  fewer  magnets  when  they  were  placed  further  apart*. 
The  power  of  each  individual  magnet  was  diminished  as  they 
approached^  in  the  ratio  here  shown : — 

Distance  of  maenets  apart.         Magnetic  power, 
inch,^  ffu 

Infinite  •••     •••        1* 

1*         0*95 

0*8       0*93 

0*5       0*83 

0*4       0'78 

0*3        .a,     ...  0*7 

0*2       0*6 

0*15     •••     •••         0*52 

0*1       0*42 

0*05     0*28 1» 

*  Only  forty.eiffht  magnets  were  used ;  therefore,  when  they  were  placed 
▼eiy  close,  the  pile  could  not  be  made  one  foot  high:  but  the  efibct  of 
incroising  the  height  of  the  pile,  the  distance  between  the  magneto  re- 
maining the  same,  was  ascertained;  and  so  the  effect  of  a  pile  one  foot 
high  was  calculated  from  experiments  with  one  of  a  less  height. 

t  The  resulto  given  in  the  second  column,  are  always  comparative  with 
the  i^gr^gate  power  of  the  same  magnets  when  placed  far  apart. 
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But  it  is  very  trying  to  have  two-thirds  of  the  magnetic  power 
temporarily  suppressed  by  mutual  proximity,  and  they  would 
probably  soon  lose  permanently  a  portion  of  it  by  any  slight 
concussion. 

The  experiments  were  gone  over  three  times,  and  the  mean 
results  taken.  The  magnets  were  placed  at  their  closest  di- 
stance before  beginning,  so  that  further  permanent  loss  of 
magnetism  might  not  take  place  during  the  experiments.  I 
believe  the  third  place  of  decimals  in  the  first  table  cannot  be 
trusted. 

From  the  foregoing  table  and  observation  following,  it  ap- 
pears that  power  is  not  gained  by  too  great  an  approximation 
of  plates  of  a  compound  magnet,  and  the  thinner  the  plates 
the  better. 

W.  P£TRIE. 


LV,    On  a  Theorem  given  in  the  Philosophical  Magazine  Jbr 
August. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 

THE  <<  new  theorem"  which  is  applied  in  the  August  Nusi^ 
ber  of  your  Magazine  to  determine  the  development  of 
cos  ft  d  in  descending  powers  of  cos  d,  may  be  at  once  deduced 
from  one  of  the  ftindamental  formula  in  finite  differences,  as 
follows : — the  formula  referred  to  is 

or  (-1)    A*  u^  =  Mjp  —  fittx4-A  +-J— 2"  w*-l-2A  —  «c., 

where  u,  is  any  function  of  a?,  and  A  =  A  ^. 

Now  let  Uj^beot  m  dimensions  in  ar,  and  =  (a— x)  (i— *) 

(c— x)  •••  (/— x),  then  it  is  evident,  that  if  n  >  m.  A"  t/«  =0 

In  this  equation  put  x  =  0, 

...  0  =  Uo-^H  H-  "—^  .  t^2A  -&c., 

which  is  the  theorem  to  be  proved. 

With  respect  to  the  use  of  this  theorem  in  expanding  cos  n  6 
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according  to  descending  powers  of  cos  0  (where  n  is  a  posi- 
tive integer),  it  seems  extremely  doubtful  whether  anything 
would  be  gained  by  its  introduction  in  an  elementary  work ; 
the  method  given  in  the  ordinary  treatises  on  trigonometry 
depending  on  the  logarithmic  series,  is  on  every  account  pre- 
ferable. 

In  the  same  article  in  your  Number  for  August  there  is  given 
a  proof  thitf  ^"  a;«  =  0  when  m  <  n. 

If  the  author  of  it  will  only  turn  to  art.  885  in  Lacroix,  I 
am  convinced  that  he  will  regret  having  offered  his  new  de- 
monstration. Believe  me,  yours  sincerely, 

Trinity  Coll^,  Cambridge,  J*  E* 

Aug.  24,  1841. 

LVI.  On  a  Mode  of  deducing  the  Equation  of  Fresnel's  Wave. 
By  Sir  William  Rowan  .Hamilton,  LL.D.^  P.R.LA,^ 
Member  of  several  Scientific  Societies  at  Home  and  Abroad^ 
Professor  of  Astronomy  in  the  University  of  DubUn^  and 
Royal  Astronomer  of  Ireland*. 

npHE  following  does  not  pretend  to  be  the  best^  but  merely 
-*  to  be  one  way,  of  deducing  the  known  equation  of  Fres- 
nel's  wave,  from  a  known  geometrical  construction.  It  re- 
Quires  only  the  first  principles  of  the  application  of  algebra  to 
the  geometry  of  three  dimensions,  and  does  not  introduce  any 
ol*  the  geometrical  properties  of  the  auxiliary  ellipsoid  em- 
ployed, except  those  which  are  immediately  suggested  by  the 
equation  of  that  ellipsoid.  It  has,  therefore,  in  the  algebraical 
point  of  view,  a  certain  degree  of  directness,  although  it  might 
be  rendered  easier  and  shorter  by  borrowing  more  largely 
from  geometry. 

1.  The  known  construction  referred  to  is  thus  enunciated 
by  Sir  John  Herschel,  in  his  Treatise  on  lights  Encyclopedia 
Metropolitana^  article  1017.  *^  M.  Fresnel  gives  the  fol- 
lowing simple  construction  for  the  curve  surface  bounding 
the  wave  in  the  case  of  unequal  axes,  which  establishes  an 
immediate  relation  between  the  length  and  direction  of  its 
radii.  Conceive  an  ellipsoid  having  the  same  semiaxes  a,  6, 
c;  and  having  cut  it  by  any  diametral  plane,  draw  perpen- 
dicular to  this  plane  from  the  centre  two  lines,  one  equal  to 
the  greatest,  and  the  other  to  the  least  radius  vector  of  the 
section.  The  loci  of  the  extremities  of  these  perpendiculars 
will  be  the  surfaces  of  the  ordinary  and  extraordinary  waves.'' 

2.  The  coordinates  of  the  wave  being  xy  z^  and  those  of 
the  ellipsoid  X  Y  Z,  we  have  the  six  equations, 

*  Communicated  by  the  Author. 
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XdX      YdY.ZdZ  .. 

— ^r-  +  —^  +  -?-  -  0,    .    .      (S.) 

xX+yY  +  zZ  =  0, (8.) 

xdX+ydY  +  xdZeiO,     .    .    .    (4.) 
XdX+YdY  +  ZdZmO,  ,  .    .    (6.) 
*«+y«  +  ;^=X«  +  Y«  +  Z»;    .    .    .    .    (6.) 
between  which  we  are  to  eliminate  X,  Y,  %  and  the  ratios  of 
their  differentials. 
S.  .The  equations  (1.)  and  (2.)  are  satisfied  by  assuming 
X  =  a  sin  d  cos  (^,  Y  =  £  sin  d  sin  <^,  Z  =  c  cos  d ;    (7.) 
and  then  the  equation  (3.)  g^ves 

taxkO  =  TTT ^"^ ;      .    .     •    .      (8.) 

a xcos  ^  -^  by  sm^  ^    ' 

while  the  comparison  of  the  two  values  of  tan  d -^7^  deduced 

from  (4.)  and  (5.)9  gives 

gjrcos^+ftysin^— cartang  _;a^C09^^-|-y  sin^^'^c'^     /q  \ 

ax  sin  ^ --6^ cos  ^  (a*— A*)  sin ^  cos  ^     *     ^ 

and  the  equation  (6.)  becomes 

(a?* +/+«*)  (I  +  tan^)  =  (a«cos<>«+i2sin<j>«)  tan^+c«.  (10.) 
It  remains  therefore  to  eliminate  d  and  ^  between  the  three 
equations  (8.)  (9.)  (10.)* 

4*.  Substituting  for  tan  6^  in  (9.)  and  (lO.)f  its  value  givoi 
by  (8.),  we  easily  obtain 

Atan  <f^+B  cotan  ^  s  C; (L) 

A'tancf^  +  B'cotan^  a  C; (IL) 

if  we  put  for  abridgement 

A  =3  (c:*— fi")  a  hxy\ 
B  =  (fl*— c*)  ahxy\ 
C  =  (6«-c«)  a«ar«  +  (c«-a«)iV+(«^-«*)^«*; 

A'  =  /^(4«3^+c**«)  -  c^i»(j^+^); 

And  elimhiating  <^  between  the  equations  (L)  and  (II.)»  we 
find: 

(AB'-A'B)«+(Aa-A'C)  (BC'-FC)  =  0;  (UL) 
a  form  for  the  equation  of  the  wavcy  which  we  have  now  only 
to  develope  and  depress. 
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5.  Expanding  it  first  under  the  form 

in  which  Wg,  Wio»  W,j  are,  respectively,  homogeneous  funo- 
tioiM  of  X,  y,  Zf  of  the  8th,  10th,  and  12th  dimensions,  we 
soon  discover  that  these  three  functions  have  a  common  factor, 
of  the  8th  dimension,  namely,  c^^r^r^  R^  in  which 

C  having  the  same  meaning  as  in  (I.))  so  that 

R«  >  0,  if  c:«  >  J*  >  a«,  or  if  c«  <  i«  <  a\ 
conditions  which  we  may  suppose  to  be  satisfied.   And  reject- 
ing, as  evidently  foreign  to  tne  question,  tliis  common  factor 
^x^r^RS  the  known  equation  of  the  wave  results,  under  the 
form 

Wo  +  ^i  +  «4  =  0,     (IV.) 

in  which  t^  ss  a^  d^  ^, 

6.  The  foregoing  investigation  is  taken  from  a  manuscript 
Report  which!  had  the  honour  of  drawing  up  in  July  1890, 
when,  in  conjunction  with  the  late  and  present  Provosts  of 
Trinity  College,  Dublin,  I  was  appointed  to  examine  the  first 
communication  of  Professor  MacCullaeh  to  the  Roj^al  Irish 
Academy,  since  published  in  the  second  part  of  the  sixteenth 
volume  of  the  Transactions  of  that  body.  A  far  more  con- 
cise and  elegdnt  deduction  of  the  same  known  equation  of  the 
wave  from  the  same  geometrical  construction,  depending, 
however,  a  little  more  on  the  geometrical  properties  of  the 
cJlipsoid,  has  since  been  communicated  by  Professor  Mac- 
Cullagh  himself,  and  is  published  in  the  second  part  of  the 
seventeenth  volume  of  the  Transactions  of  the  same  Academy. 
Others  have  published  other  demonstrations. 

My  own  mode  of  deducing  the  equation  of  the  wave  from 
the  principles  of  Fresnel,  without  any  reference  to  the  ellip- 
soid above  referred  to^  may  be  seen  in  the  <  Third  Supple- 
ment' to  my  Theory  of  Systems  of  Rays  contained  in  tihe  first 
part  of  the  last-mentioned  volume. 

Observatory  of  Trinity  College,  Dublin^ 
October  I3»  1841. 

P.S.  Since  writing  out  and  sending  off  the  foregoing  paper,  I  have  had 
opportunity  to  refer  to  Fresners  own  deduction  of  the'samc  equation  of 
his  wave  from  the  same  geometrical  construction,  entitled  "  Calcul  tr^ 
simple  qui  conduit  de  1' ^nation  d'un  ellipsolde  a  celie  de  la  surface  des 
ondes.'*  iMhn.  de  PAcatL  tU$  Sci.  de  PInst,  Bovale  de  France^  torn,  vii^ 
page  137.)  It  is  much  simpler  than  mine,  and  nearly  coincident  with 
that  of  Professor  MacCuUagh|but  seems  to  have  been  overlooked  liy  both 
of  us. 
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LVII.  Remarks  on  M.  Mossotti's  Theory  of  Molecular 

Action^. 

QOME  years  since  a  paper  by  M.  Mossotti,  on  the  forces 
^  which  regulate  the  internal  constitution  of  bodies,  at- 
tracted a  good  deal  of  attention  among  scientific  men.  A 
translation  of  it  appeared  in  the  third  part  of  the  *  Scientific 
Memoirs/  The  author's  object  was  to  develope  the  views  of 
Franklin  and  iBpinus  with  respect  to  electricity.  It  is  well 
known,  that  in  the  form  which  the  latter  of  these  philosophers 
gave  to  the  single  fluid  hypothesis,  a  mutual  repulsion  is  sup- 
posed to  exist  among  the  material  molecules  of  which  bodies 
are  composed,  as  well  as  among  the  particles  of  the  electrical 
cether ;  while  these  particles  are  supposed  to  be  attracted  by 
the  material  molecules.  Assuming  that  all  the  forces  required 
by  the  hypothesis  vary  directly  as  the  mass  and  inversely  as 
the  square  of  the  distance,  is  it  possible  to  establish  stable 
equilibrium  among  the  molecules  of  which  bodies  are  com- 
posed ?  This  is  the  question  which  M.  Mossotti  proposed  to 
determine. 

A  priori^  stable  equilibrium  certainly  appears  to  be  possi- 
ble ;  for,  as  the  author  remarks,  if  the  molecules  of  matter  sur- 
rounded by  their  atmospheres  attract  each  other  when  at  a 
distance,  and  exercise  a  repulsive  force  when  brought  nearer 
together,  there  must  be  some  intermediate  position  of  stable 
e(]uilibrium.  But  although  M.  Mossotti's  general  view  may 
be  correct,  I  believe  it  will  be  found  that  his  analysis  is  erro- 
neous. As  the  subject  of  molecular  attraction  possesses  at  the 
present  day  a  good  deal  of  interest,  I  trust  that  I  may  be  per- 
mitted to  develope  at  some  little  length  my  objections  to  M. 
Mossotti's  investigation.  For  this  purpose  it  will  be  neces- 
sary to  follow  his  analysis  as  far  as  tne  reduction  of  the  pro- 
blem to  equations. 

Lety*  be  the  coefficient  of  the  repulsion  between  any  two 
atoms  of  the  asther ;  g  the  coefficient  of  the  attraction  between 
an  atom  of  the  asther  and  a  material  molecule ;  and  y  the  co- 
efficient of  the  repulsion  between  two  material  molecules. 

Again,  let  q  be  the  density  of  the  asther  at  a  point  x  y  z^ 
and  « the  elastic  force  or  pressure  at  the  same  point,  referred 
to  the  superficial  unit.  Let  ^  be  the  density  at  a  point  ^i^J^ 
of  a  molecule  supposed  to  be  of  certain  though  very  small  di- 
mensions. 

All  the  forces  of  the  system  may  be  represented  by  the 
partial  differential  coefficients  of  the  followmg  definite  inte- 
grals:— 

*  Communicated  by  the  Author. 
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'  ~JJJ  {(*»-*)• + (y -^)« + {«'-«)«}4' 

O _  /»/V gxdgdiidC 

4»  =  r/T  g'jdJdjfd,! 

JJJ  {{!^  _  f)«  +  (y*  -  ,)«  +  («'  -  $)«}*' 

r, = rrr       y-^^dj^d^^dt, 

^*^-^  { (5r  -  ^' +  ("r  -  ")' +  (?r  -  ?)'}* 
(y  subscript  refers  to  the  5th  molecule). 

These  int^rals  being  taken  between  suitable  limits,  we  have 
for  the  equilibrium  of  Uie  aether  the  equations 

dx  ^  dx  dx 

df  ciF   .     ^dG 


dy  dy       ^     dy 


(!•) 


dz  ^dz    '  '"  dz 

and  for  that  of  the  centre  of  gravity  of  a  molecule, 

ff.d^dx^^fff.^^did^dK 


rfr„ 


dl 


,^d(d,di; 


-^JXf'dT''^^'""' 


^-j^dldy^d^ 


(2.) 


In  both  these  systems  of  equations  S  refers  to  the  various 
molecules  whose  equilibrium  we  are  considering ;  in  ( 1 .)  it 
extends  to  all  the  molecules ;  in  (2.)  to  all  but  one. 

The  double  integrals  in  (2.)  are  to  be  extended  to  the  whole 
surface  of  the  mmecule  under  consideration,  and  the  triple 
integrals  to  its  whole  volume.  Such  are  M.  M ossotti's  equa* 
tions.  Let  us  begin  by  examining  the  meaning  of  the  several 
terms  of  those  of  Uie  second  system.     The  last  terms  of  these 

Phil.  Mag.  S.  3.  Vol.  19.  No.  125.  Nao.  1841.        2  C 
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three  equations  represent  the  total  actions  (respectively  par- 
allel to  the  axes  of  co-ordinates)  exerted  by  all  the  molecules 
of  the  system  but  Qne,  upon  that  one.  Consequently  the 
other  six  terms  must  refer  to  the  action  of  the  aether  upon  the 
molecule  under  consideration.  Accordingly  the  second  terras 
express  the  attraction  (according  to  the  assumed  law  of  the  in- 
verse square  of  the  distance)  exerted  l)y  the  whole  body  of 
sether  upon  the  molecule  in  question,  fiut  this,  according  to 
the  hypothesis,  comprises  the  whole  action  of  the  asther  upon 
the  molecule.  What  then  do  the  first  terms  represent? 
They  represent  the  components  parallel  to  the  axes  of  the 
total  pressure  exerted  by  the  sether  over  the  surface  of  the 
molecule.  Hence  it  appears  that  the  idea  of  fluid  pressure 
enters  into  the  formation  of  our  equations.  But,  on  the 
molecular  hypothesis  of  the  constitution  of  bodies,  what  is 
fluid  pressure  but  a  form  of  molecular  action  ?  Hence  the 
first  terms  of  our  equations,  as  well  as  the  second,  refer  to 
molecular  action  between  the  ffither  and  the  material  particles. 
We  are  thus  reduced  to  the  following  alternative :— ^either  the 
molecular  action  expressed  in  the  first  terms  is  included  in 
that  expressed  in  the  second,  in  which  case  the  first  terms 
are  superfluous,  and  the  equations  are  incorrect ;  or,  beside 
the  forces  given  in  the  hypothesis^  we  must  take  into  account 
certain  other  forces,  whose  nature  is  wholly  unknown,  namely, 
those  by  which  the  pressure  on  the  molecules  is  produced. 
As  the  object  of  the  hypothesis  from  which  we  set  out  is  to 
explain  the  nature  of  molecular  action,  it  is  clear  that  we  are 
not  at  liberty  to  introduce  the  agency  of  unknown  molecular 
forces.  Thus  the  only  conclusion  we  can  adopt  b  that  M. 
Mossotti's  second  system  of  equations  is  not  in  accordance 
with  his  hypothesis,  and  that  the  latter  does  not  admit  of  be- 
ing modified  so  as  to  produce  an  agreement.  Let  us  now 
examine  the  first  system  of  equations,  those,  namely,  which 
refer  to  the  equilibrium  of  the  aether.  They  are,  in  reality, 
only  the  ordinary  equations  of  fluid  equilibrium,  which  are 
generally  put  in  the  following  form  :-^ 

^  =  pX^  =  pY§P  =  pZ (S.) 

da:  dj/      ^      dz 

where  p  is  what  M.  Mossotti  denotes  by  i ;  p  is  equivalent  to 
his  q^  and  X^  Y»  Z,  are  the  forces  impressed  upon  the  fluid. 
If  we  consider  with  some  degree  of  attention  the  signification 
of  these  equations,  we  shall  find  that  they  express  the  conditions 
of  the  equilibrium  of  an  element  of  the  fluid,  taken  as  a  con* 
tinuous  mass.  The  circumstances  under  which  we  are  justi- 
fied  in  considering  a  congeries  of  molecules  as  a  continuous 
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mass,  are  well  known,  and  need  not  here  be  discussed.  To 
retam,  the  equilibrium  of  the  element  dx  dy  dz  of  the  fluid 
is  maintained  by  the  respecUve  equality  of  the  impressed 
moving  forces  yipdxdydz^Ypdxdt/dz^  Z  p  dx  dt/  dzj 
to  the  differences  of  pressure  over  the  opposite  faces  of  the 

element,  or  to-£ dx .dydz;--^ dy.dzdxi  and  -£-dz.dx 
dx  ^        dy  da 

dy»  Now  this  pressure  is  nothing  but  the  result  of  molecular 
action  between  contiguous  particles.  Hence  it  is  clear  that 
the  expressions  X.  Y.  Z  do  not  include  aU  the  forces  which 
act  upon  the  jparticles  of  the  fluid :  they  exclude  precisely 
the  molecular  forces. 

But  if  we  examine  the  terms  on  the  right*hand  side  of(l.)» 
we  shall  find  that  they  include  all  the  forces,  of  whatever 
kind,  which  act  upon  the  particles  of  the  asther.  The  con- 
clusion from  this  is  obvious,  and  coincides  with  that  which  we 
derived  from  the  consideration  of  (2.). 

In  fiict  the  errors  in  both  cases  arise  from  the  same  source^ 
namely,  that  after  considering  explicitly  all  the  forces  of  the 
svstem,  the  author  introduces  the  idea  of  fluid  pressure,  itself 
the  result  of  a  particular  mode  of  molecular  action. 

If  this  were  a  question  to  be  decided  by  a  reference  to  au* 
thority,  we  might  remark,  that  in  the  various  memoirs  which 
have  of  late  years  been  published  on  the  molecular  view  of  the 
undulatory  theory  of  light,  the  luminiferous  aether  is  con* 
sidered  simply  as  a  congeries  of  molecules ;  and  further^  that 
where,  as  in  a  memoir  by  Poisson,  in  those  of  the  Institute  for 
1830,  and  in  some  of  Cauchy's,  the  pressure  of  fluids  or  the 
tension  of  solids  is  introduced  in  connexion  with  molecular 
action^  they  appear  as  results  derived  from  it,  and  not  as  co-or- 
dinate principles. 

The  preceding  observations  contain  little  that  is  not  familiar 
to  most  of  those  who  take  any  interest  in  mathematical  phy* 
sics,  but  perhaps  the  celebrity  of  M.  Mossotti's  mem<Hr  may 
give  them  some  degree  of  interest,  and  at  any  rate  they  may 
serve  to  point  out  the  necessity  of  distinct  views  of  the  connex- 
ion between  the  theory  of  molecular  action  and  the  ordinary 
principles  of  equilibrium. 

R.  L.E. 

September  24,  1S41. 
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LVIII.  Some  Observations  on  Dr.  Brett  and  Mr.  Smith's 
Experiments  on  the  alleged  Conversion  of  Carbon  into  Si'- 
licon*.    By  Dr.  Samuel  M.  Brown. 

To  Richard  Phillips^  Esq. 
Sib, 
A  S  Dr.  Brett  and  Mr.  Smith  have  made  the  Philosophical 
-^  Magazine  the  medium  of  publication  for  their  "Experi- 
ments on  the  alleged  Conversion  of  Carbon  into  Silicon,"  I  re* 
quest  you  to  do  me  the  honour  of  giving  the  same  publicity  to 
these  few  and  brief  observations  on  their  letter,  while  I  eladly 
acknowledge  the  liberal  style  of  investigation  in  which  the 
gentlemen  in  question  liave  undertaken  and  executed  their 
task. 

Your  Correspondents  specify,  on  the  very  threshhold,  that 
the  ^^parac^anogen  employed  by  them  was  produced  by  the 
decomposition  of  hydrocyanic  acid ;"  and  this  is  suflScient  to 
render  almost  all  their  experiments  of  no  value.  I  do  not,  in- 
deed, understand  the  statement.  If  it  be  meant  that  their 
paracyanogen  was  prepared  by  the  spontaneous  decomposition 
of  anhydrous  hydrocyanic  acid,  they  must  prove  that  paracy- 
anogen can  be  so  produced  at  all ;  for  M.  Gay-Lussac  found 
that  hydrocyanic  acid  is  wholly  resolved  into  ammonia  and  a 
brownish-black  matter,  inferred  to  be  "un  azoture  de  carbone," 
which  cannot  be  paracyanogen  if  ammonia  be  the  only  other 
product.  If,  again,  their  paracyanogen  were  a  product  of  the 
decomposition  of  aqueous  hydrocyanic  acid,  I  am  ready  to 
show  that  it  was  a  low  hydrate  of  paracyanogen,  which  I  never 
made  any  experiments  upon ;  but  in  such  a  case  the  burden 
of  proof  lies  on  them.  Moreover,  howsoever  the  subject  of 
their  experiments  was  prepared,  (and  in  a  matter  affecting  so 
vital  a  truth  or  untruUi  as  this  is  they  ought  surely  to  have 
been  more  specific,)  if  it  were  not  prepared  exactly  in  the  same 
way  as  my  own,  their  results  can  have  no  other  relation  to 
mine  than  that  of  parallel  lines,  incapable  of  meeting  and 
merging  indeed,  but  by  no  means  diverging  and  contradic- 
tory. Accordingly,  nothing  can  be  said  of  their  experiments 
till,  at  the  middle  of  p.  299,  they  determine  to  avoid  every  ob* 
jection  by  employing  paracyanogen  prepared  from  bicyanide 
of  mercury,  and  make  one  with  what  seems  to  be  the  substance 
I  used ;  one  experiment. 

Here  I  find  no  sufficient  evidence  in  the  single  sentence^ 
in  which  the  authors  describe  the  preliminary  process  and 
its  product,  that  the  former  was  rightly  performed,  or  that 

*  Philosophical  Magazine,  Oct  1841»  p.  295. 
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the  latter  was  true  paracyanogen ;  and  I  do  know  that  this 
process  is  so  difficult  of  performance^  that  it  was  not  till  after 
long  practice  that  my  assistants,  Messrs.  Craig  and  Thomas 
Brown,  acquired  facility  in  working  it.  Solubility  in  sul- 
phuric acid  is  no  test;  blackened  half>charred  cyanide  of 
mercury,  paracyanide  of  mercury,  and  most  ex- organic  car- 
bonaceous substances,  are  all  dissolved  bv  that  menstruum  as 
well  as  paracyanogen.  It  appears  that  <Uhe  residue  was  black 
and  coherent ;"  it  should  have  been  extremely  incoherent.  I 
do  not  think  Mr.  Smith  employed  the  same  material  as  I  used 
in  this  experiment,  which  is  the  only  attempt  at  a  literal  re- 
petition of  any  of  mine  in  the  whole  list  on  free  paracyanogen. 
The  paracyanogen  I  worked  with  was  all  prepared  in  the 
hammer-iron  paracyanogen-tube,  which  is  described  in  my 
paper  .on  the  production  of  silicon.  Will  neither  Dr.  Brett 
nor  Mr.  Smitn  get  one  made? 

It  appears  that  the  next  set  of  experiments  was  ^^  On  the 
formation  of  compounds  of  silicon  with  copper,  iron  and 
platinum  by  the  reaction  of  these  metals  on  paracyanogen" 
(p.  300);  but  they  were  made  with  paracyanogen  to  which  I 
have  already  excepted,  and  that  is  enough.  In  addition  to 
that  quite  fatal  objection,  the  first  is  equal  to  nothing  accord- 
ing to  Dr.  Brett  himself;  the  second  and  third,  by  Mr.  Smith, 
are  not  performed  according  to  my  directions ;  and  in  all  the 
three  the  investigation  is  far  from  being  rigid.  May  I  be  al- 
lowed to  state  my  respectful  conviction,  that  the  authors  have 
not  striven  as  they  might?  My  experiments  cost  me  eighteen 
months'  incessant  labour  and  many  a  failure.  Even  so  Tate  as 
last  November  and  December  I  tried  to  effect  the  alleged 
transformation  before  a  celebrated  physician  and  chemist  six 
weeks  in  vain ;  but  at  last  succeeded,  or,  as  I  must  say  now, 
appeared  to  succeed. 

For  the  next  experiments  (p.  301),  on  the  ferrocyanide 
of  potassium,  let  such  as  are  interested  in  the  subject  judge 
whether  they  be  sufficient  repetitions  of  mine.  I  may  men- 
tion, in  passing,  that  the  two  apparatus  described  m  this 
part  of  your  Correspondents'  letter,  viz.  an  iron  tube  closed 
with  an  iron  plug,  and  a  gun*barrel  protected  by  luting  and 
well  secured  at  the  orifice,  were  the  very  instruments  that 
foiled  me  last  November  and  December.  There  must  be  free 
enough  exit  for  nitrogen ;  I  used  large  crucibles  of  hammer- 
iron  with  loose  lids  and  porous  lutes.  I  do  not  allude  to  the 
first  experiment  of  this  set  (p.  301),  for  it  is  original  on  the 
part  of  Mr.  Smith.     This  brings  us  down  to  p.  304. 

The  last  experiment  but  two  (p.  304)  just  confirms  Mr. 
Johnstone's  olraervation,  already  confirmed  by  myself,  that 
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^igenous  paracyanogen  gives  ofF  cyanogen  when  heated ! 
The  last  but  one  is  wholly  exceptionable  on  account  of  the  ma- 
terial ;  and  consequently,  the  last  paragraph  but  one  (p.  S05) 
is  not  to  the  point  The  last  of  all  is  a  feeble  trial,  made  on 
a  wrong  subject,  and  attended  by  no  aigoificant  result. 

In  conclusion,  this  is  all  I  can  oppose  to  the  authority  of 
Dr.  Brett  and  Mr.  Smith.  I  trust  it  is  enough  to  preserve 
the  right-minded  scepticism  of  chemists  on  the  subject  at  issuer 
which  is  either  so  momentous  as  to  be  worth  a  world  of  cau« 
tious  inquiry,  or  so  unimportant  as  not  to  merit  even  oondem- 
nation.  Meanwhile,  I  beg  your  leave  to  take  this  opportunity 
of  offering  a  few  suggestions  on  the  right  repetition  of  my  ex« 
periments,  which  I  confess  to  be  necessary  on  account  of  the 
extreme  condensation  of  my  memoirs;  a  quality,  which  must 
be  attributed  to  my  inexperience  on  one  hand,  and  a  settled 
aversion  to  many  words  on  the  other. 

If  the  apparent  transformation  be  real,  it  is  manifest  that 
the  rationsde  must  be  very  subtle  to  find,  however  simple  it 
may  yet  be  found  to  be,  and  that  it  is  very  likely  that  the  suc- 
cess of  the  processes  may  depend  on  continoencies  which  are 
the  least  obvious.  I  often  failed ;  at  lengw  far  oftener  sue- 
ceeded;  and  have  described  the  operations  in  successful  cases, 
trusting  that  I  have  included  the  essential  circumstances  ti 
success,  but  knowing  very  well  that  I  may  not  have  done  so. 
Hence  the  necessity  of  copying  the  very  letter  of  the  text; 
and,  hence,  too,  my  humble  ri^t  of  suggesting  the  propriety 
of  not  concluding  too  hastily  against  my  special  positive  re- 
sults. Chemists,  who  are  willing  to  work,  will  not  easily  be 
deluded  by  silicated  vessels,  dirty  crucibles,  or  foul  potassa. 
In  chemical  investigation  it  is  very  difficult  to  discover  new 
truth ;  but  for  every  one  who  feelindy  knows  that  it  is  so»  it 
is  also  difficult  to  be  very  much  misled. 

As  it  is  evident  that,  so  far  as  I  was  led  to  perform  these 
experiments  by  hypothetical  insight,  true  or  imaginary,  the 
likelihood  of  success  depended  on  the  correctness  of  the  view 
of  the  constitution  of  paracyanogen  exhibited  in  the  paper  on 
that  substance,  scrupulous  care  must  be  taken  not  to  infringe 
on  that  constitution  by  any  experimental  accident,  such  as 
ever  so  alight  access  of  air  during  the  prolonged  heatings; 
inasmuch  as  for  every  equivalent  of  carbon  that  may  be  snr* 
reptitiously  drawn  c^^  say  in  the  form  of  carbonic  oxide,  three 
equivalents  are  lost  for  conversion,  and  one  less  of  silicon  can 
be  produced.  I  have  wasted  a  great  deal  of  paracyanogen  in 
this  way :  and  it  was  only  last  week  that  I  hit  upon  a  lute  ca- 
pable of  hindering  the  paracyanide  of  a  certain  metal  from. 
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being  wholly  changed  into  carbonic  oxide,  nitrogen,  and  me* 
tallic  oxide  during  a  protracted  subjection  to  the  red  heat  of 
iron  in  a  porcelain  crucible,  after  having  made  a  great  many 
trials  in  vain* 

Paracyanogen  is  like  carbon,  boron,  and  silicon,  in  presents 
ing  two  distinct  forms^  the  unignited  and  the  ignited ;  with  all 
the  intermediate  conditions.  In  the  former  state  it  gives  nitro« 
gen  away  at  the  incipient  red  heat  of  iron,  though  slowly  and 
without  force  enough  to  overcome  any  considerable  pressure; 
while  in  the  latter  it  requires  at  least  the  white  heat.  On  this 
account  ignited  paracyanogen  may  be  mistaken  for  ignited  car* 
bon,  and  an  operation  said  to  have  failed,  which  would  have 
succeeded  if  it  had  been  finished.  Paracyanogen  is  in  every 
way  a  tantalizing  thing  to  make  experiments  upon. 

Mv  whitd  heat  for  copper  is  the  temperature  at  which  the 
metal  is  white  to  my  eye,  and  yet  solid ;  when  it  is  sweUed 
out  to  the  utmost  verge  of  solidity,  and  is  about  to  fall  down 
liquid.  This,  too,  needs  management.  As  to  the  fusion  of 
sulphate  of  lime,  it  is  needless  to  speak  of  every  contingency. 
To  know  the  accidental  from  the  essential  is  the  problem  of 
scientific  authorship. 

In  fine,  the  alleged  conversion  of  carbon  into  silicon  is  be* 
fore  the  world,  at  least  unencumbered  by  presumptuous  ex^ 
planations,  and  not  disgraced  by  anything  like  a  challenge. 
If  others  fail  to  procure  the  same  results,  I  shall  be  sorry;  but 
so  long  as  my  observations  continue  to  lead  me  on  to  others 
of  a  more  and  more  practical  kind,  I  shall  be  very  well  content 
to  have  my  first  publication  regarded  as  a  plenary  mistake, 
and  will  refrain  from  writing  any  more  till  it  shall  have  be- 
come impossible  not  to  succeed  in  the  performance  of  my 
operations.  I  have.  Sir,  the  honour  to  be. 

Your  obedient  Servant, 

3  Dartmouth  Row,  Dlackheath,  Samuel  MorisoN  Brown. 

near  London. 


LIX.  Description  of  an  Electrie  Thermometer.   JSyE.  Solly, 

Jun.^  Esq* 

To  Richard  Taylor^  Esq, 
My  dear  Sir, 

I  AM  induced  to  send  you  the  following  account  of  a  little 
thermo-electric  arrangement,  believing  that  it  may  be  in- 
teresting to  some  of  your  readers ;  for  although  there  is  little 
or  no  novelty  in  the  principles  on  which  its  action  depends, 
I  am  not  aware  that  it  has  been  before  practically  emploj^ed. 
I  bad  for  some  time  experienced  considerable  inconvenience 
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in  conducting  certain  experiments  requiring  a  long-oonttnued 
and  uniform  degree  of  heat,  from  the  di£Sculty  of  regulating 
the  temperature  of  my  furnace,  and  the  constant  unoertainty 
whether  everything  was  proceeding  satisfactorily  during  my 
absence  from  the  laboratory.  1  bad  in  consequence  often 
thought  of  the  possibility  of  so  arranging  a  little  thermo- 
electric apparatus  that  it  might  serve  as  an  index  of  the  rate 
of  combustion  and  consequent  heat  of  the  furnace,  by  the 
deflection  of  a  galvanometer  at  a  distance  from  the  source  of 
heat«  A. small  thermo-electric  battery  might  be  so  placed 
that  the  one  series  of  joints  or  solderings  should  be  constantly 
exposed  to  the  heated  surface  of  the  furnace;  but  a  serious 
obstacle  presented  itself  to  any  contrivance  of  this  kind,  which 
was  the  difficulty  of  keeping  the  alternate  joints  of  th^  battery 
cool :  a  current  of  electricity  would  doubtless  be  evolved  in 
consequence  of  the  difference  of  temperature  existing  be* 
tween  the  two  sides  of  the  battery,  but  of  course  as  the  heat 
would  graduallv  traverse  from  the  hotter  to  the  cooler  side, 
it  would  greatly  diminish  and  modify  the  results,  and  thus 
present  false  indications  of  temperature;  whilst  even  if  it  were 
possible  to  keep  the  one  side  of  the  battery  cool,  either  by 
water  or  by  any  other  means,  yet  the  value  of  the  deflection 
of  the  galvanometer  would  be  always  uncertain,  as  the  differ* 
ence  between  the  two  sides  of  the  battery  could  never  be 
ascertained  unless  the  exact  reduction  of  temperature  thus 
caused  were  correctly  known. 

After  one  or  two  unsuccessful  attempts  to  overcome  this 
objection,  I  laid  aside  the  battery  and  substituted  in  its  place 
a  single  pair  of  metallic  elements,  which  I  found  ^ve  abun* 
dance  of  power,  and  was  not  liable  to  the  defect  which  the  use 
of  the  battery  involved. 

A  piece  of  copper  wire,  one  twenty-fourth  of  an  inch  in 
diameter,  and  of  sufficient  length  to  reach  from  the  furnace 
to  my  ordinary  sitting-room,  was  joined  by  twisting  the  ends 
to  a  similar  wire  of  soft  iron,  the  ends  of  both  having  beoi 
previously  well  cleaned  with  sand-paper.  The  two  wires  were 
then  secured  in  a  convenient  manner  by  small  nails  to  the 
walls  of  the  rooms  they  had  to  pass  through,  care  being  taken 
that  they  were  not  anywhere  in  contact  with  each  other,  ex- 
cept at  tlie  two  extreme  points  of  junction ;  the  one  of  these 
was  so  placed  in  the  flue  of  the  furnace  that  it  was  completely 
exposed  to  the  action  of  the  hot  air  and  smoke  at  that  part 
where  the  flue  left  the  body  of  the  furnace,  whilst  the  other 
joint  was  in  my  room  in  contact  with  a  thermometer,  and  sur- 
rounded with  cotton,  so  as  to  render  it  as  little  as  possible 
liable  to  sudden  changes  of  temperature.    The  copper  wire 
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was  then  diyided  about  a  foot  from  the  joint  thus  protected ; 
the  two  ends  of  the  wire  were  connected  with  the  extremities 
of  a  galvanometer  coil,  and  the  apparatus  was  complete. 

A  metallic  circuit  was  thus  made  consisting  of  two  ele- 
ments, the  one  being  the  iron^wire,  and  the  other  the  copper- 
wire,  including  the  additional  length  of  copper  wire  in  the  coil 
of  the  galvanometer.  The  one  joint  or  point  of  contact  was 
of  course  alwaj's  far  hotter  than  the  other,  and  would  neces- 
sarily remain  so,  so  long  as  the  fuel  in  the  furnace  continued 
to  burn,  and  would  be  dependent  on  the  rate  of  combustion 
in  the  furnace ;  whilst  the  other  junction  would  always  remain 
very  nearly  at  the  temperature  of  the  air,  and  its  variations 
could  be  readily  known  by  the  thermometer  in  contact  with 
it.  A  current  of  electricity  was  thus  generated,  proportioned 
to  the  difierence  of  temperature  between  the  two  joints,  and 
a  deflection  of  the  galvanometer  was  caused,  which  increased 
when  the  furnace  became  hotter,  decreased  when  it  cooled, 
and  at  all  times  indicated  accurately  the  changes  of  tempera- 
ture taking  place,  thus  giving  me  a  thermometer  which  indi- 
cates, without  my  moving  from  the  table,  the  exact  rate  of 
combustion  going  on  in  the  furnace,  which  is  fifty  yards  di- 
stant from  the  indicator.  I  believe  that  it  is  commonly  sup- 
posed that  weak  thermo-electric  currents  cannot  be  well  made 
to  traverse  small  wires  of  any  length,  and  this  is  probably  the 
reason  why  this  beautifully  manageable  power  has  been  so 
little  employed  for  practical  uses.  I  have  received  so  much 
satisfaction  from  the  arrangement  just  described^  that  I  am 
convinced  it  would  be  found  a  very  useful  indicator  of  tem- 
perature in  stoves,  flues,  and  hot  pipes,  in  many  situations 
where  a  common  thermometer  is  inapplicable. 

The  cost  of  such  an  apparatus  must  necessarily  be  more 
expensive  than  any  thermometer,  but  then  it  must  be  re« 
membered  that  it  does  far  more  than  an  ordinary  thermome* 
ter,  gtvinff  us  the  means  of  knowing  the  temperature  of  a 
stove  or  furnace  at  a  distance^  giving  us  indications  of  the 
least  change  or  variation  in  the  source  of  heat,  with  even 
greater  certainty  and  distinctness  than  a  thermometer ;  and 
besides,  showing  these  changes  so  rapidly  that  we  know 
whether  it  is  becoming  hotter  or  colder,  before  a  thermome- 
ter placed  on  the  outside  of  the  stove  indicates  any  change. 
I  have  observed,  on  comparing  the  thermo-electric  with  an 
ordinary  thermometer  placed  on  the  iron  plate  forming  the 
top  of  the  furnace,  that  if  the  ash-pit  door  were  closed,  or 
the  draught  in  any  other  way  diminished,  the  deflection  of 
the  galvanometer  was  immediately  reduced,  whilst  the  ex- 
temd  thermometer  continued  to  rise  for  some  little  time ;  and 
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that  the  indications  given  by  the  galvanometer  of  the  angmen- 
taUon  or  decrease  of  temperature  in  the  furnaceiy  always  pro* 
ceded  the  same  indications  from  the  mercurial  thermometer 
on  the  top. 

I  am»  dear  Sir,  yours  very  truly, 
London,  Oct.  20, 1841.  Edwabd  Soixt,  Jun. 

LX.  Proceedings  of  Learned  Societies. 

GEOLOGICAL  SOCIETY. 
[Continued  from  p.  325.] 

Feb.  24,    A  PAPER,  entitled  "  Description  of  parts  of  the  Skde- 

1841 .  't\,  ton  and  Teeth  of  five  species  of  the  genus  Labyrintho- 
don,  from  the  new  red  sandstone  of  Coton  End  and  Cubbington 
Quarries ;  with  remarks  on  the  probable  identity  of  the  Cheirotherium 
with  that  genus  of  extinct  Batrachiaus,"  by  Richard  Owen,  Esq., 
F.G.S.,  F.R.S. 

In  a  paper  read  on  the  20th  of  January,  Mr.  Owen  described  the 
peculiarities  in  the  structure  of  the  teeth  of  the  Labyrinthodon  (see 
ante,  p.  315)  ;  and  having  been  favoured  by  Dr.  Lloyd,  since  that 
paper  was  written,  with  the  loan  of  all  the  reptilian  remains  obtained 
from  the  new  red  sandstone  of  Warwick  and  Leamington,  deposited 
in  the  Museums  of  those  towns,  and  haying  been  liberally  per* 
mitted  by  the  Committees  of  the  Institutions  to  ezanune  the  teeth 
by  the  microscopic  test,  he  gives,  in  this  paper,  a  minutely  detailed 
description  of  the  fragments  submitted  to  lus  examination,  and  points 
out  their  relative  connexion  to  each  other,  and  the  Uws  by  which 
he  has  been  enabled  to  determine  that  they  all  belong  to  the  genus 
Labyrinthodon,  and  [are]  confirmatory  of  the  Batrachian  nature  of 
the  Wiutemberg  fossil. 

The  specimens  which  Mr.  Owen  has  examined  are  referable  to 
five  species,  to  which  he  has  applied  the  names, — 1.  Lafyrinikodon 
salamandrMes,  2.  L,  leptognuthus,  3.  L,  pachygnathw,  4.  L,  vea- 
tricosus,  and  5.  L.  scuttdatus ;  and  he  describes  successively  the  cha« 
racters  exhibited  by  the  bones  assignable  to  the  2nd,  3id  and  5th 
species. 

Labyrinthodon  leptognathus.-^The  remains  which  Mr.  Owen  con* 
siders  as  portions  of  Uiis  species,  consist  of  fragments  of  the  upper 
and  lower  jaws,  two  vertebrae,  and  a  sternum.  They  were  found  in 
the  sandstone  quarries  at  Coton  Eud,  near  Warwick. 

The  portions  of  the  upper  jaw  show  that  the  maxillary  or  facial 
division  of  the  skull  was  broad,  much  depressed  and  flattened,  re- 
sembling the  skull  of  the  gigantic  Salamander  and  of  the  Alligator ; 
and  the  outer  surface  of  the  bones  was  strongly  sculptured,  as  in  the 
Crocodilian  fiEunily,  but  of  a  relatively  larger  and  coarser  pattern. 
Tlie  fragment  described  contains  the  anterior  moiety  of  the  single 
row  of  small  teeth,  or  30  sockets,  and  the  base  of  one  of  the  great 
anterior  tusks.    Tk^  bw^  of  the  serial  teeth  project  directly  from 
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the  outer  wall  of  the  shallow  socket,  there  being  no  alveolar  ridge 
external  to  it.  The  large  anterior  fang  is  three  times  the  size  of  the 
first  of  the  serial  teeth»  and  the  size  of  these  gradually  diminish  as 
they  are  placed  further  baek ;  the  length  of  the  common-sized  being 
about  two  lines,  and  the  greatest  breadth  one-third  of  a  line.  The 
apical  two- thirds  of  each  tooth  is  smooth,  but  the  basal  third  is  fluted, 
and  anchylosed  to  the  outer  wall  of  the  socket.  The  breadth  of  the 
upper  jaw,  opposite  the  middle  of  the  dental  series,  was  two  inches 
six  lines ;  in  proceeding  backwards  the  jaw  gradually  expands  to 
three  inches,  and  in  proceeding  forwards  narrows,  but  in  a  less 
degree  towards  the  anterior  extremity,  and  then  slightly  widens  or 
indines  outwards  on  account  of  the  large  tusks.  Where  the  upper 
jaw  is  entire,  a  portion  next  the  median  suture,  four  lines  in  breadth, 
18  separated  from  the  maxillary  bone  by  a  longitudinal  harmonia, 
and  corresponds  with  the  position  of  the  nasal  bone  in  the  Crocodile. 
On  comparing  the  structure  of  the  cranium  of  the  lAbyrinthodon 
with  the  Batrachian  condition  of  the  same  part,  Mr.  Owen  shows 
that  an  important  difference  will  be  found  to  exist.  In  both  the 
cadudbranchiate  and  perennibranchiate  species,  the  upper  maxillary 
bones  do  not  extend  horizontally  over  the  upper  surfiace  of  the  skull, 
but  leave  a  very  wide  interval  between  the  maxillary  and  nasal 
bones ;  and  the  palatal  processes  of  the  former  contribute  as  little  to 
form  the  floor  of  the  nasid  cavity:  in  the  Crocodiles,  on  the  contrary, 
the  palatal  processes  of  the  maxillary  bones  extend  horizcmtally  in- 
wards, and  meet  at  the  middle  line  of  the  roof,  forming  an  unbroken 
floor  to  the  nasal  cavity.  In  the  Labyrinthodon  the  superior  max- 
illary bones,  as  already  shown,  extend  inwards  to  the  nasal  bone, 
constituting  with  it  a  continuous  roof  to  the  nasal  cavities ;  but  the 
palatal  processes,  instead  of  reaching  to  the  middle  line,  as  in  the 
Crocodiles,  are  very  narrow,  as  in  die  Batrachia.  The  osseous  nxtf 
of  the  mouth  is  principally  composed  of  a  pair  of  broad  and  flat 
bones,  analogous  to  the  divided  vomer  in  Batrachia,  but  of  much 
greater  relative  extent,  approaching,  in  this  respect,  those  of  the 
Menopome,  and  defenchng  the  moudi  with  a  more  extensive  roof  of 
bone  than  exists  in  any  Lacertian  reptile  :  "  physiologically,  there- 
fore," observes  Mr.  Owen,  "  the  Labyrinthodon,  in  tibis  part  of  its 
structure,  comes  nearest  to  die  Crocodile ;  but  the  structure  itself, 
morphologically,  is  essentially  Batrachian."  In  the  Menopome  and 
gigantic  Salamander,  a  row  of  small  teeth  extends  transversely 
across  the  anterior  extremity  of  the  vomerine  bones :  and  the  occur- 
rence in  the  Labyrinthodon  of  a  similar  row,  consisting  in  each 
palatine  bone  of  three  median  small  teeth  and  two  outer  larger  ones, 
marks  most  strongly  its  Batrachian  nature ;  and  from  the  outer- 
most tooth  a  longitudinal  row  of  small  and  equal-sized  teeth  is  con- 
tinued backward  along  the  exterior  margin  of  the  palatine  bone. 
The  whole  of  this  series  of  palatal  teeth  is  nearly  concentric  with 
the  maxilkry  teeth. 

In  Lacertine  reptiles  the  examples  of  a  row  of  palatal  teeth  are 
rare,  short,  and  situated  towards  the  back  of  the  palate,  upon  the 
pterygoid  bones,  as  in  the  Iguana  and  Mosasaur.    In  Batrachia  the 
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most  common  disposition  of  the  palatal  teeth  is  a  transverse  row 
placed  at  the  anterior  part  of  the  divided  vomer  in  Frogs,  the  Meno- 
pome  and  gigantic  Salamander,  and  at  the  posterior  part  in  certain 
toads.  In  the  Amphiume*,  on  the  contrary,  the  palatal  teeth  form  a 
nearly  longitudinal  series  along  the  outer  margin  of  the  palatine 
bones.  The  Lab3rrinthodon,  as  already  shown,  combines  both  these 
dispositions  of  the  palatal  teeth.  The  posterior  palatine  apertures 
are  more  completely  circumscribed  by  bone  than  in  most  Batrachi- 
ans,  occupying  the  same  relative  position  as  in  the  Iguana.  The 
posterior  margin  only  of  one  of  the  anterior  apertures  is  exhibited 
in  this  specimen,  but  from  its  curve  Mr.  Owen  infers  that  the  two 
apertures  were  not  confluent,  as  in  the  Crocodile,  the  Frcg,  or  the 
Menopome,  but  that  they  were  distant,  as  in  the  Iguana. 

From  the  physiological  condition  of  the  nasal  cavity  Mr.  Owen 
is  disposed  to  believe  that  the  Labyrinthodon  differed  from  the  Ba- 
trachians  and  resembled  the  Saurians,  in  having  distinct  posterior 
nasal  apertures  surrounded  by  bone,  and  that  its  mode  of  respiration 
was  the  same  as  in  the  higher  air-breathing  reptiles.  In  the  shed- 
ding and  renewal  of  the  maxillary  and  the  transverse  palatal  teeth, 
Mr.  Owen  shows  that  the  process  took  place  alternately  in  each 
row,  as  in  many  fishes,  whereby  the  dental  series  is  always  kept  in 
an  efficient  state. 

The  author  then  describes  a  portion,  sixteen  inches  long,  of  the 
left  ramus  of  an  under  jaw  from  the  Warwick  sandstone,  and  con- 
sidered to  belong  to  the  same  species  as  the  bone  just  described.  It 
is  slender  and  straight,  and  the  symphysial  extremity  is  abruptly 
bent  inwards,  and  it  presents,  Mr.  Owen  says,  almost  as  striking  a 
Batrachian  character  as  any  of  tbe  bones  just  mentioned.  The  an- 
gular piece  is  of  great  breadth,  extending  on  both  sides  of  the  jaw» 
and  is  continued  forward  to  near  the  symphysis,  forming  the  whole 
of  the  inferior  part  of  the  jaw,  and  extending  upon  the  inner  as  far 
as  upon  the  outer  side  of  the  ramus,  the  inner  plate  performing  the 
function  of  the  detached  os  operculare  in  the  jaw  of  Saurians.  The 
dentary  bone  is  supported  upon  a  deep  and  wide  groove  along  the 
upper  surface  of  the  angular  piece,  which  also  projects  beyond  the 
groove,  so  as  to  form  a  strong  convex  ridge  on  the  external  side  of 
Uie  jaw,  below  the  dentary  piece.  This  character,  which  in  the 
large  bull-frog  (Rtma  pipiens)  is  confined  to  the  posterior  part  of  the 
maxillary  ramus,  is  in  the  Labyrinthodon  continued  to  near  the  an* 
terior  extremity.  The  teeth  are  long  and  slender,  gradually  dimi« 
nishing  in  size  towards  the  anterior  portion  of  the  jaw,  and  the 
fragment  presents  a  linear  series  of  not  less  than  fifty  sockets,  placed 
alternately  a  little  more  internally;  and  at  the  anterior  inflected 
part  of  the  jaw  is  the  base  of  the  socket  of  a  large  tooth.  The  an- 
terior portion  of  the  jaw  being  broken  off,  it  is  imcertain  if  the  serial 
teeth  were  continued  extemidly  to  the  anterior  tusk,  a  remarkable 
ichthyic  character  noticed  in  another  species  of  lAbyrinthodon. 

The  sockets  of  the  teeth  are  shallower  than  in  the  upper  jaw ;  the 

[•  Dr.  Harlan*s  dissection  of  the  Amphiuma  means  will  be  found  in 
Phil.  Mag.,  First  Series,  vol.  Ixiii.  p.  325.^£dit.] 
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outer  wall  id  more  developed  than  the  inner,  and  the  anchyloaed 
bases  of  the  teeth  more  nearly  resemble,  in  their  oblique  position, 
those  of  existing  Batrachia.  Mr.  Owen  then  describes  the  micro- 
scopic structure  of  the  teeth,  and  he  shows  that,  between  the  apex 
and  the  part  where  the  inflected  vertical  folds  of  the  cement  com- 
mence, the  tooth  resembles,  in  the  simplicity  of  its  intimate  struc- 
ture*, that  of  the  entire  tooth  of  ordiiuury  Batrachia  and  most  rep- 
tiles ;  and  in  the  lower  or  basal  half  of  the  tooth  the  structure 
described  in  the  previous  memoir  commences,  and  gradually  in- 
creases in  complexity.  From  the  long  and  slender  character  of  this 
ramus,  Mr.  Owen  shows  that  the  length  of  the  head,  as  compared 
with  the  breadth,  approximates  more  nearly  to  Crocodilian  propor- 
tions than  to  the  ordinary  Batrachian  ones ;  but  that  among  existing 
Batrachia  it  resembles  most  nearly  the  Amphiume. 

A  dorsal  vertebra  from  Coton  End,  which  is  next  described,  pre- 
sents still  further  evidence  of  the  Batrachian  nature  of  the  Laby- 
rinthodon,  in  having  concave  but  not  deep  articular  cavities  at  the 
extremities  of  the  body,  a  condition  now  known  among  existing  rep- 
tiles only  in  the  Gecko,  and  in  the  lower  or  perennibranchiate  divi- 
sion of  Batrachians.  The  body  of  the  vertebra  is  elongate  and  sub- 
compressed,  with  a  smooth  extended,  but  not  regularly  curved  sur* 
face,  terminating  below  in  a  slightly  produced,  longitudinal,  median 
ridge ;  and  it  exhibits  the  same  exceptional  condition  in  the  Repti* 
lian  class  as  do  the  vertebrae  of  existing  Batrachians,  in  hnving  the 
superior  arch  or  neurapophysis  anchylosed  with  the  centrum.  From 
each  side  of  the  base  of  the  neural  arch  extends  obliquely,  outwards 
and  upwards,  the  remains  of  a  thick  and  strong  transverse  process ; 
and  from  their  strength  and  direction  Mr.  Owen  gathers  indications 
of  a  necessity  for  an  expanded  respiratory  cavity,  and  that  they  sup- 
ported ribs. 

A  symmetrical  bone,  resembling  the  epistemum  of  the  Ichthyosau* 
rus,  is  also  described.  It  consists  of  a  stem  or  middle,  which  gradu* 
ally  thickens  to  the  upper  end,  where  cross-pieces  are  given  off  at 
right  angles  to  the  stem,  and  support  on  each  a  pretty  deep  and  wide 
groove,  indicating  strongly  the  presence  of  clavicles,  and  thus  point* 
ing  out  another  distinction  from  Crocodiles,  in  which  clavicles  are 
wanting. 

In  concluding  the  description  of  these  remains  of  the  Labyrmtho» 
don  leptognathus,  Mr.  Owen  says,  that  they  prove  the  fossil  to  have 
been  essentially  Batrachian,  with  striking  and  peculiar  affinities  to 
the  higher  Sauria,  leading,  in  the  form  of  the  skull  and  the  sculptu- 
ring  of  the  cranial  bones,  to  the  Crocodilian  group,  and  in  one  part 
of  the  dental  structure,  in  the  form  of  the  epistemum,  and  the  bi- 
concave vertebrae,  to  Uie  Ichthyosaurus ;  while  in  the  bony  palate 
there  is  a  deviation  from  the  Batrachian  character,  and  a  resemblance 
to  the  Lacertian  type.  Another  marked  peculiarity  in  this  fossil  is 
the  anchylosis  of  the  base  of  the  teeth  to  dutinct  and  shallow  sockets, 
by  which  it  is  made  to  resemble  the  Sphyraena  and  certain  other 
fishes.    From  the  absence  of  any  trace  of  alveoli  of  reserve  for  the 

*  See  anily  p.  317* 
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Bucceflfiional  teeth,  Mr.  Owen  believes  the  teetih  were  reproduced,  as 
in  many  fishes,  especially  the  higher  Chondropterygii,  which  formed 
•  the  AmphibuB  natantea  of  linnseus,  in  the  soft  mucous  membrane 
which  covered  the  alveolar  margin,  and  subsequently  became  fixed 
to  the  bone  by  anchylosis,  as  in  the  Pike  and  Lophius.  No  remains 
of  the  locomotive  organs  of  the  L.  leptognathua  have  yet  been  found. 
Labyrinthodon  packygnatkus* — In  detailing  the  remains  of  this  spe- 
cies, consisting  of  portions  of  the  lower  and  upper  jaws,  an  anterior 
frontal  bone,  a  fractured  humerus,  an  ilium  with  a  great  part  of  the 
acetabulum,  the  head  of  a  femur,  and  two  unguial  phalanges,  Mr. 
Owen  dwells  on  further  Batrachian  characters  and  certain  peculi- 
arities of  structure,  and  shows  the  points  in  which  it  agrees  with  the 
L,  leptagnatkus,     A  portion,  nine  and  a  half  inches  long,  of  a  right 
ramus  of  a  lower  jaw  is  first  described ;  and  in  addition  to  the  cha- 
racters common  to  it  and  the  fragment  of  the  lower  jaw  of  the 
L.  leptognatkus,  in  the  structure  of  the  angular  and  dentary  pieces, 
the  author  shows  that  the  outer  wall  of  the  alveolar  process  is  not 
higher  than  the  inner,  as  in  Frogs  and  Toads,  the  Salamanders  and 
Menopome,  in  all  of  which  the  base  of  the  teeth  is  anchylosed  to  the 
inner  side  of  an  external  alveolar  plate.     The  smaller  serial  teeth 
are  about  forty  in  number,  and  gradually  diminish  in  size  as  they 
approach  both  ends,  but  chiefly  so  towards  the  anterior  part  of  tht 
jaw.     The  sockets  are  close  together,  and  the  alternate  ones  are 
empty.     The  great  laniary  teeth  were  apparently  three  in  each  sym- 
physis, and  the  length  of  the  largest  is  considered  to  have  been  one 
and  a  half  inch.     A  section  through  the  base  of  the  anterior  tusk 
above  the  socket  exhibits  the  structure  described  in  Mr.  Owen's  first 
memoir ;  but  a  section  of  the  second  tusk,  also  taken  above  the  socket, 
exhibited  a  very  simplified  modification  of  the  labyrinthic  arrangement. 
presenting  a  disposition  closely  analogous  to  that  at  the  base  of  the 
teeth  of  the  Ichthyosaurus.    The  apical  half  of  the  tusks  has  a  smooth 
and  polished  surface,  and  the  pulp-cavity  is  continued,  of  small  size, 
into  the  centre  of  this  part  of  the  tooth.     In  the  serial  teeth,  which 
in  other  respects,  except  size,  correspond  with  the  preceding  descrip- 
tion of  the  tusks,  the  central  pulp-cavity  is  more  quickly  oUiterated. 
but  the  alveoli  are  large,  moderately  deep  and  complete :  the  texture 
of  the  teeth  is  dense  and  brittle.     The  base  of  each  tooth  is  anchy- 
losed to  the  bottom  of  its  socket,  as  in  Scomberoid  and   Sauroid 
fishes;  but  the  Labyrinthodon  possesses,  Mr.  Owen  says,  a  still 
more  ichthyic  character  in  the  continuation,  preserved  in  this  speci* 
men,  of  a  row  of  small  teeth  anterior  and  external  to  the  two  or  three 
larger  tusks.    A  double  row  of  teeth  thus  occasioned  does  not  exist 
in  the  maxillary  bones,  eidier  superior  or  inferior,  of  any  Batra* 
chian  or  Saurian  reptile ;  in  Mammalia  it  has  been  noticed  only  in 
the  upper  jaw  of  tiie  hare  and  rabbit,  and  in  Fishes  only  in  the 
lower  jaw. 

A  fragment  of  the  superior  maxillary  bone  is  also  described,  and 
its  chief  deviation  from  the  Crocodilian  type  of  structure  is  the  con- 
tinuation of  the  palatal  plate  of  the  intermaxillary  bone  fior  abcmt 
an  inch  to  the  outer  side  of  the  base  of  the  external  plate  or  pro« 
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while  in  the  Crocodiles  the  external  wall  of  iht  iateniiaatil- 
lary  bone  b  united  by  the  whole  of  its  outer  margin  with  the 
maxillary,  and  is  thence  continued  along  the  whole  outer  contour 
of  the  intermaxillary  bone.  Now  in  the  Labyrinthodon  the  inter* 
maxillary  bone  presents  the  same  peculiar  modification  of  the  Ba- 
trachian  condition  of  this  bone  as  in  the  higher  organized  Batra* 
chia,  the  palatal  process  of  the  intermaxillary  extending  beyond  the 
outer  plate  both  externally  and»  though  in  a  less  degree,  internally* 
'where  it  forms  part  of  the  boundary  of  the  anterior  palatal  foramen, 
T^hence  the  outer  plate  rises  in  the  form  of  a  compressed  process 
from  a  longitudinal  tract  in  the  upper  part  of  the  palatal  process ; 
it  is  here  broken  off  near  its  margin,  and  the  fractured  surfieioe  gives 
the  breadth  of  the  base  of  the  outer  plate,  stamping  the  fossil  with 
a  Batrachian  character  conspicuous  above  all  the  Saurian  modifica- 
tions by  whidi  the  essential  nature  of  the  fossil  appears  at  first 
sight  to  be  marked. 

In  the  anterior  frontal  bone,  Mr.  Owen  says,  th&e  are  also  indi* 
cations  of  Crocodilian  structure.  Its  superior  surface  is  slightly 
convex,  and  pitted  with  irregular  impressions ;  and  finom  its  poste- 
rior  and  outer  part  it  sends  downwards  a  broad  and  slightly  con* 
cave  process,  which  ^e  author  considers  the  anterior  boundary  of 
the  oibit.  Hus  process  presents  near  its  upper  margin  a  deep  pit, 
from  vdiich  a  groove  is  continued  forwards ;  and  in  the  correspond- 
ing ortntal  plate  of  the  Crocodile  there  is  a  similar  but  smaller  fora* 
men. 

From  these  remains  of  the  cranium  of  the  Labyr.  packygtuUhmSf 
it  is  evident,  Mr.  Owen  states,  that  the  fiacial  or  maxillary  part  of 
the  skull  vras  formed  in  the  main  after  the  Crocodilian  type,  but 
with  well-marked  Batrachian  modifications  in  the  intermaxillary 
and  inferior  maxillary  bones.  The  most  important  fact  which  they 
s2x)w  tt,  that  this  Sauroid  Batrachian  had  subterminal  nostrils* 
leading  to  a  wide  and  shallow  nasal  cavity,  separated  by  a  broad 
and  almost  continuous  palatal  flooring  tom  the  cavity  of  the  mouth ; 
indicating,  with  their  horizontal  position,  that  ^eir  posterior  I4>er* 
tures  were  placed  fsr  behind  the  anterior  or  external  nostrils; 
whereas  in  the  air-breathing  Batrachia  the  nasal  meatus  is  short 
and  vertical,  and  the  intenial  aportures  pierce  the  anterior  part  of 
the  palate.  Mr.  Owen  therefore  infers  that  the  apparatus  for 
breathing  by  insjnration  must  have  been  present  in  the  Labyrintho- 
don  as  in  the  Crocodile ;  and  hence  still  further,  that  the  skeleton  of 
tiie  Labyrinthodon  will  be  found  to  be  provided  with  well-developed 
riba,  and  not,  as  in  the  existing  Batrachia,  with  merely  rudimentary 
styles.  Since  the  essential  condition  of  this  defective  state  (rf  the  ribs 
of  Batradiia  ii  well  known  to  be  their  fish-like  mode  of  generation 
and  necessary  distention  of  the  abdomen,  Mr.  Owen  likewin 
directs  attention  to  the  probability  that  the  generative  economy  of 
these  fossil  reptiles  may  have  beei  similar  to  that  of  existing  cro- 
codiles. 

A  fragment  of  a  vertebra  presents  analogous  characters  to  the 
vertebra  of  the  iL.  iqy^oyiMtf  Aw  pitvionsly  noticed 
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Of  the  few  bones  of  the  extremities  which  have  come  under  Mr. 
Owen's  inspection,  one  presents  all  the  characteristics  of  the  corre- 
sponding part  of  die  hameros  of  a  toad  or  frog,  viz.  the  convex, 
somewhat  transversely  extended  articular  end,  the  internal  longi- 
tudinal depression,  and  the  weU-developed  deltoid  ridge.  The  length 
of  the  fragment  is  two  inches,  and  the  breadth  is  thirteen  lines. 
The  ridges  are  moderately  thick  and  compact,  with  a  central  medul- 
lary cavity.  In  its  structure  as  well  as  in  its  general  form,  the 
present  bone  agrees  widi  the  fiatrachian,  and  differs  from  the  Croco- 
dilian type. 

Again,  in  the  right  ilium,  about  six  inches  in  length,  and  in  the 
acetabulum,  there  is  a  combination  of  Crocodilian  and  Batrachian 
characters.  The  acetabular  cavity  is  bounded  on  its  upper  part  by  a 
produced  and  sharp  ridge  as  in  the  frog,  and  not  emaiginate  at  its 
anterior  part,  as  in  the  crocodile.  Above  the  acetabulum  in  the  frog 
the  ilium  gives  off  a  broad  and  depressed  process,  the  lower  ex- 
tremity of  which  is  separated  from  the  acetabulum  by  a  smooth  con- 
cave groove,  both  of  which  are  wanting  in  the  crocodile,  there  being 
only  a  slight  rising  of  the  upper  border  of  the  acetabulum.  These 
characters,  however,  are  well  developed  in  the  Liabyrinthodon :  but  the 
process,  instead  of  being  depressed  is  compressed,  and  its  internal 
extremity  is  pointed  and  bent  forwards,  representing  the  rudiment 
of  the  long  anterior  process  of  the  ilium  in  the  BatracMa  anotnra ; 
but  it  does  not  attain  in  the  Lab3rrindiodon  the  parallel  of  the  an- 
terior margin  of  the  acetabulum,  and  the  bone  terminates  in  a 
thick  truncated  extremity  a  few  Ibies  anterior  to  the  acetabulum  ; 
an  essential  feature  of  resemblance  to  the  Crocodiles  and  difference 
from  the  Batrachians.  But  the  most  marked  difference  in  this  fossil 
from  the  crocodile  is  the  length  of  the  ilium  posterior  to  the  aceta- 
bulum, in  which  it  agrees  with  the  analogous  portion  of  the  frog 
and  other  tailless  Batrachia ;  while,  on  tiie  contrary,  there  is  an 
agreement  with  the  Crocodilian  type  in  the  mode  of  articulation  to 
the  vertebral  column.  In  the  frog  a  transverse  process  of  a  single 
vertebra  abuts  against  the  anterior  extremity  of  the  produced  ilium. 
In  the  crocodile  the  transverse  processes  of  two  vertebrae  are  thick- 
ened and  expanded,  and  joined  to  a  rough,  concave,  articular  surface 
occupying  the  inner  side  of  the  ilium,  and  a  little  posterior  to  the 
acetabular  cavity.  In  the  Labyrinthodon  is  a  similar  well-marked, 
rough,  elongated,  concave,  articular  surface,  divided  by  a  non-arti- 
cular surface,  and  destined  for  the  reception  of  the  external  extremis* 
ties  of  two  sacral  ribs.  The  Labyrinthodon  likewise  agrees  with 
the  crocodile  in  the  lower  part  of  the  acetabulum  being  completed 
by  the  upper  extremity  of  the  pubis,  the  anterior  and  inferior  part 
of  the  ilium  offering  an  obtuse  process  at  the  posterior  part  of  the 
lower  boundary  of  the  acetabular  cavity. 

As  the  fragment  of  the  ilium  was  discovered  in  the  same  quarry 
as  the  two  fr^agments  of  the  cranium  and  the  portion  of  the  lower 
jawSf  Mr.  Owen  thinks  they  may  have  belonged  to  the  same  animal ; 
and  if  so,  as  the  portions  of  the  head  conespond  in  size  with  those  of 
the  head  of  a  crocodile  six  or  seven  feet  in  length,  but  the  aoetaba* 


Digitized 


by  Google 


Prof.  Ov^en  on  the  Laln/rinthodon  and  Cheirolherium.    401 

lar  cavity  with  tliat  of  a  crocodile  twenty-five  feet  in  length,  then 
the  hinder  extremities  of  the  Liabyrinthodon  must  have  been  of  dis- 
proportionate magnitude  compared  with  those  of  existing  Saurians» 
but  of  approximate  magnitude  with  some  of  the  living  anourous 
Batrachia.  That  such  a  reptile,  of  a  size  equal  to  that  of  the  reptile 
whose  remains  have  just  been  described,  existed  at  the  period  of  the 
new  red  sandstone,  Mr.  Owen  says,  is  abundantly  manifested  by  the 
remains  of  those  singular  impressions  to  which  die  term  Cheirothe- 
rium  has  been  applied.  Other  impressions,  as  those  of  the  Cheiro* 
therium  Hercules,  correspond  in  size  with  the  remains  of  the  Laby^ 
rinihodon  Salamandroides,  which  have  been  discovered  at  Guy's 
Cli£F.  The  head  of  a  femur  from  the  same  quarry  in  which  the 
ilium  was  found,  is  shown  to  correspond  in  size  with  the  articular 
cavity  of  the  acetabulum.  The  two  toe-bones,  or  terminal  phalanges, 
are  stated  to  be  strictly  Batrachian,  presenting  no  trace  of  a  nail,  and 
from  their  size  are  referred  to  the  hind-feet  of  the  L.  pachygnathus. 

Thus,  observes  Mr.  Owen,  all  these  osseous  remains  from  the 
Warwick  and  Leamington  sandstones  agree  in  their  essentially  Ba- 
trachian nature,  and,  in  this  interesting  conclusion,  with  the  fossils 
of  the  German  keuper ;  and  he  concludes  this  portion  of  the  memoir 
with  some  observations  respecting  the  so-called  Cheirotherium  foot- 
steps. He  has  long  believed  that  they  were  the  foot-prints  of  a  Ba-. 
trachian,  and  most  probably  of  that  family  which  includes  the  toad 
and  frog,  on  account  of  the  difference  of  size  in  the  fore  and  hind  ex- 
tremities ;  but,  in  consequence  of  the  peculiarities  of  the  impressions, 
he  has  always  considered  that  the  animal  must  have  been  quite 
distinct  in  the  form  of  its  feet  from  any  known  Batrachian  or  other 
reptile.  Now  then,  he  observes,  we  have  in  the  Labyrinthodon 
also  a  Batrachian  reptile,  differing  as  remarkably  from  all  known  Ba- 
trachia  and  from  every  other  reptile  in  the  structure  of  its  teeth  :  both 
the  footsteps  and  the  fossils  are,  moreover,  peculiar  to  the  new  red 
sandstone;  and  though  the  generic  name  Labyrinthodon  may  be 
susceptible  hereafter  of  being  expanded  to  the  appellation  of  a  family, 
yet,  he  asks,  may  it  not  be  justifiable  to  consider  the  term  Cheiro- 
therium as  one  of  the  synonyms  of  Labyrinthodon  ? 

Labyrinthodon  seutukUus. — ^The  remains,  to  which  this  specific 
designation  has  been  applied  by  the  author,  composed  a  closely 
and  irregularly  aggregated  group  of  bones  imbedded  in  sandstone, 
and  manifestly  belonging  to  the  same  skeleton ;  they  consist  of  four 
vertebrae,  portions  of  ribs,  a  humerus,  a  femur,  two  tibiae,  one  end 
of  a  large  flat  bone,  and  several  small  osseous,  dermal  scuta.  The 
mass  was  discovered  in  the  new  red  sandstone  at  Leamington,  and 
was  transmitted  to  Mr.  Owen  by  Dr.  Lloyd  in  the  summer  of  1840. 

The  vertebrae  present  biconcave  articular  surtaces  similar  to  those 
of  the  other  species.  In  two  of  them,  the  surfaces  slope  in  a  parallel 
direction  obliquely  from  the  axis  of  the  vertebrae,  as  in  the  dorsal 
vertebrae  of  the  frog,  indicating  an  habitual  inflexion  of  the  spine, 
analogous  to  that  in  the  humped  back  of  the  frog.  The  neurapo- 
physes  are  anchylosed  to  the  vertebral  body.  The  spinous  process 
rises  from  the  whole  length  of  the  middle  Une  of  tlie  neurapophysial 
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arch,  and  its  chief  peculiarity  is  the  expansion  of  its  elongated  sum- 
mit  into  a  horizonlxdly  flattened  plate,  sculptured  inrreguLu-ly  on  the 
upper  surface.  A  similar  flattening  of  the  summit  of  the  elongated 
spine  is  exliibited  in  the  large  atlas  of  the  toad.  The  body  of  the 
vertebrae  agrees  with  that  of  the  L.  leptognathus.  The  humerus 
is  an  inch  long,  regularly  convex  at  the  proximal  extremity,  and 
expanded  at  both  extremities,  but  contracted  in  the  middle.  A 
portion  of  a  somewhat  shorter  and  flatter  bone  is  bent  at  a  sub* 
acute  angle  with  the  distal  extremity,  and  resembles  most  nearly 
the  anchylosed  radius  and  ulna  of  the  Batrachia. 

The  femur  wants  both  the  extremities ;  its  shaft  is  subtrihedral 
and  slightly  bent,  and  its  walls  are  thin  and  compact,  including  a 
large  medullary  cavity.  The  tibitt  are  as  long,  but  thicker  and 
stronger  4han  the  femur.  They  had  lost  their  articular  extremities, 
but  exhibited  that  remarkable  compression  of  their  distal  portion 
which  characterizes  the  corresponding  bone  in  the  Batrachia :  they 
likewise  have  the  longitudinal  impression  along  the  middle  of  the 
flattened  surface.  The  length  of  the  more  perfect  shaft  is  2  inches 
1  line.  The  precise  nature  of  the  broad  flat  bone,  Mr.  Owen  had 
not  determined. 

With  respect  to  the  osseous  dermal  scuta,  Mr.  Owen  remarks, 
that  though  they  form  a  striking  instance  of  the  Crocodilian  aflinities 
of  the  licamington  fossil,  yet  as  these  detached  superficial  bones  are 
the  most  liable  to  be  separated  from  the  fragmentary  skeleton  of  the 
individual  they  once  clothed,  the  negative  feet  of  their  not  having 
been  found  associated  with  the  remains  of  the  Labyrinthodon  in 
other  localities  proves  nothing  in  regard  to  a  difference  of  dermal 
structure  between  the  Leamington  and  Warwick  species.  Indeed 
no  anatomist,  he  says,  can  contemplate  the  extensive  development 
and  bold  sculpturing  of  the  dermal  surface  of  cranial  bones  in  the 
Labyrinthodon  pachygnathus  and  L,  leptognathus  without  a  suspi- 
cion, that  the  same  character  may  have  been  manifested  in  bony 
plates  of  the  skin  in  other  parts  of  the  body.  Admitting  for  a 
moment  this  structure  to  be  proved,  to  what  extent,  asks  Mr. 
Owen,  does  it  affect  the  claims  of  the  Labyrinthodon  to  be  admitted 
into  the  order  of  Batrachians,  in  which  every  known  species  is 
covered  with  a  soft,  lubricous  and  naked  integument,  without  scales 
or  scuttt  ?  In  reply,  he  says,  that  the  skin  is  the  seat  of  variable 
characters  in  all  animals ;  and,  apart  from  the  modifications  of  the 
osseous  and  dental  systems,  and  other  intimate  organs,  is  apt  to 
mislead  the  naturalist  who  is  in  quest  of  the  real  affinities  of  a 
species :  and  he  instances  the  Trionyx,  as  an  example  of  a  soft- 
skinned  animal  among  Chelonian  reptiles.  Lastly,  Mr.  Owen 
shows,  that,  previously  to  the  discovery  of  the  fossils  described  in 
this  memoir,  the  only  Batrachian  remain  which  had  been  found  in 
beds  anterior  to  the  epoch  of  the  Molasse  is  the  fragment  of  a 
skull,  on  which  Prof.  Jaeger  founded  his  Salamandroides  giganteus. 

March  1 0. — A  paper  "  On  the  Geologic^  Structure  of  the  Northern 
and  Central  Regions  of  Russia  in  Europe,"  by  Roderick  Impey  Mur- 
chison,  Esq.,  P.G.S.,  and  M.  E.  de  Vemeuil,  V.P.G.S.  of  France. 
was  commenced* 
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Feb.  9. — A  continuation  of  the  descriptions  of  Mr.  Cuming's 
shells,  by  W.  J.  Broderip,  Esq.,  was  read,  for  which  we  refer  to  No. 
97  of  the  Society's  Proceedings.  The  following  remarks  by  the 
author,  and  letter  from  Sir  D.  Brewster,  were  appended  to  the  de- 
scription of  Bulinus  velatus. 

In  a  great  number  of  the  beautiful  land-shells  of  the  Philippine 
Islands,  collected  by  Mr.  Cuming,  and  herein-before  described,  the 
pattern,  upon  immersion  in  water  or  other  fluid,  becomes  entirely 
obliterated  till  evaporation  restores  the  colours  to  all  their  pristine 
brilliancy.  In  the  species  now  before  us,  the  very  reverse  is  the  re- 
sult of  immersion.  The  external  whitish  porous  epidermis  which 
veils  the  sheU  when  dry,  suffers  the  bright  colours  to  shine  out  when 
immersed  in  water.  Bui.  velatus  is  described  above,  as  it*  appears 
on  immersion,  and  before  it  becomes  dry :  but  in  the  latter  state 
the  beauties  of  the  shell  are  shrouded,  and  the  colour  of  the  sutural 
bands,  peeping  out  between  interstices  in  the  epidermis,  gives  to 
these  bands  a  moniliform  appearance. 

I  sent  to  Sir  David  Brewster,  as  the  highest  authority  on  such 
subjects,  four  or  five  species  of  those  land-shells  from  which  the 
pattern  disappears  upon  immersion ;  but  I  have  not  as  yet  forwarded 
to  him  any  upon  which  the  colours  come  out  when  so  treated.  Sir 
David  has  been  so  obliging  as  to  send  me  the  following  letter, 
which  I  now  lay  before  tiie  Society : — 

"Dear  Sir, — I  beg  to  return  you  my  best  thanks  for  the  very 
interesting  specimens  of  land-shells  from  the  Philippine  Islands, 
which  you  have  been  so  kind  as  to  send  me.  The  disappearance  of 
the  white  pattern  by  immersion  in  water  or  any  other  evaporable 
fluid,  and  its  subsequent  reappearance  when  the  shell  is  dry,  are 
phenomena  perfectly  analogous  to  those  of  hydrophanous  opal,  taba* 
sheer,  and  other  porous  substances. 

'*  The  phenomenon  in  the  land-shells  is  still  more  beautiful  when 
we  examine  them  by  transmitted  light.  The  pattern  which  is  white 
by  reflected  light,  is  darh  by  transmitted  light,  and  vice  versd.  This  is 
particularly  beautiful  in  the  Helix  pulcherrima,  where  the  ground  of 
the  white  pattern  is  almost  black  by  reflected  light,  and  of  a  light 
reddish  colour  by  transmitted  light,  the  pattern  wliich  is  white  by 
reflection  having  a  dark  red  colour  by  transmitted  light. 

*'  In  all  these  shells,  the  difference  of  structure  by  which  the  pat* 
tern  is  produced,  does  not  exist  in  the  shell,  but  in  the  epidermis, 
and  hence  the  pattern  may  be  wholly  obliterated  by  removing  the 
epidermis.  It  appears  to  me,  from  very  careful  observations,  that 
the  epidermis  consists  of  two  layers,  and  that  it  is  only  the  upper 
layer  which  is  porous  wherever  the  pattern  is  white.  These  white 
or  parous  portions  of  the  epidermis  differ  from  the  other  parts  of  the 
upper  layer  only  in  having  been  deprived  of,  or  in  never  having 
possessed,  the  element  which  gives  transparency  to  the  mem- 
brane, in  the  same  manner  as  hydrophanous  opal  has  become  white, 
from  the  expulsion  of  its  water  of  crystallization. 

'*  When  the  shell  is  immersed  in  water  or  any  other  fluid,  the  fluid 
entera  the  pores  of  the  white  epidermis,  and  having  nearly  the  same 
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refractive  power  as  the  epidermis,  no  light  is  reflected  at  the  sepa- 
•  rating  surface  of  the  water  and  the  pores  which  contain  it,  so  that 
the  light  passes  through  the  membrane,  which  thus  loses  its  white 
appearance.  When  the  water  escapes  from  the  pores  by  evapora- 
tion, or  is  driven  from  them  by  heat,  the  membrane  again  reflects 
white  light  from  the  numerous  surfaces  of  its  pores. 

"  As  the  colouring  matter  resides  in  the  shell  itself,  its  peculiar 
colour  is  seen  through  the  epidermis  as  distinctly  where  it  is  porous 
as  where  it  is  not  porous,  when  the  porous  portion  has  been  ren- 
dered transparent  by  the  absorption  of  a  fluid. 

"  If  we  apply  oil  or  varnish  to  the  white  pattern,  we  may  oblite- 
rate it  permanently,  or  we  may  change  it  into  a  pattern  entirely  dif- 
ferent from  the  original  one. 

"  If  these  observations  appear  to  you  to  have  any  interest,  you 
are  welcome  to  make  any  use  of  them  you  please. 

"  I  am,  dear  Sir,  ever  most  faithfully  yours, 

"  D.  Brewstek." 

It  will  be  observed,  that  Sir  David  Brewster  points  out  how  the 
application  of  oil  or  varnish  to  the  white  pattern  may  obliterate  it 
permanently ;  such  a  case  has  already  happened  more  than  once  : 
persons  who  have  become  possessed  of  some  of  the  species  whose 
patterns  are  lost  on  immersion,  not  content  with  their  natural 
beauties,  and  unaware  of  their  peculiarity,  have  had  recourse  to  art, 
and  by  applying  oil  or  varnish,  have  spoiled  their  specimens, — a 
proper  punishment  for  trying  to  mend  nature. 


LONDON   ELECTRICAL  SOCIETY. 

Oct.  19,  1841. — A  Translation  by  the  Secretary,  of  "Observations 
on  the  Electrical  Efi^cts  of  the  Gymnotus,"  by  Professor  Schoenbein, 
was  read. 

The  author  having  related  at  some  length  the  nature  and  re- 
sults of  certain  experiments  he  made  with  the  Gymnotus  of  the 
Adelaide  Gallery,  proceeds  to  examine  the  reasons  which  have  in- 
duced some  philosophers  to  attribute  its  electrical  powers  to  the  pe- 
culiar physical  or  mechanical  construction  of  the  electric  organ,  and 
adduces  a  mass  of  facts  in  proof  that  this  organ  bears  very  little 
analogy  to  Volta*s  pile.  For  instance,  it  consists  of  a  combination 
of  substances  possessing  naturally  but  a  very  feeble  electromotive 
power,  and  yet  the  fish  will  give  shocks  equal  in  force  to  those  ob- 
tained from  a  very  large  Leyden  jar  charged  at  its  maximum,  or  from 
200  pairs  of  a  highly  excited  voltaic  battery.  Again,  the  creature 
dwells  in  a  conducting  medium  which  completes  at  all  times  the 
circuit  between  the  poles  of  its  organ,  and  yet  no  passage  of  elec- 
tricity occurs  but  at  its  will ;  it  is  precisely  as  if  it  possessed  a 
means  of  insulating  or  uninsul&ting  the  apparatus  at  pleasure ;  al- 
though physiologists  have  not  detected  any  arrangement  fitted  for 
such  a  purpose.  The  fish  too  can  regulate  the  intensity  of  its 
discharges  at  will ;  this  is  especially  evident  when  a  comparison  is 
made  between  the  efl^ects  produced  by  touching  it  with  the  human 
hand,  or  through  the  medium  of  a  metallic  conductor.  The  power 
evidently  depends  upon  an  intimate  union,  of  which  we  know  not 


Digitized 


by  Google 


Intelligence  and  Miscellaneous  Articles, 


405 


the  nature,  between  the  vital  powers  and  the  physical  functions  of 
this  organ ;  for,  like  all  vital  organization,  the  power  is  exhausted  by 
repeated  efforts. 

*'  An  Account  of  Experiments  with  a  Water  Battery."  By  H. 
M.  Noad,  Esq.,  Memb.  Elect.  Soc. 

The  water  battery  employed  by  the  author  of  this  paper  consisted 
of  500  pairs,  and  produced  the  effects  which  are  known  to  bear  so 
close  an  analogy  with  those  from  the  electrical  machine.  Among 
the  results,  the  deposition  of  carbon,  when  the  electrodes  were 
placed  in  the  flame  of  a  candle,  was  very  characteristic  of  the  pe- 
culiar action  under  these  circumstances.  The  nature  of  the  deposit 
was  first  noticed  by  M.  Oassiot. 

The  Secretary  tiien  laid  before  the  Society  Mr.  Weekes's  Monthly 
Register  of  the  electrical  condition  of  the  atmosphere  for  September. 

LXI.   Intelligence  and  Miscellaneous  Articles. 

NOTICE  OF  beard's  PATENT  FOR  IMPROVEMENTS  IN  APPA- 
RATUS FOR  OBTAINING  LIKENESSES  AND  REPRESENTATIONS 
OF  NATURE,  &C. 

THE  drawing  shows  various  views  of  the  apparatus,  the  nature  of 
which  is  written  on  the  drawing,  and  the  same  parts  are  referred 
to  by  the  same  letters  of  reference.  «  is  a  rectangular  box,  inside  of 
which  and  at  the  end  thereof,  there  is  fixed  a  concave  reflector, 
which  may  be  of  glass  or  metal,  as  is  well  understood  in  making  re- 
flectors for  telescopes.  This  reflector  is  placed  with  the  reflecting 
surface  facing  the  other  end  of  the  box,  which  has  an  opening  cor- 
responding to  the  size  of  the  reflector,  c  is  a  light  frame  fixed  by 
a  support,  J,  to  a  piece  of  wood  or  other  material,  e,  with  which  it 
slides  on  the  bottom  of  the  box  in  a  direction  to  and  from  the  face 
of  the  reflector  and  lengthwise  of  the  box ;  this  frame  is  intended 
to  carry  the  prepared  material  on  which  the  impression  is  to  be  made 
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by  the  reflected  image ;  the  material  may  be  retained  in  the  proper 
position  against  the  frame  by  a  small  spring,  /,  pressing  against  the 
material  on  the  back ;  and  between  the  spring  and  the  frame,  c,  the 
prepared  surfisice  is  slid.  A  small  door  is  made  on  the  top  of  the 
box  for  the  purpose  of  observing  the  focal  image,  and  the  frame  is 
elided  till  properly  adjusted  to  the  focus.  The  box,  a,  should  be 
placed  on  a  table  or  other  support,  at  such  height  that  the  centre  of 
the  reflector  may  be  about  as  high  as  that  part  of  the  person  vhich  is 
intended  to  be  in  the  middle  of  the  picture.  When  the  reflecting 
apparatus  is  to  be  used,  the  person  whose  likeness  is  to  be  taken 
should  be  placed  in  a  chair,  to  which  some  suitable  support  for  the 
head  is  attached,  to  enable  him  to  remain  perfectly  stUl,  and  the 
reflecting  aparatus  should  then  be  placed  wit^  the  open  end  imme- 
diately opposite  to  the  person.  A  trial  surface  is  then  to  be  put 
against  the  frame  to  receive  the  reflected  image,  by  which  means  its 
correct  placing  will  readily  be  judged  of  by  looking  through  the  hole  in 
the  box,  a,  and  the  focus  will  be  adjusted  by  sli^g  the  piece,  e ;  the 
trial  surface  is  then  to  be  removed,  and  the  prepared  surface  is  to  be 
placed  in  the  fr-ame  and  allowed  to  remain  as  long  as  required  to  form 
the  image,  and  a  little  practice  will  readily  enable  the  operator  to 
judge  when  the  required  effect  is  obtained.  The  size  of  the  reflecting 
apparatus  I  use,  is  as  follows  :  the  box,  a,  inside  fifteen  inches  long, 
eight  and  a  half  inches  high,  and  eight  inches  wide,  and  the  interior 
is  black ;  reflector  seven  inches  dear  diameter,  and  twelve  inches 
focus  ;  the  prepared  surface  on  to  which  the  picture  is  to  be  formed 
is  two  and  a  half  inches  long,  by  two  inches  wide,  but  these  dimen- 
sions may  be  varied.  In  using  the  apparatus  above  described,  when 
the  daylight  is  very  bright,  I  prefer  that  the  inclined  glass  roof,  a, 
of  the  room  should  be  glazed  with  blue  glass,  or  otherwise  to  soften 
the  bright  rays  of  light,  in  order  that  the  person  sitting  to  have  a 
likeness  taken  maybe  as  near  as  possible  to  the  glass  roof;  but  when 
there  is  a  bright  sunshine,  I  use  a  large  looking-glass  or  reflector. 
I  prefer  to  use  a  large  concave  reflector  to  collect  the  rays  of  light 
from  the  sun  and  throw  it  on  the  person  sitting. 

I  place  the  reflecting  apparatus  out  of  the  centre  of  the  large  re- 
flector, B,  generally  behind  the  large  reflector,  by  having  a  hole 
through  such  large  reflector  towards  9ie  outer  edge  thereof ;  and  in 
making  such  large  reflector,  b,  I  find  that  it  may  be  done  by  forming 
a  frame  of  wood  to  the  figure  or  shape  required,  and  then  covering  the 
surfieu;e  with  smaU  squares  of  looking-glass  of  five  or  six  inches 
square ;  this  is  a  cheap  and  convenient  way  of  making  such  a  re- 
flector on  a  large  size  for  the  purpose,  but  I  do  not  confine  myself 
thereto,  the  object  being  to  obtain  a  large  reflector  to  collect  the 
light  and  direct  it  strongly  on  a  person  or  other  object,  fix>m 
which  it  is  desired  to  obtain  a  likeness  or  image  on  to  a  prepared 
surface.  In  preparing  plates  wi^  silver  surfaces  to  render  them  more 
suitable  for  receiving  impressions  or  images  thereon,  and  then  have 
the  surface  protected  from  change,  I  take  sheets  of  copper  with  a 
surface  of  sUver,  such  as  is  now  commonly  used  accordmg  to  the 
process  known  as  Daguerreotype,  and  place  two  such  plates  together, 
with  their  sUver  surfiioes  touclung,  those  surfaces  having  been  care- 
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fully  wiped  clean  with  cotton,  and  aided,  if  necessary,  with  dilute 
sulphuric  acid ;  and  I  pass  such  two  plates  five  or  six  times  between 
a  pair  of  smooth  hardened  rollers.  I  then  anneal  the  plates  by  heat- 
ing  them  to  a  low  red  heat  and  permit  them  to  cool.  Then  I  again 
subject  them  to  the  add  process,  and  then  I  pass  them,  silver  face  to 
fiice,  between  the  rollers,  the  rollers  being  set  slightly  doser  together 
as  the  plates  wiU  have  become  somewhat  thinner,  and  I  repeat  such 
jolling  and  annealing  till  I  find  the  silver  surfiaces  are  highly  polished 
and  equal  in  appearance  all  over  the  silver  surfaces.  They  will  then 
be  ready  for  the  next  process,  which  consists  in  taking  a  small  bunch 
or  tuft  of  cotton,  and  dipping  it  into  dilute  nitric  acid,  and  then  into  tri- 
poll,  and  very  lightly  rubbing  the  silver  surface  of  a  plate,  then  quickly 
and  carefully  rubbing  off  the  acid  and  tripoli  with  di^  cotton :  in  these 
rubbings  a  circular  motion  is  to  be.  observed.  I  then  take  a  surface  of 
vdvet,  having  dusted  on  it  some  impalpable  powder  of  charcoal  from 
a  muslin  bag,  and  rub  the  silver  surface  of  the  plate  in  a  direction 
transversely  of  the  length  of  plate,  when  the  required  surfece  will  be 
obtained,  and  Lb  ready  to  undergo  the  iodine  process,  as  is  well  under- 
stood ;  but  I  prefer  that  the  iodine  should  not  be  used  separatdy, 
but  that  it  should  be  combined  with  nitric  acid  and  water,  or  with 
bromine,  or  with  both,  or  with  bromic  acid ;  and  I  perform  this  ope- 
ration in  the  following  manner :  I  place  a  square  glass  vessel  somewhat 
larger  than  the  plate  to  be  operated  on,  in  a  box  made  of  wood, 
widi  a  cover  with  an  opening  at  each  end  to  allow  of  a  plate  of  glass 
to  slide  closely  across,  so  as  to  permit  of  as  little  escape  of  vapour  as 
possible,  the  plate  glass  slide  being  somewhat  more  than  twice  the 
length  of  the  box,  and  in  one  part  thereof,  towards  one  end,  an  open- 
ing is  formed  through  the  glass  large  enough  to  receive  the  metal 
plate  and  yet  not  to  allow  it  to  drop  through ;  by  this  means  the  slide 
can  bring  the  plate  of  metal  directly  over  the  box,  in  order  that  the 
vapours  as  they  arise  may  come  in  contact  with  the  silver  surface, 
which  is  placed  downwards,  and  in  a  few  seconds  it  will  be  ready  to 
be  put  into  the  reflecting  apparatus,  to  receive  an  impression,  or  it 
may  be  put  into  a  suitable  dark  case  for  holding  several  such  plates 
ready  for  use.  In  combining  iodine  with  nitric  acid  and  water,  I  put 
equal  parts  of  iodine,  nitric  acid,  and  of  water,  and  in  combining 
bromine  therewith,  I  combine  an  equal  part  with  each  of  the  other 
three,  or  I  omit  to  use  nitric  add,  and  use  sulphuric  acid  and  water, 
or  I  omit  the  use  of  acid  and  simply  combine  iodine  and  bromine  in 
the  box  above  mentioned,  and  the  required  vapours  will  quickly  ope* 
rate  on  the  metal  plate,  the  other  portion  of  the  glass  slide  closing 
the  box,  when  no  plate  is  being  operated  on.  And  I  have  only 
further  to  remark,  that  when  the  impression  has  been  obtained,  the 
plate  is  to  be  operated  on  by  the  mercury,  and  the  fixing  and  wash- 
ing processes,  in  like  manner  to  the  treatment  well  understood  when 
treating  plates  which  have,  according  to  the  process  of  Daguerreo- 
type, received  an  impression  or  image  by  the  aid  of  a  camera,  all 
which  is  weU  known,  and  in  use,  and  forms  no  part  of  the  invention. 
In  taking  impressions  or  obtaining  images  by  the  aid  of  the  apparatus 
above  described,  it  is  desirable  to  use  a  screen  behind  the  person 
sitting  to  have  a  likeness  taken,  and  for  this  purpose  a  plate  of  ground 
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plate  gloss  or  other  semi-transpaient  surface,  through  which  the 
shadow  of  the  person  may  pass  ;  and  at  the  hack  of  such  screen  I 
have  a  frame  capahle  of  being  set  nearer  to  or  further  from  the  back 
of  the  screen,  and  in  this  frame  I  have  a  white  surface  capable  of  re- 
ceiving the  shadow  so  passed  through  the  semi-transparent  screen, 
and  by  causing  such  white  surface  to  come  nearer  to  or  further  from 
the  screen,  I  obtain  varying  effects  of  light  and  shade  in  the  picture 
produced.  And  I  find  it  of  advantage  sometimes  to  use  a  brown, 
blue,  or  black  back  surface,  particularly  when  taking  images  of  plaster 
busts  or  other  white  objects ;  for  it  will  be  evident  that  although  I 
have  thus  far  confined  the  description  to  the  taking  likenesses  from 
human  beings,  any  other  object  having  the  apparatus  placed  suitably 
in  front  of  it,  will  be  received  on  the  reflector,  and  reflected  to  the 
prepared  surface,  in  like  manner  to  that  of  a  person.  And  I  would 
also  remark,  that  in  using  a  large  concave  reflector  to  collect  the 
light  as  above  explained,  I  find  it  desirable  to  stretch  across  the  front 
thereof,  a  surface  of  tissue  paper  varnished  with  boiled  oil,  such  as 
is  used  for  tracing  paper,  as  it  has  the  effect  of  scattering  the  light 
and  producing  a  better  effect  in  the  picture. 


Repertory  of  Patent  Inventions,  N.S.,  vol.  xv.  p.  13. 
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ON  THE  POLISHED  ROCKS  OF  FOMTAINBLEAU. 
BY  M.  DUROCHER. 

In  the  Comptes  Rendus  de  PA  caddie  des  Sciences,  for  July  12, 
1841,  we  find  a  **  Notice  on  the  traces  of  polishing  which  the  dilu- 
vium has  left  on  the  sandstones  of  Fontainbleau,"  by  M.  Durocher, 
of  which  the  following  is  a  translation. 

In  the  places  where  the  diluvium  of  the  valley  of  the  Seine  has 
extended,  following  the  general  direction  from  east-south-east  to 
west-north-west,  those  marks  of  polish  which  are  seen  so  frequently 
and  so  distinctly  in  Scandinavia  and  in  the  Alps,  had  not  hitherto 
been  observed  on  the  surface  of  the  rocks.  This  is  probably  occa- 
sioned by  the  soft  nature  of  the  rocks  which  form  the  Paris  basin, 
and  their  mechanical  disaggregation  under  the  influence  of  exterior 
agents.  It  is  the  same  in  the  countries  to  the  south  of  the  Baltic, 
on  which  the  diluvium  of  the  north  has  formed  thick  deposits  of  the 
fragments  of  the  Scandinavian  rocks  :  as  only  schists  or  limestones 
are  found  in  them,  it  is  not  possible  that  the  marks  produced  by 
the  passing  of  the  currents  should  have  been  preserved  to  our  times; 
and  yet  their  existence  cannot  be  called  in  question ;  for  in  boring  a 
well  through  the  diluvial  soil  in  Prussia,  on  reaching  the  solid  rock 
it  was  found  polished  and  grooved  as  in  Sweden  and  Finland :  the 
deposit  which  covered  it  had  served  as  the  means  of  preservation. 
The  absence  of  these  traces  in  many  places  which  have  been  the 
theatre  of  diluvial  phaenomena,  is  therefore  to  be  attributed  to  atmo- 
spheric action. 

Amongst  the  formations  which  constitute  the  Paris  basin,  the 
sandstones  alone  appear  to  me  capable  of  preserving  any  remains  of 
diluvial  impressions :  in  an  excursion  which  I  recently  made  to  Fon- 
tainbleau, I  indeed  recognised  that  these  marks  were  not  entirely 
effaced.  In  the  forest  of  Fontainbleau  there  are  but  very  few  spots 
where  this  can  be  observed ;  the  principal  cause  which  hinders  this, 
is,  that  the  solid  sandstone  seldom  appears  at  the  surface  in  great 
areas.  It  is  almost  everywhere  covered  with  a  vegetable  crust,  and 
unfortunately  in  the  smeJl  number  of  cases  where  it  may  be  seen,  it 
is  nearly  always  disaggregated  and  reduced  to  sand.  As  to  the 
blocks  which  are  found  heaped  up  in  such  great  numbers  and  pro- 
digious size,  it  is  difficult  to  discern  upon  their  surface  the  marlu  of 
the  currents  of  water  which  displaced  them,  and  gave  them  their 
various  and  fantastical  forms.  It  is  only  in  the  spot  well  known  by 
the  name  of  the  Gorges  de  Franchard,  that  I  was  clearly  able  to  re- 
cognise the  traces  of  the  passage  of  great  masses  of  water. 

I  will  endeavour  to  notify,  as  precisely  as  possible,  the  points  where 
I  observed  it  most  distinctly.  In  foUovring  the  road  which  leads 
from  the  Cross  of  Souvray  (on  the  road  of  Ury)  to  Franchard,  when 
we  reach  the  spot  where  this  road  makes  a  slight  deviation  to  the 
north-east,  we  must  take  the  road  which  leads  to  the  Rochers-des- 
hautes-plainee,  and  turn  at  the  third  path  to  the  right :  this  crosses 
a  small  plain  covered  with  heath,  and  leads  straight  to  the  defile  of 
Franchard.     It  opens  into  the  principal  valley  by  a  slightly  inclined 
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entrance,  and  forms,  as  it  were,  a  cutting  in  the  line  of  rocks  which 
border  the  valley  on  this  side.  It  is  by  descending  this  way,  that 
the  traces  of  polish  may  be  observed  on  both  sides  of  this  species  of 
defile,  but  chiefly  on  the  right  side.  There  are  very  large  blocks 
there,  and  also  masses  of  flattened  rock,  which  seem  to  be  a  part  of 
the  sandstone  layers,  or  to  have  been  but  little  moved  from  their 
position.  Upon  examining  their  surface,  we  see  that  it  is  polished, 
and  even  presents  indications  of  broad  furrows,  the  resemblance  of 
which  to  the  diluvian  furrows  of  the  Alps  or  of  Scandinavia,  it  is 
impossible  to  mistake.  A  circumstance  which  precludes  any  doubt 
that  the  marks  are  owing  to  the  action  of  masses  of  water,  is,  that 
they  are  directed  according  to  the  declivity  of  the  defile,  and  fall 
towards  the  interior  of  the  central  valley. 

Upon  examining  the  surface  quite  near,  we  see  no  fine  grooves 
as  we  do  on  the  granites  and  gneiss  of  the  Alps ;  nor  is  there  any 
reason  to  be  surprised  at  this,  because  these  sandstones,  not  being 
formed  of  grains,  which  are  strongly  agglutinated  together,  were 
not  adapted  for  receiving  and  retaining  very  fine  grooves.  The 
polish  is  also  visible  on  the  largest  blocks  of  sandstone ;  there  are 
several  flattened,  which  are  raUier  sunk  in  the  earth  or  lie  above  it 
on  their  broadest  side,  which  is  nearly  horizontal  and  rugged,  whilst 
the  superior  surface  is  polished ;  by  a  close  examination,  we  find 
that  the  polish  is  not  owing  to  the  friction  of  these  masses  against 
each  other  or  against  the  earth,  but  to  the  action  of  the  waters. 

On  the  north  anticlinal  of  the  valley  of  Franchard,  on  the  side 
opposite  to  that  I  have  just  mentioned,  we  find  another  little  defile 
at  the  spot  where  the  mass  of  blocks  called  Roche- qui-pleure  is 
situated  :  there  the  polish  is  still  visible,  but  only  upon  some  blocks 
having  the  position  already  described ;  several  amongst  them  show 
on  their  sides  circular  and  rounded  cavities,  which  appear  to  me  to 
have  been  caused  by  a  whirling  of  waters ;  they  seem  to  have  fol- 
lowed the  declivity  of  the  land  in  its  present  configuration,  and  to 
have  been  precipitated  towards  the  middle  of  the  valley.  It  would 
have  been  interesting  to  see  the  disposition  of  the  traces  at  the  very 
bottom  of  the  valley  ;  but  it  is  impossible,  for  the  ground  is  covered 
with  sand  and  vegetable  earth :  there  are  very  few  blocks ;  the 
greater  number  of  them  are  in  heaps,  crowning  the  two  crests. 

This  valley  of  Franchard  may  be  compared  to  a  cutting  hollowed 
by  the  waters  in  the  high  plain  of  sandstone  which  forms  the 
western  part  of  the  forest,  and  the  level  of  which  is  very  much 
higher  than  that  of  the  town  of  Fontainbleau.  The  mean  direction 
is  from  the  east  10°  south,  to  the  west  10°  north ;  this  is  the  gene- 
ral direction  of  the  numerous  lines  of  hills  covered  with  blocks,  and 
disposed  in  the  form  of  bands  extended  in  the  same  direction ;  the 
most  prominent  type  of  this  disposition  is  the  small  chain  which 
extends  from  the  Sablons  to  near  Milly,  and  the  difiPerent  rings 
(anneaux)  of  which  bear  the  names  of  Rocher-de-bon-Ligne,  of  the 
Salamander,  of  Trape-charette,  &c. 

As  M.  Elie  de  Beaumont  has  so  judiciously  observed,  these  bands 
take  the  direction  W.N.W.,  which  the  Seine  follows  before  recei- 
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ying  the  Loing  at  Saint  Manvert,  and  which  it  again  takes  beyond  Me  - 
lun.  It  is  probable  that  at  the  diluvian  epoch  the  current  followed 
the  same  line  from  the  E.S.E.  to  the  W.N.W.,  that  it  must  have 
coyered  the  whole  extent  now  occupied  by  the  forest,  and  that  it 
hollowed  out  those  broad  furrows,  the  ridges  of  which  are  crowned 
by  blocks.  The  sandstone  of  Fontainbleau  bang  formed  of  friable 
and  of  more  cohering  layers,  the  former  were  doubtless  undermined 
by  degrees  by  the  action  of  the  waters ;  and  then  the  solid  layers, 
being  no  longer  upheld  at  their  base,  must  have  been  broken  up,  and 
have  produced  those  vast  heaps  which  give  such  wild  and  pictu- 
resque aspects  to  this  forest. 

[On  the  subject  of  the  preceding  notice  of  M.  Durocher,  see  abs« 
tracts  of  communications  made  to  the  Geological  Society  by  Prof. 
Agassiz,  Dr.  Buckland,  and  Mr.  Lyell,  p.  565,  569 — 590,  of  the  pre- 
ceding volume  (S.  S.  xviii.)  of  the  Philosophical  Magazine ;  and 
some  remarks  by  Mr.  Murchison  and  M.  de  Vemeuil,  in  their  paper 
on  the  Geology  of  Russia,  a  notice  of  which  wiU  appear  in  a  future 
Number :  also  Dr.  Locke's  notice  of  diluvial  or  glacial  scratches  on 
rocks  in  America,  noticed  in  the  Annals  and  Magazine  of  Natural 
History,  vol.  vii.  p.  524  ;  and  M.  Sefstrom's  Memoir  on  the  Furrows 
of  the  Scandinavian  Mountains  in  the  Scibntifio  MKMOiBS,Partix. 
— ^Edit.]  -_.,«-.«_ 

ON  THE  COMPOSITION  OF  THE  BRAIN  OF  MAN.      BY  M,  FREMY. 

It  results  from  the  researches  of  M.  Fremy  that  the  brain  of  man 
is  formed  of  a  considerable  quantity  of  water  and  of  matter  insoluble 
in  aether,  which  he  describes  as  albuminous  matter. 

The  portion  soluble  in  aether  is  formed  chiefly  of  three  substances : 

Ist.  The  white  matter  discovered  by  Vauquelin,  in  which  M. 
Fremy  has  detected  very  decided  acid  properties,  and  which  he  calls 
cerelmc  acid. 

2ndly.  A  liquid  fatty  matter,  which  has  all  the  properties  and  com- 
position of  the  olein  of  human  fat,  analysed  by  M.  Chevreul. 

Srdly.  Cholestrin  discovered  in  the  brain  by  M.  Couerbe.  There 
are  besides  found  in  the  brain  variable  and  very  small  quantities  of 
oleic  acid,  margaric  acid,  cerebrate  of  soda,  and  albuminous  matter ; 
to  obtain  these  results,  the  author  cuts  the  brain  into  small  pieces, 
boils  it  repeatedly  in  alcohol,  and  allows  it  to  remain  for  some  days 
in  this  liquid.  The  object  of  this  operation  is  to  remove  the  water 
contained  in  the  brain,  and  to  coagulate  the  albumen ;  the  cerebral 
mass  has  then  lost  its  elasticity,  and  may  be  submitted  to  pressiue ; 
the  alcohol  retains  traces  only  of  cerebric  acid,  which  may  be  sepa- 
rated by  the  filter ;  the  brain  is  then  to  be  treated  with  boiling  alco- 
hol, till  it  ceases  to  dissolve  any  further  portion ;  the  liquors  are  to 
be  evaporated,  and  the  residue  treated  with  boiling  absolute  alcohol, 
which  removes  the  olein,  the  cerebric  acid,  the  cholestrin  and  the 
oleic  and  margaric  acids ;  the  albuminous  matter  and  cerebrate  of 
soda  do  not  dissolve.  On  the  cooling  of  the  alcohol  the  cholestrin 
and  cerebric  acid  are  deposited ;  these  are  to  be  separated  by  cold 
aether,  which  readily  dissolves  die  cholestrin  and  leaves  the  cerebric 
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acid.  In  order  to  purify  the  cerebric  acid,  it  must  be  boiled  ^th 
slightly  acidulated  alcohol,  in  order  to  decompose  the  cerebrate  of 
soda,  which  is  always  mixed  with  cerebric  acid.  Cold  alcohol  holds 
the  olein,  and  the  oleic  and  margaric  acids :  it  is  to  be  rendered  slightly 
alkaline  by  ammonia  and  evaporated,  and  by  these  means  the  olein  is 
deposited  when  the  liquor  has  acquired  a  certain  degree  of  concentra- 
tion, whilst  the  oleate  and  margarate  of  ammonia  remain  in  solution. 

Tlie  albuminous  matter  and  the  cerebrate  of  soda,  which  have  re- 
sisted the  action  of  the  absolute  alcohol,  are  in  their  turn  treated  with 
boiling  alcohol,  acidulated  with  hydrochloric  acid,  which  decomposes 
the  cerebrate  of  soda.  The  cerebric  acid  set  free  dissolves  very  r^dily 
in  alcohol ;  there  then  remains  a  coloured  matter,  albuminous  in  its 
nature,  which  contains  sulphur,  but  never  phosphorus. 

After  having  thus  determined  the  composition  of  the  fatty  matters 
of  the  brain,  M.  Fremy  examined  the  substances  which  M.  Couerbe 
has  described  by  the  names  ^l^nc^phol,  c^phalote  and  8t6aroconote: 
and  he  states  that  the  first  is  formed  of  olein  and  cerebrate  of  soda ; 
that  the  second  contains  olein  and  cerebrate  of  soda,  associated  with 
traces  of  albumen ;  and  that  the  last  is  merely  a  mixture  of  albumen 
and  cerebrate  of  soda. 

In  analysing  the  brain  in  different  states  and  of  different  ages, 
M.  Fremy  found  that  the  quantity  of  free  fatty  acids  was  variable ; 
and  that  it  even  sometimes  increased  when  the  fatty  matters  were  left 
in  a  closed  bottle.  He  discovered  the  cause  of  this  curious  phseno- 
menon  by  referring  to  the  observations  of  M.  Chevreul  on  the  fet 
of  carcases, and  to  the  memoir  of  MM.  Pelouze  and  Boudet,  in  which 
they  mention  the  spontaneous  saponification  of  palm  oil.  He  further 
observed,  that  it  was  the  albuminous  matter  of  the  brain  which  had 
the  property  of  eventually  converting  the  olein  into  oleic  acid.  Lastly, 
he  found  by  analysis,  that  all  the  fatty  bodies  occur  in  the  white  sub- 
stance of  die  brain,  and  that  the  gray  portion  contsiined  only  traces 
of  it ;  if  therefore  the  anatomy  of  the  brain  were  to  be  represented  in  a 
chemical  point  of  view,  it  maybe  said  that  the  substance  which  forms, 
so  to  speak,  the  frame  of  the  brain,  is  originally  gray,  and  that  it  is 
the  fatty  matter  which  infiltrates  and  spreads  in  tifie  interior  of  this 
gray  matter,  that  forms  the  white  zones  which  constitute  the  white 
portion  of  the  brain. — Journal  de  PHannacie,  torn,  xxvii.  p.  766. 

ACTION  OF  PEROXIDE  OF  IRON  ON  POTASH.      BY  M.  FREMY. 

The  evident  analogy  which  exists  between  iron  and  manganese, 
leads  to  the  opinion  that  similar  compounds  of  them  will  sooner  or 
later  be  formed. 

This  idea  induced  M.  Fremy  to  suppose  that  it  might  be  possible 
to  form  salts  in  which  an  oxygenated  compound  of  iron  would  act  the 
electro-negative  part,  and  which  would  thus  correspond  with  the 
compounds  of  manganic  and  oxymanganic  acid  with  bases ;  and  the 
following  experiments  are  conceived  by  M.  Fremy  to  demonstrate 
that  iron  can  give  rise  to  compounds  produced  under  the  same  cir- 
cumstances as  the  manganates,  and  possessing  a  striking  analogy 
with  that  species  of  salts. 
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When  a  mixture  of  peroxide  of  iron  and  potash  is  kept  for  some 
time  at  a  strong  red  heat,  a  brown  mass  is  obtained,  which, 
treated  with  water,  gives  a  solution  of  a  very  fine  violet-red  colour ; 
this  compound  is  very  soluble  in  water,  but  a  large  quantity  of  water 
eventually  decomposes  it :  it  becomes  insoluble  in  water  which  is 
very  alkaline,  but  gives  a  brown  precipitate,  which  dissolves  readily 
in  pure  water,  and  yields  a  solution  of  a  fine  purple  colour.  It  ap- 
pears to  be  much  less  permanent  than  manganate  of  potash ;  imder 
certain  circumstances  it  decomposes  at  common  temperatures  into 
oxygen  gas,  which  escapes,  and  peroxide  of  iron  which  precipitates  ; 
and  a  solution  of  free  potash  remains,  which  is  perfectly  colourless. 
At  212°  Fahr.  it  undergoes  similar  decomposition  instantaneously  : 
all  organic  substances  decompose  it ;  consequently  it  is  impossible  to 
filter  the  solution. 

This  compound  may  be  more  readily  prepared,  and  in  a  few  mi- 
nutes, by  calcining,  at  a  high  temperature,  a  mixture  of  nitre,  potash 
and  peroxide  of  iron ;  or  by  heating  a  mixture  of  peroxide  of  potas- 
sium and  peroxide  of  iron.  This  compound  was  also  formed  in  the 
humid  way  by  passing  a  current  of  chlorine  gas  into  a  very  concen- 
trated solution  of  potash,  holding  peroxide  of  iron  in  suspension. 

The  fact  stated  seems  to  indicate  the  existence  of  a  body  more 
highly  oxygenated  then  peroxide  of  iron.  M.  Fremy  could  not, 
however,  isolate  any  such  compound;  for  when  the  solution  is 
treated  with  an  acid,  and  the  potash  is  saturated,  oxygen  is  disen- 
gaged and  peroxide  of  iron  is  precipitated ;  if  the  acid  is  in  excess, 
the  peroxide  of  iron  is  dissolved,  and  a  salt  of  this  oxide  is  formed.— 
Journal  de  Pharmacie,  tom.  xxvii.  p.  97. 

PREPAKATION  OF  GUAIAIC  ACID.      BV  M.  THIERRY. 

To  prepare  this  acid  M.  Thierry  dissolves  the  pure  guaiacum  resin 
of  commerce  in  the  requisite  of  alcohol,  sp.  gr.  (56  c.) ;  the  tinc- 
ture is  to  be  filtered,  and  three -fourths  of  the  spirit  used  are  to  be 
distilled ;  when  the  operation  is  over  there  remains  in  the  retort  a 
yellowish  liquor,  above  a  quantity  of  resin ;  when  cool  the  liquor  is 
to  be  filtered. 

This  liquor  is  acid,  and  is  to  be  saturated  with  barytes  water,  with 
which  it  forms  a  soluble  salt ;  the  liquor  is  to  be  evaporated  to  half 
in  a  water-bath,  and  the  guaiacate  obtained  is  to  be  decomposed  by 
dilute  sulphuric  acid ;  and  it  is  better  that  a  little  of  the  salt  should 
remain  undecomposed,  rather  than  excess  of  acid  should  be  used ; 
for  the  latter  during  the  concentration  of  the  guaiaic  acid  reacts 
upon  and  decomposes  a  portion  of  it ;  if,  however,  any  should  have 
been  employed,  a  little  barytes  water  may  be  used  to  precipitate  it ; 
when  the  sulphate  of  barytes  has  been  separated  the  solution  is  to 
be  evaporated  in  a  water-bath  to  the  consistence  of  a  sjrrup ;  the 
residue  is  to  be  put  into  a  matrass,  and  the  mixture  is  to  be  shaken 
repeatedly  for  some  time  ;  the  aether  dissolves  the  guaiaic  acid,  but 
does  not  act  upon  the  extractive  matter;  the  liquor  is  to  be  de- 
canted, and  when  the  aether  is  evaporated,  the  guaiaic  acid  is  de- 
posited in  irregular  mammiUated  masses  on  the  sides  of  the  vessel. 
The  acid  thus  obtained  is  not  however  quite  pur^ ;  it  contains  some 
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resinous  matter,  and  in  order  to  free  it  from  this  it  must  be  sublimed 
very  cautiously. 

This  acid  is  obtained  in  the  state  of  fine  needles ;  it  is  soluble  in 
water,  in  alcohol  and  in  aether ;  it  differs  from  benzoic  and  cinnamic 
acid  in  their  being  slightly  soluble  in  water,  whereas  guaiaic  acid  is 
perfectly  soluble  in  it. 

M.  Thierry  has  not  yet  analysed  this  acid,  and  he  states  that  the 
substance  noticed  by  M.  Rigluni  as  guaiaic  acid  in  the  Journal  de 
Chhfiie  MSdicale,  1836,  is  not  truly  this  acid,  but  a  resinous  matter 
which  has  been  saponified  by  magnesia,  and  which  is  precipitated 
when  no  longer  held  in  solution  by  an  alkali. — Journal  de  Phar- 
made,  tom.  xxvii.  p.  882. 


LONDON  INSTITUTION. 

The  Lectures  for  the  season  will  commence  on  Monday,  Novem- 
ber 8th,  when  Mr.  Grove  (whose  appointment  to  the  Chair  of 
Experimental  Philosophy  in  this  Institution  we  have  already  re- 
corded) will  deliver  the  first  lecture  of  a  Course  on  Magnetism.  On 
Thursday,  November  11,  Mr.  Brayley  will  begin  a  Course  on 
Meteorology ;  and  on  Thursday,  January,  6,  1 842,  Professor  Grove 
will  commence  another  Course,  the  subject  of  which  will  be  the 
Physical  Elements  of  the  Ancient  Philosophers.  The  series  will  also 
include  lectures  on  Manufactures,  by  Mr.  E.  Cowper,  of  King's 
College ;  on  Rome,  by  Dr.  Vaughan ;  on  Painting,  by  Mr.  Haydon ; 
on  Music,  by  Mr.  Gauntlett ;  on  the  Fossil  Remains  of  Extinct  Ani- 
mats,  by  Professor  Ansted,  of  King's  College ;  on  Numismatics,  by 
Mr.  J.  Williams ;  on  America,  by  Mr.  Buckingham  ;  and  on  Shak* 
spere,  by  Mr.  C.  C.  Clarke.  Four  Conversazioni  will  also  be  held, 
on  the  evenings  of  Wednesdays,  January  19,  1842,  February  16, 
March  16,  and  April  20. 

Mr.  Brayley's  Course  on  Mbteorologt  will  consist  of  Four  Lec- 
tures ;  designed,  principally,  to  illustrate  the  more  recent  observa- 
tions and  discoveries,  and  to  review  the  present  state  of  our  know- 
ledge respecting  Igneous  Meteors  and  Meteorites. 

SCIENTIFIC  BOOKS. 

CoNCHOLooiA  Systematica,  or  complete  System  of  Conchology : 
in  which  the  Lepades  and  MoUusca  are  described  and  classified  ac- 
cording to  their  Natural  Organization  and  Habits ;  illustrated  with 
300  highly  finished  Copper  Plate  Engravings,  by  Messrs.  Sowbrbt, 
containing  above  1500  figures  of  Shells.  By  Lovsll  Rekvb» 
F.Z.S.,  Member  of  the  Cuvierian  Society  of  Paris,  &c. 

The  Undulatory  Theory,  as  applied  to  the  Dispersion  of  Light. 
By  the  Rev.  Baden  Powell,  M.A.,  F.R.S.,  F.G.S.,  Savilian  Pro- 
fessor in  the  University  of  Oxford. 

A  Manual  of  Electricity,  Magnetism  and  Meteorology.  By 
DioNYsius  Lardner,  D.C.L.,  F.R.S.,  &c. 

A  List  of  the  Genera  of  Birds,  with  their  Synonyma,  and  an 
indication  of  the  typical  species  of  each  genus,  by  George  Robert 
Gray.  2nd  edit.  8vo. 

A  New  Process  for  purifying  the  Waters  supplied  to  the  Metro- 
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polis  by  the  existing  Water  Companies,  rendering  each  water  much 
softer,  preventing  a  for  on  boiling,  separating  vegetating  and  co- 
louring matter,  destroying  numerous  water-insects,  and  withdrawing 
from  solution  large  quantities  of  solid  matter,  not  separable  by  mere 
filtration.  By  Thomas  Clabk,  Professor  of  Chemistry  in  the  Uni* 
veraity  of  Aberdeen.  2nd  edit.  8vo. 

An  Illustrated  Catalogue  of  British  Plants,  arranged  according  to 
the  Natural  Orders,  with  references  to  Smith,  Hooker,  Lindley, 
Macreight,  &c.  By  C.  £.  Sowbbbt,  A.L.S.  To  be  continued 
monthly. 

An  Essay  on  Single  Vision.  By  John  Thomas  Woodhousx, 
M.D.,  Fellow  of  Gonville  and  Caius  College,  Cambridge. 

A  Practical  Treatise  on  the  Manufacture  and  Distribution  of 
Coal-Ghis ;  its  Introduction  and  progressive  Improvement ;  illustrated 
by  Engravings  from  working  drawings,  with  general  estimates.  By 
Samubl  Clbgo,  Jun.,  Civil  Engineer. 

Preparing  for  Publication. 
The  Gbology  and  Minb&alogt  of  Enoinbbbino  ;  comprehend- 
ing  the  elements  of  the  sciences  of  CBconomic  Geology  andMineralogy 
applied  to  the  Arts.  By  E.  W.  B&atlbt,  Jun.,  Fellow  of  the  lin- 
naean  and  Geological  Societies;  Associate  of  the  Institution  of 
Civil  Engineers ;  Corresponding  Member  of  the  Royal  Geological 
Society  of  Cornwall,  &c. 

MBTBOROLOGICAL  OBSERVATIONS  FOR  SEPT.  1841. 

Ckiiwick. — Sept.  1.  Very  fine.  2.  Slight  fog:  very  fine:  clear.  3.  Very 
fine :  showery  :  heavy  rain.  4.  Stormy  and  wet.  5.  Cloudy  and  fine :  rain : 
cold  fog.  6.  Dense  fog  :  haiy  :  foggy  at  night.  7.  Foggy  :  rain.  8.  Fine. 
9.  OTercaat.  10,  11.  Aggy :  Tery  fine.  12»  Id.  Very  hot  for  the  period  of  the 
seaaon.  14.  Dry  haie :  very  fine.  15.  Very  fine:  rain  at  night.  16—20.  Very 
fine.  21.  Hasy:  Tery  fine.  22.  Rain:  very  fine.  23.  Heavy  rain.  24.  Cloudy  i 
raio.  25.  Showery.  26.  Showery :  stormy  with  rain  at  m'ght.  27.  I^ne :  light- 
ning and  vary  heavy  rain  at  night.  28.  Rain  :  boisterous.  29.  Boisterous : 
clear  at  night.    SO.  Boisterous,  with  rain  :  clear  and  fine. 

JlMfofk^-Sept.  1.  Foggy :  rain  yesterday  rM.  2.  Fine.  S.  Rain :  heavy  rain 
P.V.  4.  Cloudy :  stormv,  with  rain  r.M.  5.  Cloudy :  rain  p.ic*  6.  Fine.  7. 
Cloudy :  rain  p.m.  8.  Cloudy.  9.  Fine.  10.  Cloudy :  thermometer  74^  three 
o'clock.  1 1.  Cloudy.  1 2.  Fine :  thermometer  80®  half-past  eleven  o'clock  a.m. 
13.  Fine :  thermometer  74"^  three  o'clock  p.m.  14.  Fine.  15.  Cloudv.  16.  Fine  : 
rain  A.K.  17.  Fine.  18.  Foggy.  19—21.  Cloudy.  22.  Cloudy:  rain  ▲.». 
23.  Rain  ajc.  24.  Cloudy :  rain  early  a.m.  25.  Fine.  26.  Cloudy :  rain 
cariy  A.M. :  nin  P.M.  27.  Fine.  28.  Stormy:  rain  early  a.ic.  29.  Stormy.  SO. 
Cloudy :  rain  early  am.  :  rain  p.m. 

Applegarlh  Manae,  Dumfriet-shire, — Sept.  1.  Fair  tSll  p.m.,  then  rained.  2. 
Continued  rain  P.M.  3.  Fair  and  fine.  4.  Fair  and  fine^  but  cloudy  a.m.  5.  Fair 
and  fine.  6.  Fair  and  fine:  hoar-frost  a.m.  7.  Cloudy  a.m:  rain  p.m.  8.  Wet 
Ajf.:  cleared  up.  9.  Wet  nearly  all  day.  10.  Wet  throughout.  11.  Cloudy 
A.M. :  wet  P.M.  12.  Hot  sun :  fiery  wind :  thunder.  13.  Clear:  fiery  wind : 
Grander.  14.  Showery  a.m.  :  wet  p.m.  :  thunder.  15.  Cloudy,  but  fair : 
thunder.  16.  One  shower.  17.  Fair  and  clear.  18,  19.  Fair  and  fine.  20^ 
21.  Fair  and  fine,  though  windy.  22.  Shower  in  the  afternoon.  23.  Fair  and 
fine.  24,  25.  Showers.  26.  Wet  a.m.  :  cleared  and  was  fine.  27.  Fair  but 
tbreateninff.  S8.  Heavy  showers.  29.  Heavy  rain  all  day :  thunder.  30.  One 
or  two  slight  showers. 

Sun  shone  out  26  days.  Rain  fell  15  days.  Thunder  5  days.  Frosty  hoiTi  2 
days. 
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DECEMBER    1841. 


LXII.  First  Sketch  of  some  of  the  principal  Results  of  a  Second 
Geological  Survey  of  Russia,  Communicated  hy  Roderick 
Impey  Murchison,  Esq.^  F.R.S.9  President  of  the  Geolo- 
gical Society. 

To  the  Editor  of  the  Philosophical  Magazine. 
Dear  Sir, 
¥T  was  my  earnest  wish  to  have  complied  earlier  with  your 
'-  request  when  I  left  this  country,  to  send  you  from  the  spot 
some  account  of  my  distant  wanderings;  but  the  desire  to 
avoid  communicating  early  conceptions  which  might  be  mo- 
dified by  subseouent  observation,  induced  me  to  stay  my  pen 
until  I  could  offer  something  worthy  of  a  place  in  the  Phi- 
losophical Magazine.  The  short  sketch  which  follows  was 
written  at  Moscow  near  the  close  of  the  journey,  and  is,  with 
some  very  slight  alterations,  the  translation  of  a  letter  ad- 
dressed to  M.  Fischer  de  Waldheim,  the  venerable  and  re- 
spected President  of  the  Society  of  Naturalists  of  that  metro- 
polis. Since  then,  besides  the  ofiicial  report  to  the  Minister 
of  Finance,  the  Count  de  Cancrine,  I  have  submitted  to  His 
Imperial  Majesty,  a  tabular  view  of  all  the  formations  in  Rus;- 
sia,  accompanied  by  a  general  map  and  a  section  from  the  Sea 
of  Azof  to  Su  Petersburg.  These  documents,  which  will  be 
engraved  in  the  course  oi  the  winter,  are  to  be  considered  only 
as  the  prelude  to  a  long  memoir  with  full  illustrations  of  the 
organic  remains,  mineral  structure  and  phvsical  features  of  the 
counti*y,  which  will  be  laid  before  the  CTeological  Society  of 
London,  as  soon  as,  with  the  assistance  of  my  fellow-labourers, 
I  shall  have  prepared  the  materials  for  the  public  eye.  In  the 
mean  time  the  friends  of  science  must  be  happy  to  learn,  that 
FfiiL  Mag.  S.  S.  Vol.  19.  No.  126.  Dec.  1841.      2  E 
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the  Emperor,  his  ministers  and  officers  have  powerfolly  and 
kindly  contributed  to  these  results  by  every  possible  aid  and 
support  which  geologists  could  receive.  Desirous  that  this 
inquiry  should  be  rendered  as  perfect  as  circumstances  will 
admit,  His  Imperial  Majesty  has  graciously  authorized  the  Mi- 
nister of  Finance,  the  Count  de  Cancrine,  to  permit  Count 
Keyserling  to  visit  this  country  during  the  winter,  to  coope- 
rate with  myself,  whilst  General  Tcheffkine,  the  chief  of  the 
Staff  of  the  Mining  Corps,  and  so  well  known  to  many  of  my 
English  friends,  has  obtained  permission  for  Lieut.  Koksharoff 
to  be  among  us  for  a  season,  to  complete  his  studies,  and  ac- 
quire a  correct  knowledge  of  those  British  strata  with  which 
the  deposits  of  our  ancient  allies  and  kind  friends  have  been 
compared. 

I  remain,  dear  Sir,  yours  most  faithfully, 
16  Belgrave  Square,  Roderick  Impey  Murcuison. 

Nov.  6, 1841. 

Letter  to  M.  Fischer  de  Waldheim^  Ex^Ptesident  of  the  Society 
of  Naturalists  of  Moscow. 

{Translation.) 
My  dear  Sir,  .     Moscow,  Oct.  8, 1841. 

As  vou  have  taken  a  lively  interest  in  the  success  of  the 
geological  expedition  which  I  have  just  completed,  accom- 
panied  by  my  friends  M.  de  Verneuil^  Count  de  Keyser- 
ling, and  Lieutenant  Koksharoff,  I  hasten  to  communicate  to 
vou  some  of  its  chief  results;  aqd  I  do  so  with  real  pieasurey 
because  in  requesting  you  to  present  them  to  the  Society  of 
Naturalists  of  Moscow,  I  acquit  myself  of  a  duty  towards  a 
distinguished  body  which  has  done  me  the  honour  of  placing 
my  name  in  the  list  of  its  foreion  members. 

The  wide  extension  in  the  Morth  of  Russia  of  the  Siluriaay 
Devonian  and  Carboniferous  Systems,  as  proceeding  from  the 
last  year's  survey,  by  the  same  observers  and  our  friend  the 
Baron  A.  de  Meyendor^  is  already  known  to  you  froni  the 
abstracts  of  memoirs  communicated  to  the  Geological  Societies 
of  London  and  Paris.  Our  principal  objects  this  year  wer^*^ 
1st.  To  study  the  order  of  superposition,  the  relations  and  geo* 
graphical  distribution  of  the  other  and  superior  sedimoiUrv 
rocks  in  the  central  and  southern  parts  of  the  empire.  Sod. 
To  examine  the  Ural  Mountains,  and  to  observe  the  manner  in 
which  that  chain  rises  from  beneath  the  horisontal  formations 
of  Russia.  Srd.  To  explore  the  carboniferous  region  of  the 
Donetz,  and  the  adjacent  rocks  on  the  Sea  of  Azof. 

Our  last  year's  survey  had  pretty  nearly  determined  the  lU 
mits  of  the  great  tract  of  carboniferous  limestone  of  the  North. 
of  Russia.    On  this  occasioii  we  have  added  to  its  uppeat  {Murt 
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that  remarkiibla  mass  of  rock  which  forms  the  peninsula  of  the 
Vdfla  near  Samara,  and  which,  clearly  exposed  in  lofty,  Tertical 
ciimf  and  charged  with  myriads  of  the  curious  fossils  FusUina^ 
constitutes  one  of  the  striking  features  of  Russian  geology. 

The  carboniferous  system  is  surmounted,  to  the  east  of  the 
Volga,  by  a  vast  series  of  beds  of  marls,  schists,  limestones, 
sandstones  and  conglomerates,  to  which  I  propose  to  give  the 
name  of  **  Permian  System,"  because,  although  this  series  re« 
presents  as  a  whole,  the  lower  new  red  sandstone  {Rohie  todie 
litgende)  and  the  magnesian  limestone  or  Z^chstein^  \tt  it  can* 
not  be  classed  exactly  (whether  by  the  succession  of  the  strata 
or  their  oontents)  with  either  of  the  German  or  British  sub* 
divisions  of  this  age.  Moreover  the  British  litbological  term 
of  lower  new  red  sandstone*,  is  as  inapplicable  to  the  great 
masses  of  marls,  white  and  yellow  limestones,  and  gray  copper 
ffrits,  U%  the  name  of  old  red  sandstone  was  found  to  be  in  re« 
lerence  to  the  schistose  black  rocks  of  Devonshire. 

To  this  <^  Permian  System"  we  refer  the  chief  deposits  of 

g^sum  of  Arzamas,  of  Kaaan,  and  of  the  rivers  Plana, 
ama  and  Oufa,  and  of  the  environs  of  Orenbourg;  we  also 
place  in  it  the  sidine  sources  of  Solikamsk  and  Sergie&k|  and 
the  rock  salt  of  Iletsk  and  other  localities  in  the  government 
of  Orenbourg^  as  well  as  all  the  copper  mines  and  the  large 
aooumulations  of  phints  and  petrified  wood,  of  which  you  have 

S'ven  a  list  in  the  *  Bulletin'  of  your  Society  (anno  1940).  Of 
e  fossils  of  this  system,  some  undescribed  species  of  Produeti 
might  seem  to  connect  the  Permian  with  the  oarboniferooa 
sera;  and  other  shells,  together  with  fishes  and  Saorians,  link 
it  on  more  closely  to  the  period  of  the  Zecl»tein,  whilst  its  pe- 
culiar plants  appear  to  constitute  a  Flora  of  a  type  intermedtata 
between  the  epochs  of  the  new  red  sandstone  or  <*  trias"  and 
the  ooal-measures.  Hence  it  is  that  I  have  ventured  to  oonsi-* 
der  thb  series  as  worthy  of  being  regarded  as  a  ^  System.^' 

The  overlying  red  deposits  which  occupy  a  great  basin  in 
the  governments  of  Vologda  and  Nijui  Novogorod^  have  not 
as  yet  been  found  to  contain  any  oi^ganio  remains  except  minute 
O^prides  and  badly  preserved  idodiola;  but  when  we  take  into 
consideration  their  thickness,  geological  position,  and  mineral 
characters,  we  are  disposed  to  think  that  they  may  at  some  fu- 
ture day  be  identified  with  a  portion  of  the  *'  Trias"  of  German 
geologists.  I  am  strengthened  in  this  opinion  bv  Count  Key- 
serling's  discovering,  during  our  tour  at  Monte  Bogdo,  certain 
fossils  which  are  unknown  in  other  parts  of  Russia,  but  which 
are  associated  with  the  Ammonites  Bogdoanus  already  described 
by  Von  Buch,  and  which  that  distingubhed  geologist  refiurs  to 
the  typo  of  the  muscbelkalk. 

*  See  SUurisn  Byitem  p.  54. 
2E2 
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True  lias  does  not  exist  in  Rassia^  as  Von  Buch  had  de- 
cided from  an  examination  of  fossils  sent  to  him,  but  the  Ji»» 
rassic  or  oolitic  series  is  divisible  into  two  stages.  The  lowest 
of  diese,  which  is  much  more  developed  than  the  upper,  never 
occupies  any  considerable  tract  of  country,  being  either  dis- 
tributed in  patches,  or  hidden  by  newer  accumulations.  From 
the  eastern  flanks  of  the  Ural  chain  in  the  64^  of  N.  latitude  to 
the  Caspian  Sea,  it  preserves  nearly  the  same  mineral  and  fos- 
sil characters.  This  formation  represents  the  inferior  and  mid- 
dle oolite.  The  ferruginous  sands,  calcareous  grits,  and  black 
schists  of  the  Moskwa  are  of  this  age ;  and  also  those  beds 
which  we  examined  last  year  on  the  Volga  between  Kostroma 
and  Kinshma,  at  Makarief  upon  the  Unja,  as  well  as  those 
^ales  and  sands  which  we  have  seen  this  year  in  many  other 
localities,  particularly  between  Arzamas  and  Simbirsk,  between 
Syzran  and  Saratoft,  at  Saragula,  and  on  the  river  Ilek  bear 
Orenbourg. 

The  upper  oolitic  group  occurs  in  several  situations  along 
the  Donete,  where  it  was  first  recognized  by  Major  Blode. 
It  is  calcareous,  often  oolitic,  of  light  yellow  colour,  and 
contains  many  TVfgoftfVr,  Nerinete^  &&,  which  enable  us  to 
compare  it  with  the  upper  Jura  of  the  Germans,  or  Port- 
land and  Coral  rag  division  of  my  own  country. 

The  cretaceous  system,  though  composed  of  very  different 
beds  of  marls,  white  chalk,  sands  and  grits  (sometimes  green), 
offers  for  the  most  part  the  fossils  of  the  white  chalk  of  Eu- 
rope, such  as  the  Inocerami  (Catillus),  BelemnUes  mucro- 
tuUuSj  Ostnea  vesicular  is f  Terebrattda  camea*. 

Above  the  cretaceous  system,  we  have  not  been  able  to  dis- 
cover in  any  part  of  Russia,  except  in  the  Crimaea,  the  <*  nnm- 
mulite  limestone"  which  there  sets  on,  and  acquires  a  great 
importance  in  its  range  through  Georgia,  Egypt,  and  the 
Mediterranean  basin. 

The  equivalents  of  the  lower  tertiary  formations  (Eocene  of 
Lyell)  seem  to  exist  in  one  part  only  of  your  country  (S.  of 
Saratoft).  On  the  other  hand,  the  middle  and  upper  ter- 
tiaries  (Miocene  and  Pleiocene)  cover  large  surfaces  on  the 
Lower  Volga,  in  Podolia,  Volhynia,  and  also  along  the  shores 
of  the  Sea  of  Azof  and  the  Black  Sea,  where  the  youngest  of 
these  strata,  very  much  resembling  the  "upper  crag"  of 
Norfolk,  are  beautifully  displayed. 

I  have  not  time  to  enter  upon  the  numerous  and  inter- 

•  Afler  this  letter  was  written,  we  found  in  the  collection  of  Professor 
Eichwald  at  St.  Petersburgh,  a  fine  specimen  of  Exogyra  and  other  fossils 
in  a  green  sandstone  from  the  Lower  Volga,  sent  to  him  from  a  localityfwell 
known  to  us,  which  leaves  little  doubt  of  the  existence  also  of  a  true  re- 
presentative of  our  greensaQd.--R.  I.  M. 
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eating  phflenomena  of  the  Ural  Mountains,  the  examination 
of  which  occupied  us  nearly  three  months.  We  there  studied 
alternately  the  wonders  oi  the  gold  alluvia,  the  sites  of  the 
entombment  of  your  great  mammalia,  and  sought  for  the  causes 
of  the  astonishing  metamorphism  of  the  s^imentary  rock^ 
of  that  chain.  For  an  explanation  of  the  last  class  of  pheeno- 
mena,  the  works  of  Humboldt  and  Gustaf  Rose  must  always 
be  consulted.  I  will  on  this  occasion  simply  say,  that  far  from 
beingjpnmiiive»  as  was  supposed,  this  chain,  with  the  excep- 
tion of  its  eruptive  masses,  is  entirely  composed  of  Silurian^ 
Devonian  and  Carboniferous  rocks,  more  or  less  altered  and 
crystallized,  but  in  which  nevertheless  we  have  been  able  to 
recognize  in  a  great  number  of  localities  my  own  Peniamerus 
Knighiii*j  and  many  fossils  which  clearly  define  the  age  of 
the  other  strata.  These  rocks,  though  much  broken  up,  are 
arranged  in  parallel  bands,  the  mean  direction  of  which  in 
the  North  Ural  is  from  N.  and  by  W.  to  S.  and  by  £., 
whilst  in  the  South  Ural,  trending  N.  and  S.,  they  assume  a 
fan-shaped  arrangement,  spreading  out  towards  the  southern 
steppe  of  the  Kirghis,  where,  intenaced  with  porphyries  and 
other  trap-rocks,  they  are  often  converted  into  the  far-famed 
jaspers  of  this  region. 

Still  less  can  I  now  pretend  to  treat  of  the  great  carbonife* 
rous  region  of  the  Donetz ;  for  without  entermg  into  details 
concernmg  this  southern  tract,  so  valuable  to  the  future  in- 
terests of  Russia,  I  cannot  render  it  the  iustice  which  it  merits 
Still  I  may  say  to  you  as  a  geologist,  that  its  numerous  beds 
of  coal  (bitummous  and  anthracitic),  with  its  grits  and  shales, 
are  completely  subordinate  to  the  mountain  limestone  series^ 
and  represent  in  no  sense  the  coal-fields  of  Great  Britain,  Bel- 
gium, and  France. 

In  concluding,  however,  I  must  tell  you  of  a  very  inter- 
esting discovery  we  made  in  returning  from  Taganrog  to 
Petersburgb.  C!ount  Keyserling  took  the  line  of  Voroneie 
and  the  Don,  and  M.  de  Verneuu  and  myself  that  of  Koursk, 
Orel  and  the  river  Oka,  and  on  meeting  at  Moscow  our  results 
completely'agreed.f  It  was,  as  you  know,  generally  believed 
up  to  this  moment,  that  central  Russia  presented  a  regular 
jiuccession  from  older  to  younger  deposits  as  you  proceeded 
from  north  to  south.  Thb  is  not  the  case.  A  great  axis  of 
Devonian  rocks  or  old  red  sandstone,  having  a  width  of  at 
least  120  miles,  rises  in  the  heart  of  the  country  around  Vo- 
roneje  and  Orel,  and  stretches  to  the  W.  N.  W.,  in  which 

*  Silurian  Svsteni»  p.  615. 

t  Colonel  Helmersen,  so  (listinguished  for  his  geographical  and  geologi- 
cal researches  in  Russia^  also  examined  the  tract  near  Orel  in  the  course  of 
the  nimmery  and  had  come  to  the  same  conclusions  as  our  party.  I  was 
however  unacquainted  with  his  opinion  when  I  wrote  this  letter. — ^R.  I.  M. 
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direction  it  probably  connects  itself  with  deposits  of  the 
same  a^e  in  Lithuania  and  in  CJourland.  This  discoverj 
seemS)  indeed^  to  have  an  intimate  relation  to  one  which  we 
made  in  entering  Russia  early  in  the  spring,  near  to  Scdia^i 
in  Lithuaniai  of  much  red  ground  and  a  band  of  upper  fiSlu- 
rian  rocks.  In  fact  it  also  explains  the  cause  of  the  great 
differmice  which  exists  between  the  deposits  of  the  carbonife* 
rous  basin  of  the  Donetz  and  those  of  your  Moscow  region, 
now  proved  to  constitute  a  vast  basin.  For  as  the  two  seaS)  in 
whion  ^ese  deposits  were  accumulated  from  high  antiquity 
were  separated  oy  the  ancient  lands  in  ^uestbn,  so  must  we 
infer  that  the  conditions  and  nature  of  their  shores,  their  rivers, 
their  currents  and  bottoms  (on  which  of  course  the  nature  of 
marme  deposits  depend),  must  have  been  essentially  difierent. 

This  discovery  also  proves  the  symmetry  of  the  opposite 
edges  of  the  moscau)  basin ;  since  in  advancing  from  the 
goveriiments  of  Tula  and  Kaluga  on  the  south,  we  see  the 
same  ascending  order  as  that  which  we  before  described 
in  the  Waldai  Hills  on  the  north.  In  both  tracts  the  De- 
vonian or  old  red  rocks,  with  Holoptychius  NobUissimus^  and 
many  Ashes  and  shells  of  that  system  well  known  in  the  Bri- 
tish Isles  %  pass  under  the  lowest  strata  of  the  carboniferotts 
sra,  and  serve  as  a  base  line  to  those  thin  beds  of  poor  eoal 
associated  widi  Unio  snlcaha  and  Prodmetus  gigas  {hemispheric 
caSf  Sow,),  which  are  at  present  the  subject  of  new  researches 
4m  the  part  of  the  Russian  Government. 

The  enormous  space  we  traversed  and  examined,  in  all 
between  18  and  14  tnousand  miles,  might  well  astonish  you,  if 
I  did  not  assure  you,  that  the  arrangements  for  this  journey, 
undertaken  under  the  aulpices  of  Uie  Minister  of  Finance, 
Count  de  Cancrine,  were  admirably  prepared  by  General 
Tcheffkine,  whose  dear  directions,  united  to  that  spirit  of  hos- 
pitality whidi  characterizes  all  Russians,  and  above  all  the  in«> 
habitants  of  the  Ural  and  Siberia,  rendered  every  enterprise 
feasible,  and  enabled  us  to  overcome  every  obstacle. 

I  shall  communicate  to  you  at  a  later  date,  and  before  our 
large  memoir  is  prepared,  the  general  table  of  the  order  of  sn* 
perposition  of  all  the  formations  of  Russia,  with  sections  f. 

Accept,  dear  Sir,  the  assurance  of  the  afibction  and  esteem 
of  your  devoted  servant, 

Roderick  Ihpsy  Murchisok, 
PresiiteBt  of  the  GeoL  Society  of 
LoodoQ. 

To  His  Excellency  M.  Fischer  de  JValdheim. 

•  See  Siluriaa  System,  p.  599. 

t  Thsee  4lociiineBt8.  which  were  laid  before  His  Imperial  Migesty  ia 
M89.»ftre  aowimhehsiidioftiieeDgrRver. 
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L.XIIL  On  the  Theory  qfStorms^  wiih  reference  to  the  Viewt 
of  Mr.  Redfieid.  By  Robert  Hare,  M.D^  Member  of 
the  American  Philosophical  Society^  Professor  of  Chemistry 
in  the  University  of  Pennsylvania*. 

1.  lyi  R.  REDFIELD'S  idea,  that  tornadoes  and  hurri* 
^^-^  canes  are  all  whirlwinds,  involves  some  improbabi* 
lities. 

9.  It  requires  that  during  every  hurricane  there  should  be 
blasts  of  nearly  eoual  force  coinciding  with  everj^  tangent 
which  can  be  applied  to  a  circle.  Thirty«two  ships,  equi* 
distant  from  the  axis  of  gyration  and  from  each  other,  should 
each  have  the  wind  from  a  different  point  of  the  compass  with 
nearly  equal  force.  The  only  modification  of  which  this  view 
of  the  case  admits,  is  that  resulting  from  the  progressive  mo«- 
tion  which  tends  to  increase  the  velocity  of  the  wind  on  the 
side  on  which  this  motion  concurs  with  that  of  the  whirl,  and 
to  produce  upon  the  opposite  side  a  corresponding  diminution. 
Moreover,  as  respects  any  one  station,  the  chance  would  be 
extremely  unfavourable  that  the  same  hurricane  should  twice 
proceed  from  the  same  quarter:  and  yet  in  the  course  of  time 
it  would  be  felt,  at  any  station,  to  proceed  from  many  different 
directions,  if  not  from  every  point  of  the  compass. 

3.  Mr.  Redfieid  has  alleged,  that  he  observed  proofs  of  gy- 
ration in  the  effects  of  the  New  Brunswick  tornado ;  but  I 
think  that  the  survey  of  Bache  and  Espy  shows  that  it  would 
iiot  be  consistent  with  the  facts  to  suppose  such  a  motion,  un.- 
less  contingently ;  and  that  it  could  only  be  a  casual  effiict  of 
the  currents  rushing  towards  the  axis  of  the  tornado  f. 

4.  Being  of  opinion  that  calorific  expansion  is  inadequate 
to  explain  the  afflux  of  wind  towards  the  equator,  it  is  alleged 
by  Mr.  Redfieid,  "  that  the  space  previously  occupied  by  the 
atmosphere  so  left  behind,  is,  by  the  centrifugal  action  of  the 
earth's  rotation,  constantly  supplied  from  hi^er  latitudes/' 

5.  I  presume  that  the  meaning  of  this  allegation  is,  that  the 
centrifugal  force  communicated  to  the  air  at  the  equator  by 
the  diurnal  revolution  of  the  earth,  lessening  the  gravity  of  me 
air  thus  affected,  causes  it  to  rise,  and  give  place  to  those  por- 
tions of  the  atmosphere  which,  existing  where  the  diameter 
of  the  earth  is  less,  have  less  rotary  modon«  Admitting  an 
afflux  to  arise  in  this  way,  could  it  have  any  other  effect  than 
that  of  accumulating  air  over  the  equator,  compensating  by 
quantity  and  altitude  for  the  loss  of  weight  arising  from  a 
greater  centrifugal  force  pertaining  to  that  region?     But,  on 

•  Cominiuiicated  by  the  Author. 

t  See  fifth  volume  of  the  American  PhUosophical  Transactionf . 
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the  other  hand,  if  we  attribute  the  ascent  of  the  air  at  the 
equator  to  heat,  the  theory  of  calorific  circulation  will  account 
for  the  conthiuance  of  the  process. 

6.  In  ascribing  the  prevalence  of  westerly  winds  in  the 
upper  regions  of  the  atmosphere  to  the  deflection  of  the  trade 
winds  by  our  mountains,  Mr.  Redfield's  explanation  har- 
monizes with  the  theory  of  Halley.  In  fact,  is  it  not  reason- 
able, that,  as  the  water  accumulated  by  these  winds  in  the 
Gulf  of  Mexico  is  productive  of  a  gulf-stream,  there  should  be 
an  aerial  accumulation  and  current  corresponding  with  that 
of  the  aqueous  current,  which  is  designated  by  the  name 
above-mentioned  ? 

7.  But  not  perceiving  that  the  trade  winds  cannot  be  ex- 
plained without  the  agency  of  temperature,  Mr.  Redfield,  in 
the  following  paragraph,  rejects  the  influence  of  heat: — 

.  8.  *^  To  me  it  appears  that  the  causes  of  the  great  storms 
may  be  considered  to  indicate  with  entire  certainty  the  ereat 
law  of  circulation  in  our  atmosphere;  and  that  the  long- 
cherished  theory,  which  is  founded  on  calorific  rarefaction, 
must  give  place  to  a  more  natural  system  of  winds  and  storms, 
founded  mainly  upon  the  more  simple  conditions  of  the  great 
laws  of  gravitation.'' 

9.  It  would  seem  from  this  paragraph  as  well  as  others,  that 
Mr.  Redfield  admits  of  no  other  cause  of  atmospheric  currents 
besides  that  of  gravitation.  But  in  the  absence  of  calorific 
and  electrical  reaction,  what  other  effect  could  gravitation 
have,  unless  that  of  producing  a  perfect  state  of  inert  quies- 
cence? 

10.  It  is  remarkable  that  the  author,  after  ascribing  the 
trade  winds  to  momentum,  as  the  antagonist  of  gravitation, 
loses  sight  of  it  in  this  summing  up  of  the  causes  of  atmospheric 
currents ! 

11.  If,  as  Mr.  Redfield  alleges,  the  minuteness  of  the  altir 
tude  of  the  atmosphere,  when  compared  witli  its  horizontal 
extent,  be  an  objection  to  any  available  currents  being  induced 
by  calorific  rarefaction,  wherefore,  for  the  same  reason,  should 
not  momentum,  or  any  other  cause  diminishing  or  counteract- 
ing the  influence  of  his  chosen  agent,  gravity,  be  equally  in- 
efficient? 

12.  Assuming  that  the  motion  of  the  air  in  hurricanes  is 
always  gyratory,  Mr.  Redfield  considers  gyration  as  a  came 
of  these  terrible  meteors  !  How  far  his  language  on  this  sub- 
ject is  reasonable  or  consistent,  may  be  seen  Trom  the  following 
paragraph,  which  I  quote  from  one  of  his  essays,  published  in 
Silliman's  Journal  for  1834,  vol.  xxv.  page  125:— 

13.  *<  Notwithstanding  these  general  and  detei'minate  ho- 
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rizontal  inovementSy  the  equal  distribution  of  the  atmosphere 
over  the  surface  of  the  globe,which  results  from  ^avitatioiH 
tends  to  prevent  any  very  rapid  or  violent  motion  in  any  spe- 
cific direction,  and  consequently  to  prevent  violent  and  de- 
structive winds.  But  owing  to  the  tendency  of  all  fluid  matter 
to  run  into  whirls  or  circuits,  when  subject  to  the  influence  of 
unequal  or  opposing  forces,  a  rotative  movement  of  unmea- 
sured violence  is  sometimes  produced.  This  peculiar  move- 
ment, which  in  its  most  active  state  is  sometimes  distinguished 
by  the  name  of  tornado  or  hurricane,  assumes  every  possible 
variety  of  position,  appearance,  velocity  and  extent,  and  is 
the  only  known  cause  of  violent  and  destructive  winds  or 
tempests.^' 

14.  Agreeably  to  this  paragraph,  gravitation,  in  lieu  of  being, 
as  previously  alleged,  the  main  basis  of  winds  and  storms, 
tends  to  produce  that  equal  distribution  of  the  atmosphere 
over  the  surface  of  the  globe,  on  which  I  have  insisted. 

1 5.  But  if  neither  gravity,  nor  calorific  expansion,  nor  elec- 
tricity be  the  cause  of  winds,  by  what  are  they  produced  ? 

16.  He  alleges  that  the  fluitf  matter  has  a  tendency  to  run 
into  whirls  or  circuits,  when  subject  to  the  influence  of  un- 
equal or  opposing  forces,  and  that  in  this  way  a  rotative 
movement  of  unmeasured  violence  is  sometimes  produced. 

17.  If  this  were  true,  evidently  whirlpools,  or  vortices  of 
some  kind,  ought  to  be  as  freauent  in  the  ocean,  as,  agreeably 
to  his  observation,  they  are  found  to  be  in  the  atmosphere* 
The  aquatic  gulf-stream,  resulting  from  the  impetus  of  the 
trade  winds,  ought  to  produce  as  many  vortices  in  its  course 
as  the  aerial  currents  derived  from  the  same  source,  especially 
as  in  the  ocean  the  great  laws  of  gravitation  have  full  liberty  to 
act  without  any  important  interference  from  calorific  changes, 
to  which  the  advocates  of  the  agency  of  such  changes  in  pro- 
ducing wind  vrill  not  ascribe  much  efficacy,  where  non-elastic 
liquids  are  in  question. 

18.  There  are  few  vortices  or  whirlpools  in  the  ocean,  be- 
cause there  are  in  few  cases  descending  currents  towards  which 
the  surrounding  waters  are  concentrated.  Of  course,  vertical 
currents  cannot  arise  from  any  imaginable  cause. 

1 9.  The  conflicts  of  "  opposing  or  unequal  forces^^  do  not 
produce  curvilinear  motion,  unless  there  be  a  successive  de- 
flection, as  in  the  case  where  it  results  from  centripetal  force, 
or  the  influence  of  gravity  upon  a  projectile.  If  one  of  two 
directly  opposite  forces  be  less  than  the  other,  retardation  will 
ensue,  and  a  lateral  current  or  currents  carrying  off  the  excess 
of  momentum.  If  currents  encounter  each  other  obliquely^ 
a  diagonal  current  will  result     I  doubt  if  a  whirlpool  ever 


Digitized 


by  Google 


4t6  Dr.  Hare  on  tie  Theory  tfStomUf 

takes  place  without  a  centripetal  force  resulting  from  an 
hiatus. 

30.  But  the  author  has  not  informed  us  how  these  unequal 
or  opposing  forces  are  generated  in  the  atmosphere.  Without 
any  assigned  cause,  be  appeals  to  **  certain  opposite  and  un- 
equal forces  by  which  a  rotative  movement  of  unmeasured  vio* 
lence  is  produced.''  This  rotative  movement,  although  allcmdf 
as  above,  to  be  an  effect^  is  stated  immediately  afterwarcb  to 
be  *'the  only  known  cause  of  violent  and  destructive  winds  or 
tempests." 

£1  •  In  a  memoir  on  the  causes  of  tornadoes  and  water-spouts, 
and  in  some  subsequent  communications  published  in  the 
Transactions  of  the  American  Philosophical  Society,  and  re- 
published in  Silliman's  Journal,  various  &cts  and  arguments 
were  mentioned,  tending  to  prove  that  the  proximate  cause  of 
the  phssnomena  of  a  tornado  is  an  ascending  current  of  air, 
and  the  afflux  of  wind  from  all  points  of  the  compass  to  sup- 
ply  the  deficiency  thus  created. 

22.  In  this  mode  of  viewing  the  phaenomena,  no  difference 
of  opinion  exists  between  Bache  and  Espy  and  myself,  how- 
ever we  may  differ  respecting  the  cause  of  the  diminution  of 
atmospheric  pressure  within  the  track  of  a  tornado^  which 
gives  rise  to  the  ascending  current. 

fia.  I  adduced  several  facts,  upon  the  authoritv  of  the  skilful 
survey  made  by  those  gentlemen,  proving  that  the  effects  were 
in  some  cases  inconsistent  with  the  existence  of  a  takirl ;  and  I 
mentioned  one  which  could  not  be  explained  without  attribu- 
ting it  to  a  gyratory  force.  I  was  led  to  consider  ^ration  as  a 
contingent,  not  an  essential  feature  in  the  meteors  m  question. 

24.  it  appeared  reasonable  to  suppose  that  the  confliction 
of  confluent  streams  of  air  rushing  towards  an  axis  moving 
progressively,  might  be  productive  of  a  whirling  motion. 
The  contortion  of  six  feet  of  the  upper  part  of  a  bnck  chim«- 
ney  upon  the  lower  portion,  so  as  to  cause  the  comers  of  either 
pcNTtion  to  project  over  the  sides  of  the  other,  was  deemed  in« 
explicable  without  ascribing  it  to  gyratory  force.  Suba^ 
qoendy,  however,  it  occurred  to  me  that  this  fiict  was  more 
likely  to  be  the  result  of  a  local  than  a[  a  general  whirl;  since 
in  the  latter  case,  the  chimney  oouid  not  have  been  twisted  as 
described,  without  being  precisely  at  the  centre  of  the  whirl- 
wind. That  such  could  have  been  its  position,  ^)peara  to 
me  extremely  improbable;  and  had  it  been  so  situated,  as  the 
whirlwind  was  estimated  to  be  moving  progressivdy  at  the 
rate  of  seventeen  miles  per  hour,  it  is  to  me  inoomprciiensible 
how  the  portion  which  was  dislocated  could  have  escaped  an 
overthrow.    Evidentlyt  although  twisted  upon  its  base  while 
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toncentric  with  the  gyration,  it  would  in  one  second  of 
time  have  been  twenty  feet  upon  the  windward  side  of  it,  con- 
sequently subject  to  the  tangential  force  of  the  whirlwind. 
I  adduced  this,  as  well  as  other  facts,  to  prove  that  in  toma* 
does  and  hurricanes  there  are  local  whirls,  causing  bodies 
which  are  of  a  nature  to  favour  electrical  discharge  to  be 
particularly  affected ;  a  fact  which  is  admitted  by  Mr.  Red- 
field, was  considered  by  Espy  and  Bache,  as  well  as  myself, 
to  be  irreconcilable  with  the  idea  that  a  general  whirling  mo- 
tion is  essential  to  tornadoes.  I  allude  to  the  circumstance^ 
that  when  several  trees  were  prostrated  one  upon  the  other, 
the  uppermost  was  found  to  have  fallen  with  the  top  directed 
toward  the  point  towards  which  the  meteor  was  moving ; 
while  the  direction  in  which  the  lowermost  trees  were  found 
to  have  fellen  indicated  that  they  were  overthrown  by  a  force 
in  a  direction  precisely  the  opposite  of  that  which  had  ope- 
rated upon  those  above-mentioned. 

95.  Mr.  Redfield  has  not  made  any  effort  to  show  how  the 
trees  could  have  been  piled  upon  each  other,  as  described, 
but,  on  the  contrary,  admits  that  a  whirlwind  would  blow  op- 
positely, on  opposite  margins  of  the  whirl.  As  this  appears 
to  me  quite  evident,  I  cannot  understand  how  the  opposite 
forces  belonging  respectively  to  the  different  sides  of  the 
whirlwind,  can  be  made  to  bear  successively  upon  one  spot, 
BO  as  to  cause  trees  to  fall  in  diametrically  opposite  directions. 

96.  Another  fact)  irreconcilable  with  a  general  whirling 
motion,  was  adduced  by  Mmsrs.  Espy  and  Bache.  One  of 
the  four  posts,  upon  which  a  frame  building  was  supported^ 
was  first  moved  towards  the  tornado,  as  it  advanced ;  in  the 
next  place  as  it  moved  away,  so  as  to  make  two  furrows  in 
the  ground.  In  the  interim  the  firame  was  protected  by  a 
larger  building,  which  intervened  between  it  and  the  tornado* 
I  am  utterly  unable  to  understand  how  the  transient  tangen- 
tial forcM  of  a  whirlwind  blowing  oppositely,  on  the  opposite 
margins  of  its  track,  could  thus  move  the  post  in  question,  so 
as  to  make  two  distinct  furrows  in  the  ground  indicating  two 
successive  impulses,  in  directions  of  which  one  was  at  right  an- 

5 lee  with  the  other.  Mr.  Redfield  admits  that  <*  the  confused 
irections  of  finllen  bodies  is  distinctly  reco^iaed  by  all  the 
parties  to  this  inquiry."  Conceding  that  amid  this  confusion 
ne  has  been  enabled,  by  a  survey,  to  show  that  the  directions 
in  which  certain  trees  fell  are  consistent  with  their  having 
been  subjected  to  a  whirlwind,  it  does  not  demonstrate  gy- 
ration to  be  an  essential  feature  of  tornadoes.  It  is  sufficiently 
accounted  for  by  considering  it  as  a  fortuitous  consequence  of 
the  «onfliet  of  Gumnts  ruduog  into  a  nmfied  vortex. 
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27.  Mr.  Red6eld  adopts  the  singalar  determiaation  dTdoI 
noticing  the  ^'insuperable  difficulties  "  of  the  bypothesb  which 
he  has  uodertaken  to  set  aside.  The  advocates  of  the  dis- 
puted hypothesis  are  not  aware  of  any  such  difficulties:  is  it 
correct  to  allege  their  existence  without  mentioning  the  facts 
and  arguments  which  justify  this  allegation  ?  Without  re- 
peating here  the  evidence  and  the  reasoning  which  I  have 
already  published  on  this  subject,  I  will  advert  to  one  SbkcX 
which  is  utterly  irreconcilable  with  Mr.  Redfield's  '*  rotary 
theory."  I  allude  to  the  statement  of  a  most  respectable  wit- 
nesfiy  that  while  the  tornado  at  Providence  was  crossing  the 
river,  the  water,  whidi  had  risen  up  as  if  boiling  within  a  circle 
of  about  300  feet,  subsided  as  often  as  a  flash  of  lightning 
took  place.  Now  supposing  the  water  to  have  risen  by  a  de- 
ficit of  pressure  resulting  from  the  centrifugal  force  of  a  whirls 
how  could  an  electrical  discharge  cause  it  to  subside  ? 

28.  I  have  already,  I  trust,  sdficiently  shown  that  the  abor- 
tive explanation  which  Mr.  Redfield  dignifies  with  the  title  of 
'<  his  theory  of  rotary  storms,"  amounts  to  no  more  thaii  this: 
that  certain  imaginary,  nondescript,  unequal  and  opposing 
forces  produce  atmospheric  gyration;  that  these  gyrations,  Iqr 
their  consequent  centrifugal  force,  create  about  the  axis  of 
motion  a  deficit  of  pressure;  and  hence  the  upward  force  dis- 
played by  tornadoes  and  hurricanes.  I  cannot  give  to  this 
alleged  theory  the  smallest  importance,  while  the  unequal  and 
opposing  forces  upon  which  it  is  built  remain  m  perfect  ob- 
scuritv,  the  author  having  disclaimed  both  the  agency  of  heal 
and  electricitv. 

29.  But  admitting  a  whirlwind  to  be  produced,  not  by  a  de* 
ficit  of  pressure  about  the  axis,  but  by  unequal  and  opposing 
forces  acting  externally  in  any  competent  way  whatever,  it  is 
perfisctly  evident  that  any  deficit  of  pressure  about  the  axis 
consequent  to  the  resulting  centrifugal  force,  could  only  cause 
a  descending  aerial  current,  while  it  could  not  tend  in  the 
slightest  degree  to  carry  solids  or  liquids  aloft. 

30.  It  must  be  obvious  that  the  stratum  of  air  on  the  earth's 
surface,  partaking  of  the  circular  motion,  must  also  partake 
of  the  centrifugal  momentum,  and  of  course  would  have  a 
disposition  the  very  inverse  of  that  which  would  cause  them 
to  rush  towards  the  axis ;  while  heavier  bodies  being  sur- 
rounded  by  the  rarer  mediums  consequent  to  the  whirl,  would 
have  their  gravity  less  counteracted  than  usual.  I  cannot 
help  thinking,  .that  as  respects  the  application  of  his  '^  rotary 
theory"  to  explain  tornadoes,  these  arguments  will  amount  to 
a  **  reducUo  ad  absurdum.*' 

31.  Mr.  Redfield  infers  that  the  whirlwinds,  of  which  he  as» 
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•omes  the  existence,  have  a  property  which  he  alleges  to  be  ob- 
servable in  ^  all  narrow  and  violent  vortices,  viz.  a  spirally 
involate  motion  quickened  in  its  gyrations  as  it  approaches 
towards  the  centre  of  the  axis  or  whirl/' 

82.  Bat  is  it  not  evident,  that  if  any  mass  of  matter  be  made 
to  revolve  by  unequal  and  opposing  forces,  or  by  any  other 
than  those  resulting  from  the  centripetal  force,  caused,  as  al« 
readv  described,  by  an  ascending  current,  the  gyration  will  not 
Qoicken  in  proportion  as  the  gyrating  matter  may  be  nearer 
the  i:entre,  but  on  the  contrary  will  1^  slower  as  ttie  distance 
from  the  axis  may  be  less?  It  appears  to  me,  that  the  only 
case  in  which  gyration  is  found  to  quicken  in  proportion  as 
the  matter  involved  approaches  the  vortex,  is  that  which 
results  from  the  confluence  caused  by  an  ascending  or  de- 
scendine  concentric  current.  So  far  therefore  as  Mr.  Red- 
field's  observations  confirm  the  idea  that  the  whirling  motion 
in  tornadoes  quickens  towards  the  centre,  it  tends  to  confirm 
the  opinions  which  he  combats,  and  to  refute  those  which  he 
upholds. 

SS.  To  conclude  whether  or  not  the  efforts  which  I  have 
made,  to  show  that  the  phaenomena  of  tornadoes  and  hurri- 
canes arise  from  an  electrical  discharge  by  convection,  be  justi- 
fiable, I  think  it  will  be  conceded  that  any  theory  of  storms 
which  overlooks  the  part  performed  by  electricity  must  be 
extremely  defective. 

34.  Both  by  Messrs.  Espy  and  Redfield  the  influence  of 
this  agent  in  the  phenomena  of  nature  is  entirely  disregarded, 
although  with  the  storms,  which  have  been  especially  the  sub* 
ject  of  their  lucubrations,  thunder,  lightning,  and  convective 
discharge  are  most  strikingly  associated. 

35.  f  will  conclude  with  subjoining  the  following  proposi- 
tions, inferences,  or  allegations;  which  are  so  evident  to  my 
mind,  that  I  am  at  a  loss  to  understand  that  they  have  not 
had  a  similar  influence  upon  the  minds  of  all  who  are  con- 
versant with  the  science  of  electricity. 

86.  Our  experiments  make  us  fiimiliar  with  two  processes 
of  electrical  discharge.  In  one  of  these  electricity  passes  in 
the  form  of  sparks  or  flashes;  in  the  other  it  may  be  con- 
veyed without  any  perceptible  evolution  of  light,  by  the  alter- 
nate or  successive  contact  of  intervening  bodies  with  the  ex- 
cited surfaces,  as,  for  instance,  by  means  of  pith-balls,  pen- 
dula,  or  a  blast  of  air.  The  former  process  has  been  desig- 
nated by  Faraday  as  dbruptive,  the  latter  as  convective  dis- 
charge. 

S7.  The  disruptive  process  being  exemplified  by  lightnings 
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the  mftgnifieent  apparatus  of  nature  by  means  of  which  tfab 
awful  phaenomenon  is  displayed^  may  be  supposed  competent 
to  produce  convectife  discbarge  upon  a  scale  of  proportion- 
able magnitude,  as  exhibited  in  tornadoes  and  hurricanes. 

88.  As  bodies  oppositely  electrified  attract  each  other,  dfor-- 
iiorh  attraction  must  always  exist  between  any  bodies  sufi- 
ciently  electrified  for  an  electric  discharge  to  take  place  be- 
tween them.  This  law  may  be  illustrated  by  means  of  an 
instrument  called  Cuthbertson's  electrometer.  Hence  the 
rising  of  water  within  the  track  of  a  tornado,  and  its  subsi- 
dence on  the  passage  of  lightnine,  as  observed  by  Mr.  Allen 
near  the  city  of  Providence,  Rhode  Island,  may  be  considered 
as  resulting  from  the  alteration  of  convective  with  disruptive 
discharge*. 

89.  By  this  observation  of  Mr.  Allen,  attraction  is  shown  to 
have  existed  between  an  electrified  stratum  of  air  coated  by 
clouds,  and  the  oppositely  electrified  water  of  a  subjacent  river. 
It  is  reasonable  to  infer,  that  attraction,  originating  in  the  same 
way,  operating  upon  the  denser  stratum  of  the  atmosphere 
in  the  vicinity  of  the  earth  by  counteracting  gravitation,  may 
cause  that  rarefaction  by  which  houses  are  burst  or  unroofiBd» 

*  **  Ths  most  interctting  appesrance  was  exhibited  when  the  tornado 
left  the  »hore,  and  struck  the  f urface  of  the  acyacent  riven  Being  within 
a  few  yards  of  this  spot,  I  had  an  opportunity  of  accurately  noting  the 
effects  produced  on  the  surface  of  the  water. 

**  The  circle  formed  by  the  tornado  on  the  foaming  water  was  about 
three  hundred  feet  in  diameter*  Within  this  circle  the  water  appeared  to 
be  in  commotion,  like  that  in  a  huge  boiUn^  caldron  i  and  misty  vapoun* 
resembling  steam,  rapidly  arose  from  the  surface,  and  entering  the  whirling 
vortex,  at  times  veiled  from  siglit  the  centre  of  the  circle,  and  the  lover 
extremity  of  the  overhaneing  cone  of  dark  vapour.  Amid  all  the  acUatlon 
of  the  water  and  the  air  aoout  it,  this  cone  continued  unbroken,  although 
it  swerved  and  swung  around,  with  a  movement  resembling  that  of  the 
trunk  of  an  elephant  whilst  that  animal  is  in  the  act  of  depressing  it  to  the 
ground  to  pick  up  some  minute  object.  In  truth,  the  tapering  form,  as 
well  as  the  vibratmg  movements  of  the  extremity  of  this  cone  of  vapour, 
bore  a  striking  resemblance  to  those  of  the  trunk  of  that  great  animal. 

"  Whilst  passing  off  over  the  water,  a  distant  view  of  the  cloud  might 
have  indocea  the  spectator  to  compare  its  form  to  that  of  a  huge  umlwella 
suspended  in  the  heavens,  with  tiie  colunm  of  vapour  representing  the 
handle,  descending  and  dipping  into  the  foam  of  the  billows.  The  waves 
heaved  and  swelled  whenever  the  point  of  this  cone  passed  over  then, 
apparently  as  if  some  magical  B|)eU  were  acting  upon  them  by  the  et^sH 
of  enchantment.  Twice  I  noticed  a  gleam  of  hghtninff,  or  of  electric 
fluid,  to  dart  through  the  column  of  vapour,  which  served  as  a  conductor 
for  it  to  ascend  from  the  water  to  the  cloud.  After  the  flash  the  foam  of 
the  water  seemed  Immediately  to  diminish  for  a  moment,  as  if  the  dis- 
charge of  the  electric  fluid  had  served  to  calm  the  excitement  on  its  agi- 
tated surface."  —  See  Transactions  of  the  American  Philosophical  So- 
ciety, vol.  vi. 
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and  an  upward  current  of  tremendoas  force  produced.  We 
may  alao  infer  that  bodies  are  carried  aloft  by  the  joint  action 
of  dectrical  attraction,  and  the  rertical  blast  which  it  produces* 

40.  The  effects  upon  the  leaves  of  trees  noticed  by  me  after 
the  tornado  of  New  Brunswick,  m  18S5,  and  still  more  those 
subsequently  obsenred  by  Peltier  after  that  of  Obatenace  in 
1899^  cannot  be  explained  without  supposing  them  to  have 
been  the  medium  of  an  electric  discharge  *• 

41.  When  a  convective  discharge  takes  place  between  a 
stratum  of  air  in  proximity  to  the  earth,  and  a  stratum  in 
the  region  of  the  clouds,  the  greater  density  and  pressure  of 
the  lower  stratum  will  determine  the  current  to  rush  up  in  a 
vertical  direction* 

42.  Experience  has  demonstrated  that  electricity  cannot 
exist  on  one  side  of  an  electric,  without  its  existence  simulta^ 
neously  upon  the  other  side.  If  the  interior  of  a  hollow  glo- 
bular electric  be  neutral,  so  will  the  outside  be ;  but  if  the 
interior  be  either  positively  or  negatively  excited,  the  outside 
will  be  found  in  the  one  case  negative,  in  the  other  positive. 

43.  The  atmosphere  consists  of  an  electric  in  the  hollow 
globular  form ;  and  as  dectricitv  is  known  to  pervade  the 
space  within  it  occupied  by  earth,  the  principle  in  question 
muat  also  pervade  the  space  beyond  that  portion  of  the  at* 
mosphere  which  is  sufficiently  dense  to  insulate  or  to  perform 
the  part  of  an  electric 

44.  Thus  there  are  three  enormous  concentric  spaces^  of 
which  the  intermediate  one  is  occupied  by  an  electric,  while 
the  innermost  one  and  the  outer  one  are  occupied  by  con- 
ductors. The  two  last-mentioned  may  be  considered  as  equi« 
valent  to  two  oceans  of  electricity,  of  which  one  may  be  called 
the  celestial,  the  other  the  terrestrial  electric  ocean. 

*  "  In  this  hasty  account  I  havs^  with  ths  intention  of  rsturning  to  this 
portion  of  the  subject,  omitted  to  speak  particularly  of  its  effect  upon  trees. 
All  those  which  came  within  the  influence  of  the  tornado,  presentcfd 
the  same  aspect;  their  sap  was  vaporized,  and  their  ligneous  fibres 
bed  become  as  dry  as  If  kept  for  forty-eight  hours  in  a  furnace  heated 
to  ninety  degrees  above  the  boiling  point.  Evidently  there  was  a  great 
mass  of  vapour  instantaneously  formed,  which  could  only  make  its  escape 
by  bursting  the  tree  in  every  directiou ;  and  as  wood  has  less  cohesion 
in  a  horizontal  longitudinal  than  in  a  transverse  direction,  these  trees 
were  all,  throughout  one  portion  of  thdr  trunk,  cloven  into  laths.  Many 
trees  attest,  by  theh*  condition,  that  they  served  as  conductors  to  con* 
tinual  daschai^es  of  electricity,  and  that  the  high  temperature  produced 
by  this  passage  of  the  electric  fluid,  instantly  vaporized  all  the  moisture 
which  they  contdned,  and  that  this  instantaneous  vaporization  burst  alt 
the  trees  open  In  the  direction  of  thefa*  length,  until  the  wood,  dried  up  and 
split,  had  become  unable  to  resist  the  force  of  the  wind  which  aoooopanied 
the  tornado." 
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45.  When  either  electric  ocean  is  minus,  the  odier  most 
be  plus*  and  at  the  same  time  any  intermediate  stratum  of  die 
atmosphere  inclosing  a  stratum  of  clouds  must  be  charged 
by  inauction. 

46.  Between  the  concentric  strata  of  air,  severally  bound- 
ing the  celestial  and  terrestrial  ocean,  there  must  be  an  dec- 
trical  attraction  tending  to  counteract  gravitation,  and  thus  to 
influence  the  density  and  pressure  of  the  lower  stratum  of  the 
atmosphere. 

47.  The  proximitift  of  a  stratum  of  clouds  electrified  by 
the  celestial  ocean,  must  cause  an  accumulation  of  electricity 
in  any  portion  of  the  terrestrial  surface  immediately  subja- 
cent; and  by  counteracting  gravitation  cause  a  local  diminu- 
tion of  atrnospheric  pressure,  which  it  is  well  known  is  a  pre* 
cursor,  and  probably  a  cause  of  wind  and  rain* 

48.  Those  common  discharges  of  electricity  which  take 
place  during  hurricanes,  may  be  easily  accounted  for  by  sup- 
posing that  they  result  from  discharges  between  the  celestial 
and  terrestrial  electric  oceans. 

49.  Thunder-clouds  may  owe  tlmir  charges  to  the  celestial 
ocean,  either  by  induction  or  conduction.  Auroras  may  be 
the  consequence  of  discharges  from  one  part  of  the  atmo- 
sphere to  another,  through  the  rare  conducting  medium  which 
is  occupied  by  the  celestial  ocean ;  or  they  may  result  from 
discharges  from  other  planets  or  seas,  or  from  any  part  of 
space,  however  remote.  Since,  agreeably  to  Wheatstone's  ex- 
periments, electricity  flies  with  a  velocity  not  less  than  that 
of  light,  space  can  create  no  obstacle  to  its  passage. 

LXIV.  0»  the  Rotation  of  a  rigid  Body  round  aJixedPoini. 
By  James  Booth,  Esq.^  M.A.f  Principal  qf^and  Professor 
of  Mathematics  in  Bristol  College*. 

h  rpHE  problem  of  the  rotation  of  a  rigid  body  round  a 
•J-  fixed  point,  acted  on  by  no  forces,  cr  round  its  centre 
of  gravity  influenced  by  the  force  of  gravity  alone,  has  been 
analytically  solved  by  Lagrange,  at  least  so  far  as  to  indicate 
the  leading  properties  of  .such  motion,  and  to  reduce  its  deter- 
mination to  the  calculation  of  two  elliptic  functions,  one  of  the 
first,  the  other  of  the  third  order ;  but  these  analytical  formulae, 
as  has  been  justly  remarked,  do  not  give  us  any  clear  idea  of 
the  motion  during  the  period  of  rotation ;  thev  enable  us  to 
determine  the  position  of  the  body  at  the  end  of  a  given  time, 
but  do  not  at  ail  assist  our  conceptions  in  following  the  mo- 
tioB  of  the  body  during  its  rotation. 

•  Communicated  by  the  Author. 
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Some  years  ag(H  however,  this  defect  <^  the  theory  was  re- 
moved in  a  memoir  presented  to  the  French  Institatei  by  an 
author  remarkable  as  well  for  the  originality  as  the  perspi- 
cuity of  his  views,  in  which  he  reduces  the  motion  of  the  body 
to  that  of  an  ellipsoid  whose  centre  is  fixed,  rolling  on  a  fixed 
plane. 

In  the  vei^  brief  extract  which  has  been  published  of  this 
memoir,  Pomsot  assumes  an  ellipsoid  whose  centre  coincides 
with  the  fixed  point,  and  whose  semiaxes  are  proportional  to 
the  inverse  square  roots  of  the  moments  of  inertia,  round  the 
three  principal  axes  passing  through  the  fixed  pointy  coin- 
ciding with  the  axes  of  the  ellipsoid;  and  thence  by  the 
known  geometrical  properties  of  this  surface,  and  the  tangent 
plane,  deduces  the  nature  of  the  motion,  with  great  elegance 
and  simplicihr. 

In  the  following  pages  an  ellipsoid  is  assumed  different 
from  that  of  Poinsot,  in  which  the  squares  of  the  axes  are 
prqx>rti(mal  to  the  moments  of  inertia  round  the  principal 
axes  of  the  body  passing  through  the  fixed  point,  coincident 
with  the  axes  of  this  ellipsoid,  which  may  be  termed  the 
Ellipsoid  of  moments. 

It  becomes  proper  to  mention,  that  as  the  two  ellipsoids  of 
moments,  that  assumed  by  Poinsot,  and  the  one  here  adopted, 
are  reciprocal  swfaces^  all  the  properties  of  such  motion  may 
be  indifferently  deduced  on  either  system,  and  then  at  once 
transferred  to  the  other,  by  the  known  properties  of  recipro- 
cal surfaces ;  a  few  examples  of  such  transformation  are  given 
towards  the  close  of  this  paper. 

It  appears,  however,  the  more  eligible  course  to  deduce 
the  general  properties  of  rotatory  motion,  directly  and  inde- 
pendently, from  the  fundamental  and  acknowledged  principles 
of  mechanics,  than  to  have  recourse  to  the  aid  of  reciprocal 
surfaces,  with  the  relations  of  which  many  readers  may  not 
be  familiar. 

Previ6U8  to  entering  on  the  subject  to  which  this  paper  is 
more  particularly  devoted,  it  may  be  well  to  state  and  prove 
a  few  general  propositions  bearing  on  the  subject. 

II.  Let  Ojt,  O^,  O  Zj  be  three  rectangular  axes  passing 
through  the  fixed  point  O,  the  axe  O  z  oeing  the  instan- 
taneous axis  of  rotation  of  the  body*,  X,  Y,  Z  the  forces  which 
act  on  any  particle  dm  of  the  body,  of  which  the  coordinates 
are  xy  z ;  these  forces  being  translated  to  the  origin,  are  there 
equilibrated  by  the  resistance  of  the  fixed  point  O,  while 

*  The  existence  of  an  axis  of  instantaneous  rotation  is  assumed,  as  a 
proof  of  it  from  elementary  principles  may  be  easily  given.  (See  Earn- 
shaw's  Statics,  art.  109.) 
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they  generate  the  moments  (Y*— Xy)  d  w,  (Zjf— Y  »)  dm, 
(Xx^Zs)  dm%  in  th$  planes  of  jr^i  uy^  and^jirrespectiv^y; 
hence  the  sum  of  the  moments  generated  by  the  forces  which 
act  on  the  whole  mass  arey  (Y  a?— Xy)  d«,/(Zy— Y«)dw> 
and  y* (X  2— -Z  a;)  dm^in  the  above-named  planes* 

III.  Let  the  axis  O  2;  be  the  instantaneous  axis  of  rotatioDy 
ctf  the  angular  velocity  round  this  axe^  then  the  effective  forces 
are,  X  =  —  mjfj  Y  s  00  «*,  Z  ne  0 ;  substituting  these  values 
in  the  above  formulasi  we  find  the  moments  Mf{^-{-3^)dm 
^w/xxdnij  and  — m/^  »  dm  in  the  planes  of  4rj^i  y  »,  and 
a:  z  respectively. 

Now  as  the  impressed  and  effective  moments  must  by  the 
principle  of  D' Alembert  be  equivalent,  we  shall  have,  denoting 
by  K  the  impressed  moment  and  by  a^y  the  angles  wbi(£ 
its  axis  makes  with  the  axes  of  coordinates,  the  following 
equations  : — 

K  cosa  SS6  —  mfs$idm^  Kcos)8  «  '^»fyedmf\     /,  v 
Kcosy  t=o^ f{x^^y^)dm     J     ^^'^ 

From  these  equations  it  follows  that  Vfheii/xz dm  =  0, 
fyzdm  =  0,  or  when  5:  is  a  principal  axis  of  the  body,  that 
y  =  0,  or  that  the  plane  of  the  impressed  moment  must 
be  perpendicular  to  a  principal  axe,  m  order  that  this  axe 
may  be  an  axis  of  rotation ;  nnd  the  angular  velocity  round 

this  axe  is  «=  /tt-s- — sv-y^ 

IV.  The  centrifugal  forces  generated  by  the  motion  act  in 
the  direction  of  the  radius  vector,  and  are  proportional  to  the 

square  of  the  velocity  divided  by  the  radius ;  hence  X  »  «^  r  •  — 

ss  0)^  or,  Y  3=  w^y,  Z  =  0 ;  translating  these  forces  to  the  ori- 
gin, the  moments  thence  resulting  are  t^f^zdm^  ^m^/yxdm 
and  0,  in  the  planes  of  x  «^  y%^  and  xy. 

Let  G  be  the  centrifugal  moment,  «',  ^',y'  the  angles  which 
its  axis  makes  with  the  axes  of  coordinates,  then 

GcOSa'  =  —  •»Vy«^«'**>     GCOS  /S'  =r  «V**i^rf»«>    1       /o\ 

G  cos  y  =  0 ,  .  .  .  /     ^^'^ 

V.  The  plane  qf  the  centrifugal  moment  G  passes  ikrotgh 
the  imtanianeous  axis  qf  rotation^  and  through  the  axis  qftke 
impressed  moment  K. 

For  as  y  is  a  ri^ht  angle,  the  plane  of  G  passes  through 
the  axis  of  jsr,  the  instantaneous  axis  of  rotation. 

Again,  let  V  be  the  angle  between  the  planes  of  GandK,  then 
cos  V  s:  cos  a  cos  a' -(-COS  /3  COS  iS^+cos  y  cos  y,  Puttiiigfor 
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these  angles  their  talues  given  by  (L)  and  (2.),  we  find 
KGcosVs  {^'^y?).fy%dm.fxzdm  =  0, 

bence  V  =  90,  or  the  i^lane  of  G  passes  through  the  axis  of  K. 

VI.  To  express  G  in  terms  of  K,  »,  and  the  moment  of 
inertia  round  the  instantaneous  axis  of  rotation* 

Squaring  the  six  equations  (1.)  (20»  adding  the  first  three 
together,  and  also  the  last  three,  we  find 

G«=  «*  (Jxzdmf+u/'ljyzdmf. 

Mdltiplying  the  first  of  these  equations  by  «%  subtracting 
the  second  from  the  first,  and  calling  the  moment  of  inertia 
round,  the  instantaneous  axis  of  rotation  D,  we  get 

G«=  K«»*-»4D« (3.) 

VII.  Let  (J  denote  the  angular  velocity  round  any  line 
which  makes  the  angle  0  with  the  instantaneous  axis  oJr  rota- 
tion, w  the  angular  velocity  round  thb  axis,  then  «/  =s  00  cos  0. 


Let  O  A  be  the  instantaneous  axis,  O  B  a  line  passing 
through  the  fixed  point  O,  making  the  angle  6  with  the  former 
O  C,  C  A  right  lines  perpendicular  to  O  B,  O  A ;  let  the 
point  C  move  to  c,  a  point  indefinitely  near  the  former,  then 
Cr=  OC.a/,  andCc  =CA.»;  hence  OC.ci^  =CA.«, 
but  C  A  =  O  C  cos  0;  hence  «/  =  eo  cos  £[. 

VIIL  Conceive  an  ellipsoid  whose  centre  coincides  with 
the  origin,  whose  axes  coincide  with  the  principal  axes  of 
rotation  of  the  body  passing  through  the  fixed  point,  and  the 

Snares  of  whose  semiaxes  are  proportional  to  the  moments 
inertia  round  these  axes,  so  tnat 

A.^r^a\    B  =  n3J«,     C  =  n^c*     ..    .     (4.) 

n  being  a  constant,  a,  £,  c  the  semiaxes  of  the  ellipsoid,  and 
A  B  C  the  moments  of  inertia  round  diose  axes* 
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Let  D  be  the  moment  of  inertia  round  a  right  line  passing 
through  the  centre,  making  the  angles  X,  jk,  y  with  the  axes 
of  coordinates,  then 

D  =  A  cos«  A  +  B  cos«  /x  +  C  COS*  ¥    .....    (5.) 
Poisson,  TVait^  de  Micanique^  torn.  ii.  p.  5Q. 
Or,  putting  for  A,  B,  C  their  values  given  by  (4.), 
D  =  n^  (a*  cos^  A  +  i*  cos*  /x  +  c'  cos*  v). 

Now  the  part  within  the  brackets  is  the  square  of  a  per- 
pendicular from  the  centre  of  the  ellipsoid  on  a  tangent  plane, 
making  the  angles  A,  ft,  v  with  the  axes,  calling  this  perpendi* 
cular  r,  we  have 

D  =  «3  P2 (6.) 

IX.  Assume  the  impressed  moment 

K  =  i^fti,     (7.) 

u  being  the  central  semidiameter  of  the  ellipsoid  perpendicular 
to  the  plane  of  the  impressed  moment  K.  The  producty^  is 
of  course  constant,  it  will  be  shown  presently  that  f  and  u 
are  each  constant. 

X.  JTie  axis  of  instantaneous  rotation  coincides  vcith  the 
perpendicular  Jrom  the  centre  on  the  tangent  plane  to  the  eliip^ 
soid,  drawn  through  the  vertex  of  the  semidiameter  »,  and  the 
angular  velocity  round  this  axis  is  inversely  proportional  to 
this  perpendicular. 

Let  py  9,  r  be  the  angular  velocities  round  the  three  prin- 
cipal axes,  a,  fi^y  the  angles  which  the  axis  u  of  the  im* 
pressed  moment  makes  with  the  same  axes,  x,^,  2  the  co« 
ordinates  of  the  extremity  of  t/,  then  by  (IIL)  we  have 

p  =  — J — ,  now  K  =  nPJ'ih  cos  «  =  — ^,  A  a=n®a*,hence 
p  =  ^^  ;  in  like  manner 

?--gr>    ^-^r     (»-^ 

Hence;>H?*+r«  =  «*=/^  |^4.^+^J.  =  ^  (9,) 
But  the  cosines  which  the  axis  of  instantaneous  rotation  makes 
with  the  axes  of  coordinates,  are  — ,  — ,  — ;  and  from  the 

CO      CO      cu 

values  of  p,  q^  r  just  found,  we  get 

p    _    P:r     ^    _  Py     r    _    Pg 
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Now  the  cosines  of  the  angles  which  the  perpendicular  to  the 
tangent  plane  touching  the  surface  at  the  point  {xy  z)  makes 

Vx   Pv  Vz 
with  the  axes  of  coordinates,  are  also    -j-,  -rj^,  -5-5   hence 

the  axis  of  instantaneous  rotation  coincides  with  this  perpen* 
dicular. 

XI.  During  the  whole  molion  of  rotation  the  semidiameter 
of  the  ellipsoid  perpendicular  to  the  plane  of  the  impressed  mo^ 
ment  is  invariable^  or  u  is  constant  \  to  show  this  we  shall 
make  use  of  the  following  property  of  the  ellipsoid : — 

Let  a  tangent  plane  be  drawn  to  an  ellipsoid,  u  the  semi- 
diameter  through  the  point  of  contact,  P  the  perpendicular 
on  this  tangent  plane  from  the  centre,  m  the  semidiameter 
of  the  ellipsoid  perpendicular  to  the  plane  of  u  and  P;  m 
and  u  are  the  semiaxes  of  the  section  of  the  surface  made  by 
the  plane  containing  u  and  m. 

As  P  is  perpendicular  to  the  tangent  plane,  every  plane 
which  passes  through  this  line  is  perpendicular  to  this  plane, 
hence  the  plane  containing  u  and  P  is  perpendicular  to  the 
tangent  plane. 

In  like  manner,  as  the  semidisimeter  m  of  the  ellipsoid  is 
perpendicular  to  the  plane  of  u  and  P,  the  plane  which  passes 
through  m  and  r^  is  perpendicular  to  the  plane  containing 
u  and  P ;  hence  the  tangent  plane,  and  the  plane  of  m  and 
tij  are  each  perpendicular  to  tne  plane  of  u  and  P,  therefore 
their  intersection  is  perpendicular  to  the  same  plane,  and 
therefore  parallel  to  m,  and  therefore  perpendicular  to  u\  but 
when  a  tangent  to  a  conic  section  is  perpendicular  to  the 
diameter  passing  through  the  point  of  contact,  this  diameter 
is  an  axe  of  the  section;  therefore  t^and  m  are  the  semiaxes  of 
the  section  of  the  ellipsoid  containing  u  and  m. 

Now  u  being  the  axis  of  the  impressed  moment,  and  P  the 
perpendicular  on  the  tangent  plane,  through  the  vertex  of  u, 
P  is  the  axis  of  instantaneous  rotation,  therefore  the  plane  of 
u  and  P  is  the  plane  of  the  centrifugal  moment,  and  m  per- 
pendicular to  this  plane  (V)  is  its  axis. 

Assume  a  point  5,  on  this  line  m^  so  that  o  s  may  be  to  u 
as  6  to  K;  and  complete  the  rectangle  OsQv^  the  diagonal 
ov  of  this  rectangle  will  represent  both  in  magnitude  and  di- 
rection, the  axis  of  the  resultant  moment  at  the  end  of  the 
first  instant ;  during  this  instant  the  vertex  of  the  axe  of  the 
resultant  moment  has  travelled  on  the  surface  of  the  ellip- 
soid, and  also  on  the  surface  of  a  concentric  sphere,  whose 
radius  is  ti,  since  the  line  Q  v  perpendicular  to  O  Q  or  t^  is 
a  tangent  both  to  this  sphere  and  we  ellipsoid ;  hence  at  the 
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end  of  the  first  instant  the  vertex  of  the  axe  of  the  resultant 
moment  will  be  found  on  the  curve  of  double  curvature  the 
intersection  of  the  sphere  and  ellipsoid ;  therefore  u  is  con- 
stant. 


=f4 


XII.  Now  as  tt  is  constant,  and/ti  also  constant  {1^\fXoo 
is  constant;  but  the  angular  velocity 

»  =  -y ;  (see  (9.)) 

hence  the  angular  'velocity  round  the  instantaneous  axis  of  ro^ 
tation  varies  inversely  as  P. 

XIII.  The  angular  velocity  «j  round  the  axis  of  the  impressed 
moment  is  constant  during  the  motion. 

Let  0  be  the  angle  between  u  and  P,  cos  0  =  — ,  ^^^ 

9  =  eo  cos  0  hence 

^  a  constant  quantity    .  •  •    (10*) 

XIV.  The  magnitude  of  the  centrifi^al  moment  O  varies  as 
the  tangent  of  the  angle  between  u  and  P. 

Resuming  the  equation  (SOi  G*  =  K  w'— «*DS  and  put- 
tine  for  K,  a;,  and  D  their  values  ffiven  bv  (7.)|  (9.)  and  (6.) 
and  introducing  the  relation  P*  iairO  =  ir— P*,  we  find 

6  a:  K^tan^S 
u 
f 
or  putting  for  ^  its  value  «r,  the  angular  velocity  round  the 

axe  of  the  impressed  moment^ 

O  tt  Kit  tan  9 (11.) 

XV.  The  curve  which  is  the  intersection  of  the  ellipsoid  and 
sphere  is  on  a  cone  of  the  second  degree,  whose  circular  sec- 
tions are  parallel  to  the  central  secuons  of  the  ellipsoid;  let 
the  equations  of  the  ellipsoid  and  sphere  be  respectively 

io  la  la 

-y  +  -^  +  -^  ss  1,  and  ««  +y«  +  »f«  ss  «•. 
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Let  the  equations  of  the  right  line,  passing  through  the 
centre  and  the  point  a/  y  jj'  ,  be  a?  =s  -p-  «,  ^  =  j^  ^  :  by 
the  help  of  these  four  equations,  eliminating  jf  jf  sf^  we  get 

•$   («•-««)+ ^  (&•-««)+ -^  {«•-««)  =  0  .  .     (12.) 

Hence  during  the  rotation  of  the  body,  the  axis  u  of  the  iih- 
pressed  moment,  is  found  on  a  cone  of  the  second  degree, 
whose  circular  sections  are  parallel  to  the  circular  sections 
of  the  ellipsoid,  as  we  now  proceed  to  show. 

^  In  an  ellipsoid,  let  ^  be  the  angle  between  the  plane  of  a 
circular  section,  and  the  prmcipal  plane  containing  tne  greatest 
and  mean  axe  of  the  ellipsoid,  i}  and  •  the  eccentricities  of  the 
two^  principal  sections  perpendicular  to  this  plane,  whose 
semiaxes  are  &,  c  and  ay  c  respectively, 

a  /JL9  2\ 

then  cos  <p  =  -^  or  cos*  <t  =  %^,  ^^  L (13.) 

If  now  in  this  formula,  instead  of  aS  iS  c^  the  squares  of  the 

a*  6'  c* 

semiaxes  of  the  ellipsoid,  we  substitute  -^ — 5,  ,^^  ^  -5 — ^^ 

which  are  proportional  to  the  squares  of  the  corresponding 
semiaxes  of  the  cone,  we  shall  have,  calling  ^'  the  angle  be- 
tween a  circular  section  of  the  cone  and  the  plane  of  a  6, 

a  result  independent  of  fi;  hence  ^'  =  ^. 

XVI.  The  instantaneous  axis  of  rotation  moves  on  a  cone  of 
the  second  degree. 

Assume  a  point  on  the  perpendicular  P,  (whose  coordinates 
let  be  xy  z)  at  the  distance  I  from  the  ceRtre. 

Then  cos  A  bb  — g-,  or 

a*cos«x  =  *'«  {a«cos«A-h6«cos«ft  +  c^cos'y}. 
Now,  /  cos  A  a  07,  /  cos  ft  =  ^,  and  Z  cos  v  s  xr,  substituting 

these  values,  we  find  ar'«  =  ^^,-^,?,^p^^,. 

Finding  analogous  values  for  y  and  sf^  introducing  the  rela- 
tion 

jj^  +  y*  -h  ^*  =  ttS  we  obtain  for  the  equation  of  this  cone, 
a«  (a2-tt2)^  +  fi2  (ft*-tt2jy +c2  (c2-fi«)  z*  =  0.     (U.)* 

*  It  may  be  worth  while,  and  it  is  not  difficnlt  to  §how.  that  the  equa* 
tiont  of  these  conei,  the  loci  of  the  axis  of  the  impressed  moment  and  of 
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XVII.  Now  as  the  axe  of  the  impressed  moment  is  al- 
ways on  the  surface  of  this  cone  whose  circular  sections  coin- 
cide with  those  of  the  ellipsoid,  the  plane  of  the  impressed 
moment  will  envelope  during  the  rotation  a  cone  supple^ 
mental*  to  the  former;  whose  Jbcals  will  be  therefore  per- 
pendicular to  the  circular  sections  of  the  first  cone^  that  is,  to 
the  circular  sections  of  the  ellipsoid;  h^nce  the  optic  ax'tsf  of 
the  ellipsoid  of  moments  will  be  the  focals  of  the  cone  en* 
veloped  by  the  plane  of  the  impressed  moment;  thus  the 
whole  motion  of  the  body  consists  in  the  uniform  rotation 
of  the  plane  of  the  impressed  moment  round  its  axis,  while 
this  plane  rolls  on  the  surface  of  the  latter  cone. 

XVIII.  From  these  considerations  it  follows,  that  we  may 
dispense  altogether  with  the  Ellipsoid  of  Moments,  and  say  ^  thai 
if  two  right  lines  are  drawn  Jrom  thejixedpoint  of  the  bodjf^  in 
the  plane  of  the  axes  of  the  greatest  and  least  moments  of  inertia^ 
making  an  angle  with  the  axe  of  greatest  moment  whose  cosine 

squared  may  be  equal  to  ^  ^ . ^L  and  a  cone  be  conceived 

having  these  lines  as  Jbcals  and  touching  the  plane  of  the  im^ 
pressed  moment ^  the  indole  motion  of  the  body  will  consist  in  the 
uniform  rotation  of  this  plane  section  of  the  body  in  its  omn 
plane,  while  this  plane  envelopes  the  cone. 

Let  A  C  B  be  the  mean  section  of  the  ellipsoid,  O  W^ 
O  N  the  optic  axes,  then  if  the  plane  of  the  impressed  mo- 
ment coincides  with  any  of  the  principal  planes,  the  cones 
round  the  optic  axes  as  focals  become  also  planes,  and  the 
axes  of  rotation  coincide  with  the  axes  of  the  figure. 

the  axift  uf  instantaneous  rotation,  are  eauiyalent  to  ;the  ejjuations  of  the 
same  cones  given  by  Polsson»  TVaite  de  Mecamque^  torn.  ii.  pp.  151^  152* 
For  this  purpose  then^  assuming  the  equation  given  by  Poisson,  toni.  ii. 
page  140,  A  jB«  -f  B  ^«  +  C  r«  =  A ;  and  putting  for  A,  B,  C,/?,  g,  r,  their 
values  ^iven  in  the  preceding  pages,  we  find  h  =  ffi/^. 

Elimmating  then  from  (12.)  and  (14.)  the  quantities  a,  b,  c,  v,  and  intro- 
ducing A,  B,  C,  k,  h  instead,  equation  (13.)  is  changed  to 

(**-AA)  .  ,  (*«-BA)   ,.   (ita-CA)   ,       ^      j,i^x.     u         w 
^^^ —  **  +  — g — ^y»-f  ^ — g — ' x"  «  0,  and  (14.)  is  changed  to 

(*2-AA)*«  -f  (*5-BA)  v2  -f  Q^Ch)  z2  =  0. 

*  Two  cones  are  said  to  be  supplemental  when  their  corresponding 
vertical  angles  are  supplemental. 

The  focah  of  a  cone  are  two  right  lines  drawn  through  the  vertex  of 
the  cone,  making  with  the  axis  through  the  vertex  equal  angles,  such  that 
the  cosine  of  one  of  these  angles  is  equal  to  the  ratio  of  thccosinet  of  the 
semiangles  of  the  cone. 

t  I  have  ventured  to  use  the 'appellation  optic  axes^  a  term  borrowed 
from  the  wave  theory  of  light,  to  aenote  the  diameterf  perpendicular  to 
the  circular  sectioai  of  an  ^lipioid. 
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Again,  if  the  plane  of  the  impressed  moment  intersects  the 
mean  plane  between  N  and  C^  it  will  envelope  the  cone  whose 


focals  are  O  N,  O  N';  but  ifHhe  plane  of  the  impressed  mo- 
ment intersect  between  A  and  N,  it  will  envelope  the  cone 
whose  focals  are  O  N,  O  M ;  hence  the  range  in  the  former 
case,  which  may  be  taken  as  the  measure  of  the  stability  of 
rotation  round  the  principal  axe  whose  moment  of  inertia  is 
greatest,  is  to  the  ran^e  in  the  latter,  which  may  be  deemed 
the  representative  of  the  stability  round  the  axis  whose  mo- 
ment of  inertia  is  the  least,  as  the  supplement  of  the  angle 
between  the  optic  axes,  or  between  the  circular  sections  of 
the  ellipsoid  is  to  the  angle  itself. 

XIX.  In  the  particular  case,  where  the  plane  of  the  im- 
pressed moment  passes  through  the  optic  axe  of  the  ellipsoid, 
the  cones  become  portions  of  the  plane  of  the  greatest  and 
least  axes  of  the  surface,  divided  one  from  the  other  by  the 
optic  axes ;  hence  if  the  plane  of  the  impressed  moment  be 
disturbed  from  coincidence  with  the  mean  plane  of  the  ellip- 
soid, so  as  to  commence  its  rotation  round  one  of  the  optic 
axes,  it  will  either  return  to  its  former  position  of  coincidence, 
or  revolve  through  180°  round  the  optic  axe,  till  it  coincides 
at  length  with  the  mean  plane  on  the  opposite  side ;  hence 
the  axe  of  the  impressed  moment  must  revolve  in  a  circular 
section  of  the  ellipsoid,  through  an  angle  less  than  180%  with 
a  variable  velocity,  till  it  at  length  coincides  with  the  mean 
axe  of  the  ellipsoid,  the  body  in  the  mean  time  uniformly  re- 
volving round  this  axe  so  moving  in  the  circular  section. 

[I'o  be  continued.] 
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LXV.  On  the  Conversion  of  the  Bistdphuret  of  Copper  {Yel- 
low  Copper  Ore)  into  the  Sulphuret  {Vitreous  Coppery  by  Elec- 
tricity.  By  Mr.  Robert  Hunt,  Secretary  to  the  Royal 
Cornwall  Polytechnic  Society  *. 

XTAVING  been  recently  engaged  in  an  experimental  in- 
quiry  into  the  electricity  of  mineral  veins,  and  beinfi;  de- 
sirous of  examining  all  the  phsenomena  which  have  any  bear- 
ing on  this  most  interesting  subject,  I  have  been  induced  to 
institute  some  experiments  on  the  influence  of  electric  cur- 
rents upon  copper  pyrites,  which  is  a  bisulphuret  of  copper 
and  iron. 

At  the  Bristol  meeting  of  the  British  Association,  Robert 
Were  Fox,  Esq.  exhibited  the  experiment  of  the  conversion 
of  the  bisulphuret  of  copper  into  the  sulphuret,  and  in  the 
Fourth  Annual  Report  of  the  Polytechnic  Society  "(1836), 
several  experiments  are  detailed  in  proof  of  the  fact.  In  re- 
peating those  experiments,  having  adopted  other  methods 
than  those  pursued  by  Mr.  Fox,  I  have  arrived  at  irrefragable 
proofs  of  the  process  of  decomposition,  which  alone  induces 
me  to  add  my  testimony  to  the  high  authority  of  that  gentle- 
man* 

The  original  experiment  consisted  in  placing  the  yellow 
bisulphuret  of  copper  in  a  solution  of  sulpnate  of  copper,  di- 
vided by  a  wall  of  clay  from  a  cell  containing  plain  or  Acidu- 
lated water,  in  which  was  placed  a  piece  of  metallic  zinc  con- 
nected by  a  wire  with  the  ore.  By  this  arrangement  the  ore 
was  in  a  short  time  changed,  over  its  sur&ce,  into  the  sul- 
phuret or  vitreous  copper,  having  parted  with  a  portion  of  its 
sulphur  and  its  iron* 

1.  I  was  extremely  desirous  of  ascertaining  if  this  change 
would  take  place  in  a  solution  which  did  not  contain  copper. 
I  therefore  divided  a  vessel  by  a  thin  wooden  partition.  In 
one  cell  I  placed  a  solution  of  the  sulphate  of  soda,  and  in  the 
other  water  acidulated  with  sulphuric  acid.  Into  the  sulphate 
of  soda  I  placed  apiece  of  the  bisulphuret  of  copper  weighing 
two  hundred  and  fifty-six  grains,  connected  widi  a  piece  of 
zinc  which  dipped  into  the  other  cell.  After  three  days,  the 
pre  having  become  first  iridescent  and  then  gray  over  its 
surface,  I  removed  and  weighed  it.  Its  weight  was  now  two 
hundred  and  forty-seven  grains,  Aavif^/o^/  nine  grains.  By  add- 
ing ferrocyanate  of  potash  to  the  solution  a  considerable  por- 
tion of  the  cyanate  of  iron  was  formed;  a  convincing  proof  of 
the  separation  of  iron  from  the  ore. 

2.  A  piece  of  the  copper  pyrites,  weighing  two  hundred' 

*  CommuDicated  by  the  Author. 


Digitized 


by  Google 


CoMeriiafi  ofBistdphura  cf Copper  itOo  Stdphuret.  44S 

grains,  was  placed  in  a  solution  of  the  tntiriate  qfbaryieSf  water 
only  being  in  the  cell  containing  the  zinc  with  which  the  ore 
was  connected.  In  a  few  days  the  ore  was  covered  with  a 
reddish-brown  powder,  which  was  proved  to  be  peroxide  of 
iron^  beneath  wnich  was  a  coating  of  vitreous  copper.  A 
quantity  of  the  sulphate  of  barytes  was  formed  and  collected, 
and  traces  of  copper  were  evident  in  the  solution.  During 
the  process  there  was  a  steady  liberation  of  gas  from  the  fluid 
in  contact  with  the  copper  ore,  which  was  collected  and  found 
to  be  pure  hydrogen.  This  experiment  proves  that  the  sul- 
phur  liberated  from  the  yellow  ore  is  converted  into  sulphuric 
acid  at  the  expense  of  the  oxygen  of  the  water,  which  is  seized 
by  the  barytes  and  forms  the  sulphate  of  that  earth,  and  that 
the  iron  is  freed  in  the  state  of  peroxide.  It  is  possible  the 
<x>pper  detected  in  this  instance  may  have  arisen  from  the  wire 
used  to  make  the  connexion.  The  water  in  the  cell  which 
<x>ntained  the  zinc  was  now  found,  as  was  of  course  expect- 
ed, to  hold  muriate  of  zinc  in  solution.  From  the  adhesion 
of  the  peroxide  of  iron  to  the  piece  of  ore,  it  was  difficult  to 
ascertam  the  actual  loss  of  weight  it  had  su£Pered. 

3.  Two  pieces  of  copper  pyrites,  each  weighing  seventy-two 
grains,  were  connected  by  zinc  wires  with  a  single  pair  of 
zinc  and  copper  plates  excited  by  acidulated  water,  and  both 
plunged  into  a  solution  of  the  muriate  of  soda.  The  zinc 
wires  were  so  quickly  destroyed  from  the  action  of  the  electro* 
negative  ore  on  the  positive  metal,  that  it  was  found  impossible 
to  carry  on  the  experiment  for  any  time.  The  change  was, 
however,  well  marked  even  in  this  case. 

4.  Seventy-four  grains  of  copper  pyrites  was  connected  by 
silver  imre^  with  the  positive  pole  of  a  circular  battery  of  a 
single  pair  excited  with  salt  and  water,  and  fifty-two  grains 
of  the  same  ore  with  the  negative  pole  in  like  manner.  These 
two  pieces  were  placed  in  a  precipitating  slass  filled  with  a 
solution  of  the  muriate  of  barytes.  It  will  be  evident,  that 
in  this  experiment  the  fragments  of  ore  form  the  poles  of  a 
galvanic  arrangemenU  In  forty*eight  hours  they  were  re- 
moved ;  it  was  now  found  that  one  piece  weighed  seventy-fire 
grains,  and  the  other  only  fifty,  the  latter  being  partiallv 
changed  into  vitreous  ore,  while  the  former  was  covered  with 
specks  of  the  peroxide  of  iron.  It  was  extremely  interesting 
to  find  the  peroxide  acting  as  an  acid  would  have  done,  and 
passing  to  tne  positive  pole.  Rather  more  than  a  grain  of 
sulphate  of  barytes  was  collected  from  the  glass ;  and  the  so- 
lution on  being  treated  with  the  ferrocyanate  of  potash  gave 
a  precipitate  of  the  cyanate  (^copper :  copper  in  minute  qnan- 
ti^  was  also  detect^  by  means  of  a  piece  of  polished  iron. 
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These  experiments  appear  to  me  safficient  to  prove  the 
decomposition  of  the  yellow  ore.  The  loss  of  weight  which 
is  detected  is  accurately  made  up  by  the  peroxide  o?  iron^  the 
sulphur  of  the  sulphate  of  bar^tes  and  the  copper.  It  may 
appear  to  some  that  the  alterations  in  weight  in  the  last  ex- 
periment (^O  are  trifling,  but  it  must  be  remembered  that 
the  copper  pyrites  was  exposed,  for  a  short  time  only,  to  a 
weak  current  from  a  rather  inconstant  battery.  If  the  action 
had  been  continued  longer,  with  a  sustaining  battery  the  loss 
of  weight  would  have  been  proportionally  greater, 

5^  With  a  view  of  ascertaining  tlie  e£Pect  of  a  more  pow- 
erful current  on  similar  pieces  of  ore,  I  placed  one  piece  in  a 
solution  of  the  sulphate  of  copper,  and  another  in  water  di- 
vided from  it  by  a  membrane^  connecting  them  respectively 
with  the  positive  and  negative  poles  of  a  battery  of  twelve 

fairs  arranged  as  the  eauronne  de  tosses^  excited  with  strong 
rine.  I  thus  procured  a  tolerably  powerful,  but  constantly 
weakening  electric  current  The  arrangement  was  led  for 
two  days,  when  the  piece  of  ore  in  the  solution  of  sulphate  of 
copper,  which  was  connected  with  the  negative  pole,  was 
found  to  have  crumbled  down  considerably,  eight  grains  of 
vitreous  copper  in  a  state  of  fine  division  having  l^n  col- 
lected from  the  bottom  of  the  vessel,  the  loss  of  weight  on 
the  whole  being  ten  grains  and  a  half.  Nothing  is  more  in- 
teresting than  to  observe,  on  the  grand  scale  ofnatural  ope- 
rations, examples  of  processes  wnich  we  have  imitated  in 
the  laboratory,  and  thus  to  find,  at  the  same  time,  a  proof  of 
the  correctness  of  our  experiments,  and  a  complete  elucida- 
tion of  a  natural  phesnomenon. 

At  the  last  annual  meeting  of  the  Polytechnic  Society,  a 
communication  was  read  from  Joseph  Carne,  Esq.,  stating, 
that  at  the  mines  in  the  neighbourhood  of  Marazion,  the  bisul- 
phuret of  copper  was  always  found  in  the  blue  slate,  whereas 
the  vitreous  ore  was  constantly  found  in  the  red  slate;  and 
that  the  same  fact  was  observed  at  the  Cam  Brea  mines  near 
Redruth,  where  the  yellow  ore  was  invariably  changed  into 
vitreous  ore  whenever  the  granite  exhibited  a  red  colour. 
This  tincture  is  due  to  the  peroxide  of  iron ;  and  it  is  worthy 
of  remark,  that  the  stain  does  not  extend  many  feet  on  either 
side  of  the  load. 

I  must  be  excused  from  remarking,  that  it  appears  to  me 
evident  that  the  change  of  the  bisulphuret  of  copper  into  the 
sulphuret  is  explained  in  the  preceding  experiments,  and 
shown  to  depend  upon  the  decomposing  power  of  the  electric 
currents  which  circulate  through  the  metalliferous  veins,  as 
was  discovered  by  Mr.  Robert  Fox,  and  the  deoomposiDg 
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agency  of  which  I  have  proved  much  to  my  satisfaction  in 
some  experiments  conducted  in  East  Pool  copper  mine. 
Notember  4, 1841. 

LXVI.     On  the  History  of  Fernel's  Measure  of  a  Degree. 
By  Prtfessor  De  Morgan. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 

T  BEG  to  call  die  attention  of  mathematicians  to  a  very 
^  strange  circumstance  in  the  account  of  Ferners  measure 
of  a  degree,  which  will  show  how  the  history  of  science  is 
sometimes  written. 

Montucla  (vol,  ii.  p.  231,  first  edition ;  vol.  ii.  p.  SI 6,  second 
edition)  gives  the  usual  account  of  Fernel's  measuring  by  the 
revolutions  of  a  wheel  from  Paris  towards  Amiens,  and  finding 
a  degree  to  be  56746  Paris  toises.  In  the  second  edition  he 
adds,  that  the  details  are  found  in  Fernel's  Cosmotheoria. 

Lalande  ( Bibliographie  Astron.^  p.  46)  gives  the  Cosmotheoria 
as  having  4s6feuilletSf  and  as  published  in  1528:  he  adds, 
that  it  is  remarkable  as  containing  the  first  determination  of 
the  true  magnitude  of  the  earth,  and  refers  to  his  own  ac- 
count of  it  in  the  Memoirs  of  the  Academy  for  1787,  page 
216. 

Delambre  (Astronomy,  vol.  iii.  p.  516)  repeats  the  story, 
but  makes  the  result  57070  toises:  he  does  not  refer  to  the 
Cosmotheoria. 

On  looking  over  the  work  of  Fernel  for  another  purpose, 
I  was  surprised  to  see  that  he  himself  states  a  very  different 
result,  and  piques  himself  on  its  close  agreement  with  that  of 
Almaeon  (Al  Mamun  he  means).  The  story  about  the  wheel 
is  correcdy  told ;  it  should  have  been  added,  that  he  observed 
his  solar  altitudes  with  Ptolemy's  rules.  His  result  is,  that 
the  degree  of  latitude  consists  of  68  Italian  miles  and  96 
paces,  which  he  makes  68  miles  95^  paces,  to  avoid  fractions 
in  the  resulting  diameter  of  the  earth.  I  quote  three  different 
places  where  he  has  expressed  this  result,  premising  that  mv 
copy  has  46  leaves,  and  was  published  in  1528 ;  so  that  all 
doubt  of  its  being  the  work  described  by  Lalande  may  be  im- 
possible. 

Leaf  2,  page  1.  <<  •••,  idipsum  experimento  comprobans, 
deprehendi  accurata  supputfttione,cuique  gradui  circuli  majoris 
tarn  in  terrs  quam  in  maris  convexo  68  Italica  miliaria,  passus 
95  cum  una  quarta  respondere." 
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Leaf  3,  page  2.  <<  Reperi  passus  68096  qui  milliaria  sunt 
Italica  689  cum  passibus  96.  Malui  tamen  hos  passus,  in 
passus  95  cum  uno  quarto  convertere,  ne  quspiam  fractio 
foret  in  terrae  diametro  praefigenda." 

Now  let  us  ask  what  are  68*096  Italian  miles?  The  Italian 
mile  was  always  used^  under  the  idea  that  it  was  the  old  Iloman 
mile  5  from  which  in  fact  it  difiers  little  for  our  present  pur- 
pose, the.  latter  being  about  1614*  yards,  and  the  former  1628. 
But  hot  to  take  any  point  against  Fernel's  measure,  let  us 
follow  Dr.  Bernard,  who  makes  the  statute  mile  to  be  1056 
paces,  which  would  give  1667  yards  to  the  mile  of  1000 
paces.  This  would  give  64  J  English  statute  miles  to  Fernel's 
degree,  about  j^ve  mile^  too  little.  And  if,  as  is  more  pro- 
bable, we  take  1628  yards  for  Fernel's  Italian  mile,  we  find  only 
68  statute  miles  for  his  degree.  The  French  toise  is  2*1315 
yards;  so  that  Delambre  makes  Fernel's  degree  to  be  69*12 
miles.  How  he  made  the  Italian  mile  longer*  than  the  En- 
glish statute  mile,  I  have  no  idea.  The  confusion  is  older 
tnan  Delambre  and  Lalande,  as  appears  by  Montucla's  first 
edition.  Riccioli  gives  a  true  account  and  so  does  Dr.  Bernard. 
Weidler  (p.  341)  omits  all  mention  of  the  degree  of  the  Cot- 
motheoria,  but  says  (without  citing  authority)  that  Fernel 
undertook  tomeasure  a  degree,  which  he  finished  in  theyear 
1550.  The  copy  from  which  I  quote  belonged  to  Montucia, 
who  has  corrected  errors  in  several  places,  out  has  taken  no 
notice  of  this,  though  I  see  firom  one  of  his  marks  that  he 
had  read  the  page.  Did  Fernel  measure  another  degree  in 
1550?  If  so,  what  is  the  authority  for  it?  Why  did  Mon- 
tucia, who  is  proved  to  have  seen  this  very  page  of  Weidler, 
refer  to  the  Cosmotheoria?  And  why  is  this  second  degree 
mentioned  only  by  Weidler?  Perhaps  some  of  your  reaaers 
may  be  able  to  clear  up  this  point 

Kichard  Norwood  (Seaman's  Practice,  p.  41)  being  na- 
turally desirous  to  get  confirmation  of  his  own  degree  (which 
I  cannot  help  thinking  has  been  much  underrated)  first  con- 
trives to  twist  the  Arabian  degree  into  nearly  the  same  as  his 
own ;  and  then  allows  Fernel's  to  come  as  near  to  it,  but  only 
by  representing  (without  authority)  "  the  pace  which  he  used 
as  being  more  than  five  of  our  English  feet."  Yet  Norwood 
himself,  in  the  very  first  sentence  of  his  own  work,  says,  ^  It  is 

*  There  is  a  Tuscan  and  Lombard  mile  in  modern  road-books,  which  is 
a  trifle  longer  than  the  English  mile :  but  Delambre  never  could  have  mis- 
taken this  for  the  famous  Italian  mile,  the  universal  standard  of  the  nuddle 
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a  oomtnonly  received  opinion)  that  allowing  five  of  our  English 
feet  to  a  geometrical  pace,  a  thousand  of  these  paces  make  an 
Italian  mile ;"  and  Fernel  certainly  used  the  Italian  mile  of 
his  day.  On  this  the  whole  question  seems  to  turn,  but  I 
think  I  may  confidently  assert  that  no  evidence  can  be  brought 
to  show  tliat  the  curious  fiction  which  geometers  of  the  six* 
teenth  century  called  a  geometrical  pace  was  even  as  long  as 
five  English  ^t ;  and  certainly  it  was  not  longer. 

I  remain,  Gentlemeni  yours  faithfully^ 
UniverBity  College,  Oct.  26^  1841 .  A.  De  Morgan. 

LXVII.    Notices  of  the  Bestdts  of  the  Labours  of  Continental 
Chemists.    By  Messrs.  W.  Francis  and  H.  Croft. 
[Continued  from  p.  S85.] 
On  Succino-hyposulphuric  Acid. 
1)  Y  the  action  of  anhydrous  sulphuric  acid  on  benzoic  acid, 
^^  Mitscherlich  prepared  his  benzoesulphuric  acid  (benzoe- 
hyposulphuric  acid,    Fehling).      Mitscherlich's   formula  is 
1?  Of,  6*  H|o  93  +  H«  O.     Fehling  gives  the  formula,  ac- 
cording to  Liebig's  theory  of  the  constitution  of  organic  acids, 
as  S«05,  O*  Hf  03  +  2  H«  O.      Fehling  has  succeeded  in 
preparing  a  similar  compound  with  succinic  acid.   He  treated 
succinic  acid  with  the  vapour  of  anhydrous  sulphuric  acid ; 
it  is  absorbed  in  large  quantities,  and  heat  is  evolved;   a 
brown  elastic  mass  is  formed,  which  must  be  allowed  to  stand 
for  twenty-four  hours.    The  mass  is  then  diluted  with  water, 
and  carbonate  of  baryta  or  lead  added  until  the  filtered  solu^ 
tion  ^ives  no  precipitate  with  chloride  of  barium.  The  filtered 
solution  is  then  precipitated  by  acetate  of  baryta  or  lead,  and 
fi'om  the  edulcorated  salt  of  lead  the  free  acid  mav  be  prepared 
by  means  of  sulphuretted  hydrogen.     The  solution  evapo- 
rated in  vacuo  ffives  small  verrucose  crystals,  which  cannot  be 
perfectly  dried.    The  acid  is  soluble  in  water  and  alcohol. 
These  crystals,  when  heated  with  carbonate  and  nitrate  of 
potassa,  gave  99*21^  sulphate  of  baryta;  according  to  the  for- 
mula C^WCfi  -f  S«OS  +  8  H«0,  the  quantity  would  be 
99-2§.     The  dry  acid  is  jprobably  C^H^O*-!-  S«0*  -f-  4  H^O. 
From  the  composition  ot  the  salt  of  lead,  it  is  probable  that 
the  acid  is  quadribasic;   2  (C^  H*  O^  +  H«  O)  +  2  S  O^ 
=  O*  H*  95  +  S«  O*  +  4  H«  O.     By  completely  saturating 
the  acid  with  potash,  a  very  deliquescent  salt  is  obtained ;  by 
the  addition  of  a  little  acid  to  its  solution  a  salt  is  formed 
which  may  be  obtained  in  good  crystals,  and  is  not  deliques- 
cent; it  contains  six  atoms  of  watery  in  vacuo  it  loses  two 
atoms.    Thb  salt  with  four  atoms  loses  at  100^  three  atoma 
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more)  and  its  formula  is  then  C^  H^O^,  S^O^  -f  8  KO  +  IPO, 

Sit- 


orC«H*(y.S  +  ":"T 


Ttie  salt  dried  in  vacuo^  and  then  at  a  gentle  heat,  contains 
three  atoms  of  water,  C«  H*  O*,  S?  O*  +  8  K  O  +  8  H«  O. 
By  adding  more  acid  to  this  succino-hyposulphate  another 
salt  is  obtained,  (?  H^O*,  S«<y  +  2  KO  +  6  H«0.  It 
loses  one  atom  of  water  in  vacuo^  at  a  gentle  heat  another 
atom,  and  at  100^  two  more.  The  ammonia  salt  dried  at  a 
low  temperature  is  C8H*0*,S«<y  +  SN^H^O  +  8H«0. 
The  baryta  salt  is  insoluble  ;  its  formula,  after  being  dried  at 
100^isC»H*O5,S«O^H-3BaO  +  H«O,  The  lime  salt 
is  uncrystallizable;  it  contains  two  atoms  of  lime.  If  the  acid 
solution,  which  has  been  filtered  from  the  sulphate  of  lead  in 
the  preparation  of  the  acid,  be  precipitated  by  acetate  of 
lead,  a  salt  falls  containing  3  Pb  O;  if  the  solution  be  first 
neutralized  with  ammonia,  thf^  precipitate  contains  4  Pb  O. 
The  first  salt  when  dried  in  the  air  is  C»  H*  O*,  S«  0» 
+  3  PbO  +  4  H«0.  It  loses  three  atoms  of  water  at  100°  C. 
The  salt  with  4  Pb  O  contains  four  atoms  of  water,  which  are 
driven  off  at  100°  C.  Formula  C«  H*  O*,  S*  (^  +  4  Pb  O. 
The  silver  salt  is  very  easily  decomposed. 

In  the  formation  of  benzoe-hyposulphuric  acid,  Liebig  sup- 
poses that  one  atom  of  oxygen  aerived  fi'om  the  two  atoms  of 
sulphuric  acid,  combines  with  two  atoms  of  hydrogen  derived 
from  the  benzoic  acid ;  the  water  thus  formed  adds  itself  to 
the  basic  water  of  the  benzoic  acid,  and  the  resulting  com- 
pound is  therefore  bibasic  Berzelius  supposes  that  the  water 
IS  derived  fi'om  the  benzoic  acid  alone,  which  is  thus  con- 
verted into  a  substance  without  acid  properties,  which  can 
combine  with  sulphuric  acid  without  influencing  its  saturating 
power.  Mitscherlich  also  believes  that  the  saturating  power 
depends  wholly  on  the  inorganic  acid.  But  the  succino-hy- 
posulphuric  acid  saturates  four  atoms  of  base ;  if  the  atom  of 
succinic  acid  be  C*  H^  O^  -f  H'  O,  then  both  acids  have  re- 
tained their  saturating  power  in  the  new  compound,  and,  from 
analogy,  benzoesulphuric  acid  ought  to  be  tribasic.  Fehling 
considers  it  most  probable  that  succinic  acid  is  a  tribasic  acid; 
the  hypothetical  anhydrous  acid  is  the  C®  H^  O^;  this  com- 
bines with  two  atoms  of  sulphuric  acid,  one  atom  of  water  is 
given  ofl^,  and  hyposulphuric  acid,  which  saturates  only  one 
atom  of  base,  is  formed.  The  compound  acid  will  then  be 
quadribasic.  Crystallized  succinic  acid  is  probably  C^  H^  O^ 
+  8  H*  O.  [AnnaUn  der  Chemie  und  Pharmacies  xxxviii. 
p.  885.) 
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On  the  Compounds  of  Cyanogen  with  Sulpkweiied  Hj/drogen. 

Volckel  has  made  some  experimeuts;  under  Wohler,  on  the 
two  compounds  obtained  by  mixing  together  cyanogen  and 
sulphuretted  hydrogen.  The  vellow  compound  nas  been  de- 
scribed by  Gay-Lussac,  the  red  one  by  Wohler.  By  passing 
the  two  gases  at  the  same  time  into  alcohol,  but  so  that  the 
cyanogen  is  always  in  excess,  the  yellow  body  is  obtained ; 
when  sulphuretted  hydrogen  is  in  excess  the  red  one  is  form- 
ed. They  may  be  purified  by  recrystallization  out  of  alcohol. 
The  red  body  has  the  formula  C*  N^  H^  S*.  By  adding  ace- 
tate of  lead  to  an  excess  of  this  body  dissolved  in  alcohol,  a 
yellow  precipitate  is  obtained ;  its  formula,  when  dried  in 
vacuoj  is  C*  N*  H*  S*  Pb.    In  the  red  body,  therefore,  one 

Suivalent  of  hydrogen  has  been  replaced  by  one  equivalent 
lead.  It  may  be  considered  as  similar  to  mercaptan,  viz. 
C?  N«  H«  S  +  H*  S.  The  lead  compound  is  i?  H«  W  S 
+  Pb  S.  By  boiling  with  water  this  salt  is  decomposed,  sul- 
phuret  of  lead  id  formed,  cyanogen  is  evolved,  and  the  solu- 
tion contains  both  the  red  and  the  yellow  body.  The  red 
bodpr  is  soluble  in  a  cold  solution  of  potassa,  it  is  precipitated 
agam  by  acids.  Boiled  with  a  concentrated  solution  of  po- 
tassa, it  forms  sulphocyanuret,  sulphuret,  and  cyanuret  of 
potassium.  Boiled  with  a  dilute  solution  it  forms  ammonia, 
oxalate  of  potassa,  and  sulphuret  of  potassium.  It  may  be 
considered  as  oxamid,  in  which  the  oxygen  is  replaced  by 
sulphur.  The  yellow  compound  decomposes  very  easily, 
does  not  give  any  lead  compound ;  with  a  salt  of  silver  it  is 
decomposed  like  the  red  compound;  cyanogen  is  evolved, 
and  sulphuret  of  silver  precipitated.  According  to  Gay-Lus- 
sac,  its  composition  is  C*  N^  H«  S^,  or  perhaps  2  C«  N«  H«  S 
+  H^  S.  If  we  double  its  formula  we  have  the  composition 
of  allantoin,  in  which  the  oxygen  is  replaced  by  sulphur.  (An-- 
nalen  der  Chemie  und  Pharmacies  xxxviii.  p.  814.) 

On  some  Benzoyl  Compounds. 

Laurent  has  examined  the  action  of  sulphuretted  hydrogen 
and  of  hydrosulphuret  of  ammonium  on  the  benzoyl  com- 
pounds. 

Hydruret  of  sulphobenzqyl  is  obtained  by  dissolving  one 
volume  of  oil  of  bitter  almonds  in  eight  or  ten  volumes  of 
alcohol,  and  adding  slowly  one  volume  of  the  hydrosulphu- 
ret; after  a  few  minutes  a  white  mealy  powder  is  deposited. 
By  adding  a  little  hydrosulphuret  to  tne  boiling  hot  alco- 
holic solution  of  the  oil,  a  white  voluminous  precipitate  of  the 
hydruret  is  produced.     It  is  insoluble  in  water  and  alcohol, 

Phil.  Mag.  S.  3.  Vol  19.  No.  126.  Dec.  1841.       2  G 
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is  dissolved  by  aether,  but  onlv  in  smftU  quantity  i  beeomes 
soft  at  90°  or  95°  C.  By  distilling  it  is  decomposed  into  se- 
veral new  bodies ;  it  is  decompofied  by  nitric  acid.  Formula 
C14  ni2  ga.  The  oxygen  of  the  benzoyl  has  therefore  been 
replaced  by  sulphur.  [Might  not  the  formula  be  C^'*  H^^  8 
+  H^  S,  f.  e,  hydrosulphuret  of  benzoyl?  Berzelius  assumes 
a  radical  in  benzoic  acid,  C^"^  H^^  which  he  calls  benzoyl. — 
H.C.] 

Hydruret  of  sutphanobenzoyl  is  formed  with  the  Above^  but 
only  in  small  quantity.  It  may  be  obtained  by  mixing  one 
volume  of  hydrosulphuret  of  ammonium  with  a  solution  of  one 
volume  of  oil  of  bitter  almonds  in  four  or  five  volumes  of 
ffither,  and  allowing  the  mixture  to  stand  fot  a  month;  il 
white  crystalline  crust  is  formed,  which  may  be  purified  by 
resolution  in  ether,  8cc«  This  hydruret  is  colourless  and 
transparent,  may  be  obtained  in  good  crystals,  oblique  prisms 
with  rectangular  base.  It  melts  at  125^)  at  a  higher  tempe-- 
rature  ammonia  is  evolved  and  other  products  are  formed. 
Boiling  alcohol  slowly  decomposes  it     It  is  rapidly  dedom-* 

f)osed  by  warm  nitric  acid;  an  oil  (bitter  almond  oil?)  is 
brmed.  Formula  C*^  W^  N**  S^S  or  six  atoms  of  hydruret 
of  sulphobenzoyl,  and  two  atoms  of  hydrobenzamid  (hy» 
druret  of  azobenzoyl),  6  (C^^  H^^  S«  4-  H*)  +  3  {C«»  H»^N« 
■f  H«> 

Hydrondphate  of  Azobenzoyl. — Equal  volumes  of  almond 
oil,  ammonia,  and  hydrosulphuret  of  ammonium,  are  allowed 
to  stand  six  months  in  a  closed  bottle,  the  oil  becomes  almost 
solid;  on  boiling  the  mass  with  aether,  a  small  quantity  of  the 
hydrosulphate  remains  in  form  of  a  white  powder.  It  is  al- 
most insoluble  In  alcohol^  somewhat  soluble  in  ffither^  and 
from  this  solution  it  may  be  obtained  in  microscopic  crystals. 
The  probable  formula  is  C^^  H>o  N«  +  H«  S. 

Aiobentoidin. — Oil  of  bitter  almonds,  which  had  not  beeti 
purified  by  means  of  protochloride  of  iron  and  potassa^  was 
distilled,  and  the  first  two-thirds  preserved.  A  part  of  this, 
mixed  in  a  bottle  with  an  equal  volume  of  ammonia,  became 
a  solid  mass  in  fourteen  days;  this  was  treated  with  cold 
iBther,  which  dissolved  an  oily  matter,  a  substance  crj^stal* 
lizing  in  needles  and  azobenzoyl :  a  white  powder  remained^ 
whicn,  when  boiled  with  eether,  left  some  benzoylazotid  behind 
mixed  with  another  substance,  and  the  aethereal  solution  gate 
on  evaporation  crystals  of  azobenzoidin.  It  is  colourless 
and  inodorous,  almost  insoluble  in  alcohol,  somewhat  soluble 
in  sether,  is  decomposed  by  boiling  hydrochloric  acid,  forms 
with  boiling  nitric  acid  an  acid  probably  new*  Formula^ 
Ci«  H^i  N^.     If  this  formula  be  doubled^  and  fifty-nide 
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tftken  as  the  Equivalent  of  nitrogen,  we  obtain  the  formula 
(C^*  H^o  N«  +  N)  +  (C14  H»o  N«  +  H«.)  Thig  body  is  iso- 
meric with  aaobenzoid)  which  is  insoluble  in  asther,  uncry- 
stalline,  but  crystallizes  after  fusion,  which  the  above  body 
does  not. 

AzobenzoUid, — Purified  bitter  almond  oil  was  distilled,  and 
the  first  eighth  of  the  product  mixed  with  ammonia ;  in  three 
weeks  halt  of  the  oil  had  become  solid ;  aether  extracted  the 
oily  portion,  the  remainder  was  crystalline.  It  is  insoluble  in 
alcohol,  very  little  soluble  in  aether,  is  decomposed  by  distil* 
htion,  forms  with  nitric  acid  an  oily  substance.  Formula 
Q\A  jjii  -^^^  ii  J3  therefore  isomeric  with  azobenzoid  and 
azobenzoidine. 

Hydruret  qf  benzayline  is  formed  by  treating  hydruret  of 
azobenzoylin  with  hydrochloric  acid ;  a  thick  oily  matter  is 
produced,  which  must  be  washed  with  boiling  water  and  dried 
until  it  is  solid*  It  is  colourless,  inodorous,  easily  soluble  in 
alcohol  and  aether,  is  not  decomposed  by  distillation ;  forms 
a  compound  with  bromine.  By  the  addition  of  ammonia  to 
its  boiling  alcoholic  solution,  hydruret  of  azobenzoylin  is 
formed.  Formula  C^*  H**  O*.  It  is  therefore  isomeric  with 
hydruret  of  benzoyl. 

Hi/dturei  of  Azobenzojflin.^^lt  has  been  mentioned  above^ 
that  in  the  process  for  procuring  azobenzoidin  by  the  action 
of  ammonia  on  almond  oil,  an  oily  matter,  azobenzo^l,  and  a 
substance  in  acicular  crystals  are  produced.  This  mixture  is 
heated  with  alcohol  until  it  boils,  and  hydrochloric  acid  added; 
the  whole  is  dissolved,  except  a  small  quantity  of  a  crystalline 
substance.  The  alcoholic  solution  deposiU  an  oily  matter  on 
evaporation ;  this,  when  treated  with  ammonia,  becomes  solid 
in  a  few  minutes.  The  solid  part  must  be  ouickly  washed 
with  a  mixture  of  alcohol  and  aether,  by  which  a  white  sub- 
stance is  obtained,  which  may  be  purified  by  repeated  recry- 
stallization  out  of  alcohol.  It  is  colourless,  inodorous,  tolera- 
bly  soluble  in  boiling  alcohol;  the  solution  deposits  it  on 
coolmg  in  the  form  oflong  needles.  It  may  be  distilled  with- 
out decomposition,  but  is  easily  decomposed  by  hydrochloric 

aoid«  Formula  C^'^  H^^  N^.  It  is  therefore  isomeric  with 
hydrobenzamid,  benzhydramid,  and  benzoinamid.  The  hy» 
drobenzamid  is  easily  soluble  in  aether,  and  crystallizes  in 
octahedrons.  Benzhydramid  is  not  decomposed  by  hydro* 
chloric  acid,  and  benzoinamid  is  distinguished  by  its  almost 
perfect  insolubility. 

Laurent  has  discovered  benzoyl  (Liebig's  benzil)  in  the 
purified  oil  of  bitter  almonds.    By  treating  almond  oil  with 
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chloride  of  sulphur,  benzoate  of  hydrobenzoyl  is  produced « 
{Annates  de  Ckemie  et  de  Phys.^  Srd  ser.,  t.  i.  p.  291.) 

[It  may  be  remarked,  that  the  mention  of  a  great  number 
of  other  bodies,  whose  composition  and  properties  have  not 
been  examined,  has  been  excluded  from  this  extract.] 

Formation  ofMurexid. 

Liebig  and  Wohler  have  found  that  when  a  concentrated 
solution  of  pure  alloxan  is  boiled,  an  evolution  of  carbonic 
acid  takes  place,  which  continues  for  a  long  time.  The  so- 
lution then  gives,  with  baryta,  a  blue  precipitate,  and  with 
carbonate  of  ammonia  a  considerable  quantity  of  murexid. 
On  cooling,  and  during  the  boiling,  a  quantity  of  alloxantin 
is  deposited,  which  explains  the  formation  of  murexid.  If  the 
mother  liquor  is  saturated  with  ammonia,  oxalurate  of  am- 
monia is  obtained.    Three  atoms  of  alloxan  give 

2  atoms  Alloxantin       =  C*«  H«  W  0». 

1  atom  Parabanic  acid  =  C«  H*  N*  <y. 

2  atoms  Carbonic  acid  =  C^  O^. 

S  atoms  Alloxan  =  C«*  H**  N^' 0«>. 

{Annalen  der  Chemie  und  Pharmacies  xxxviii.  p.  357.) 

LXVIII.    A  few  Remarks  on  Electro^MetaUurgy.    By  Mr. 
T.  B.  Jordan*. 

TN  the  course  of  a  limited  series- of  experiments,  which  I 
-^  have  tried  in  this  interesting  branch  of  the  useful  applica- 
tion of  electricity,  a  few  ideas  have  occurred  to  me,  which,  I 
believe,  possess  the  charm  of  novelty.  As  no  suggestion, 
however  trivial  in  itself,  can  be  considered  altogether  unim- 
portant when  it  bears  on  the  practical  application  of  science 
to  our  manufacturing  arts,  I  feel  no  hesitation  in  laying  be- 
fore the  Society  the  following  remarks  with  a  view  to  their 
being  made  public.  It  is  quite  evident  that  Mr.  Spencer's 
recent  discoverv,  of  the  art  of  depositing  metals  from  a  solu- 
tion of  their  salts  by  galvanic  action,  has  placed  in  the  hands 
of  manufacturers  a  new  means  of  copying,  and  the  importance 
of  this  will  be  immediately  apparent  to  those  who  know  how 
large  a  portion  of  our  manufactures  in  metal  are  the  copies 
of  original  matrixes,  or  more  indirectly  the  results  of  other 
copying  processes.  Some  imagine  that  because  it  is  only 
the  means  of  copving,  it  is  really  of  little  value ;  but  it  is  im- 
possible to  allow  this  to  be  a  valid  objection,  when  we  consider 
how  very  few  metal  articles  there  are,  which  do  not  wholly  or 

•  From  the  Eighth  Annual  Report  of  the  Royal  Cornwall  Polytechnic 
Society,  1840. 
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in  part  owe  their  origin  to  copying*  If  then  it  can  be  shown 
that  this  method  possesses  advantages  for  some  description  of 
work,  which  are  not  common  to  any  other,  and  that  there  is 
good  reason  to  suppose  it  may  be  oeconomically  conducted, 
then  we  may  fairly  infer,  that  it  will  in  due  time  become  one 
of  the  ordinary  processes  of  our  factories. 

Its  advantages  are  numerous,  and  some  of  them  so  self- 
evident,  that  they  only  require  naming  to  be  allowed ;  for  in- 
stance, any  surface,  whatever  be  its  material  or  form,  may  be 
covered  with  a  coating  of  metal,  vi^ithout  heat  and  without 
force ;  this  coating  may  be  allowed  to  accumulate  to  the  re- 
quired thickness,  and  may  then  be  removed  from  its  original, 
when  the  surfaces  which  were  in  contact  will  be  found  to  be 
so  perfectly  alike,  that  it  is  impossible  to  discover  the  minutest 
scratch  in  one  which  has  not  its  counterpart  in  the  other* 
In  proof  of  the  accuracy  of  the  copy,  I  may  refer  to  the  nume- 
rous admirable  copies  of  eng;raved  plates  and  medals  already 
before  the  public ;  if  any  of  these  specimens  be  examined  with 
a  glass,  it  will  be  found  that  not  only  every  line  of  the  graver, 
but  every  scratch  in  the  polished  surface  o(  the  original  plate  is 
iailbfully  transferred,  both  to  the  deposited  matrix,  and  the 
subsequent  copy  of  it ;  and  when  we  consider  the  fact  that 
both  these  copies  are  of  the  same  material  as  the  original 
plate,  and  that  that  may  just  as  well  have  been  of  a  much  soft- 
er and  more  workable  material,  we  must  immediately  con* 
dude  that  there  is  no  other  known  mode  of  copying  pos- 
sessing like  advantages.  But  as  the  application  of  it  to  the 
copying  of  engravings,  medals,  woodcuts,  and  similar  subjects, 
is  already  weU  known,  I  merely  refer  to  it  in  illustration  of 
my  views,  and  will  now  offer  a  few  reasons  for  supposing 
that  it  may  evehtually  be  found  an  ceconomical  process  for 
some  of  the  more  ordinary  branches  of  our  manufactures  in 
metal. 

I  can  now  only  explain  the  principles  which  lead  me  to 
imagine  that  it  would  not  be  a  costly  process  on  the  laree 
scale.  In  my  preliminary  experiments,  I  have  used  Mr. 
Smee's  battery  of  platinated  silver  and  zinc,  excited  by  diluted 
sulphuric  acid ;  it  acts  well,  and  is  more  convenient  than  the 
sulphate  of  copper  batteries. 

Mr.  Spencei^s  very  simple  and  cheap  arrangements,  in 
which  the  negative  plate  of  a  single  pair  is  that  receiving  the 
deposit,  is  I  think  very  suitable  for  flat  work,  but  for  compli- 
cated forms  I  should  certainly  prefer  having  the  battery  ar- 
rangement separate  from  the  depositing  cell,  both  on  account 
of  its  being  more  manageable,  and  because  in  this  way  the 
solution  of  the  sulphate  of  copper  is  kept  constantly  at  the 
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point  of  saturation  by  the  destruction  of  a  portion  of  the 
copper  plate  connected  with  the  negative  plate  of  the  battery ; 
of  course  the  solution  of  this  plate  is  effected  by  the  portion 
of  acid  set  free  by  depositing  its  copper  on  the  mouldy  assisted 
by  the  galvanic  action ;  so  that  in  fact  this  method  gives  us  the 
power  of  removing  the  material  from  any  old  and  irregular 
piece  of  metal,  and  depositing  it  in  the  most  highly  wrought 
mould  of  which  we  may  wish  to  obtain  a  copy. 

In  taking  a  comparative  View  of  the  probable  cost  of  pro- 
ducUoUi  it  will  not  be  necessary  to  consider  the  first  outlay 
for  apparatus  and  moulds,  because  there  must  be  a  much 
larger  outlay  before  commencing  operations  in  the  usual  way ; 
ana  leaving  this  out  of  the  question,  the  cost  of  any  electro* 
deposit  would  be  made  up  of  the  value  of  the  raw  material, 
of  the  zinc  and  acid  used  in  the  battery,  and  of  the  time  em- 
ployed in  making  the  arrangement. 

The  raw  material  may  be  obtained  in  considerable  quan- 
tities, at  its  lowest  price,  as  old  sheathing  copper  would  be 
admirably  adapted  to  the  purpose,  on  account  of  the  facility 
with  which  it  may  be  bent  to  any  required  form.  The  zinc 
and  acid  used  in  the  battery  would  only  have  combined  *to 
form  sulphate  of  zinc,  which  would  be  of  some  value.  The 
time  required  for  making  the  arrangements  in  the  different 
troughs  of  a  large  factory,  would  be  comparatively  small,  be- 
cause one  man  may  keep  a  great  number  at  work,  as  they 
only  require  attention  once  in  twenty-four  hours^of  coarse 
there  must  be  many  other  persons  employed  in  such  a  factory, 
in  preparing  new  patterns,  and  new  battery  plates  and  con- 
nexions, but  these  come  under  other  heads  of  expenditure 
which  have  their  counterparts  in  the  present  mode. 

I  will  now  suggest  a  few  of  the  plans  which  may  be  used 
for  producing  hoUow  vessels.  The  most  simple  process  which 
has  occurred  to  me,  and  the  one  which  I  have  already  used 
with  success,  is  to  form  a  block  of  some  easily  fused  material 
into  the  shape  of  the  interior  of  the  required  vessel,  which 
serves  as  the  matrix  for  depositing  the  copper  on ;  when  this 
is  sufficiently  thick,  it  may  be  placed  on  the  iire  till  the  block 
is  melted,  when  the  fluid  material  may  be  poured  from  any 
of  its  openings,  and  leave  the  hollow  vessel  complete  and  in 
a  single  piece,  without  the  aid  of  the  soldering  iron  or  ham- 
mer. Ine  temporary  block  on  which  this  vessel  is  deposited 
may  be  formed  of  wax,  cement,  fusible  metal^  lead,  or  any 
other  convenient  material  which  melts  at  a  much  lower  tem- 
perature than  the  metal  to  be  deposited.  I  consider  this 
metliod  to  be  peculiarly  applicable  to  the  most  complicated 
forms  of  metallic  musical  instruments,  and  to  crooked  tubuhur 
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work  generally;  bat  it  has  certainly  the  great  disadvantage 
of  requiring  a  new  mould  for  every  repetition  of  the  work,  or 
raiher  a  new  blocks  for  these  may  in  many  cases  be  cast  in  a 
mould  which  would  be  permanent  for  any  number  of  repeti- 
tions. There  is  however  one  means  of  avoiding  this  in  some 
cases,  which  is  very  well  illustrated  by  the  common  booMree ; 
if  this  were  put  together,  and  afler  having  its  surface  metalized, 
placed  in  the  depositing  trough  for  a  proper  time,  we  should 
certainly  have  it  covered  with  copper;  we  may  then  take  out 
the  centre  or  key*piece,  which  would  unlock  the  others,  and 
they  may  readily  be  removed,  leaving  a  copper  boot-^not  a 
very  desirable  article  certainly,  but  the  block  may  just  as  well 
have  been  formed  to  a  more  suitable  shape.  Still  there  are 
disadvantages  in  this  mode  of  procedure  which  would  limit  the 
application  to  a  few  articles,  although  there  are  some  which 
could  not  readily  be  accomplished  in  anv  other  way.  For 
the  production  of  ornamental  vases  and  other  works  of  value, 
I  would  suggest  the  following  method : — Let  the  whole,  or  a 
segment  of  uie  work,  according  to  the  nature  of  the  design, 
be  moulded  in  wax,  carved  in  wood,  cast  in  plaster,  or  pro- 
duced in  any  more  convenient  way ;  then  metalize  the  surface, 
and  deposit  on  as  large  a  portion  of  the  original  as  will  relieve 
in  one  piece ;  repeat  this  at  different  times  over  the  whole 
work,  and  so  manage  the  edges  of  each  piece  that  the  whole 
shall  key  together  in  the  usual  way,  so  that  when  finished 
you  will  possess  a  metallic  mould  for  the  required  work. 
should  the  design  be  complicated  in  form,  a  number  of  pieces 
will  be  requisite;  but  there  are  many  very  expensive  articles 
which  would  readily  relieve  if  the  mould  were  in  a  single  piecei 
and  a  very  much  more  extensive  class  which  may  be  made  in 
two  parts.  Of  course  the  inside  of  these  metallic  segments 
would  correspond  in  polish  and  finish  to  the  original  model, 
and  the  metal  mould,  when  complete,  would  serve  for  an  un« 
limited  number  of  copies,  which  would  not  require  any  clean- 
ing up  or  hand  finishing,  but  the  parts  would  require  to  be 
put  together,  which  I  propose  to  effect  by  the  same  power 
that  produced  them ;  this  I  think  may  be  done  by  covering 
the  work  with  wax  varnish  while  warm,  and  afterwards  care* 
fiilly  cleaning  all  the  edges,  and  then  binding  it  together  as  if 
for  soldering ;  the  joints  must  now  be  touched  over  with  nitric 
acid,  and  the  article  properly  connected  with  the  battery,  and 
placed  in  the  depositing  trough ;  copper  will  immediately 
begin  to  deposit  on  the  joints,  and  in  a  few  hours  I  imagine 
that  these  joints  would  be  quite  as  strong  as  any  other  part; 
if  so,  the  method  would  have  the  decided  advantage  of  join- 
ing the  work  with  pure  copper,  and  of  doing  this  without  ex- 
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posing  any  part  of  it  to  the  fire.  I  have  not  yet  attempted 
to  join  any  work  in  this  way,  but  I  consider  that  I  have  good 
evidence  of  its  practicability,  in  the  welUknown  fact  of  de- 
posited copper  uniting  with  any  other  portion  of  copper  which 
has  been  cleaned  witn  nitric  acid,  quite  as  intimately  as  the 
different  parts  of  the  original  piece  are  united. 

In  the  foregoing  remarks  I  have  endeavoured  to  show,  that , 
the  system  of  electro-metallic  deposits  is  capable  of  producing 
every  article  which  leaves  the  workshop  of  the  coppersmith, 
and  that  there  is  no  very  apparent  reason  for  supposing  that 
it  would  be  too  costly  to  compete  with  the  usual  processes  of 
manufacture ;  still  much  of  this  opinion  is  speculative,  and  as 
yet  I  have  not  sufficient  experimental  evidence  to  offer  in 
support  of  it;  but  such  as  I  have,  has  fully  satisfied  me  that  it 
is  correct  The  small  toy  which  accompanied  this  paper,  was 
made  a  few  days  before  the  meeting,  and  I  believe  it  is  the 
first  symmetrical  copper  vessel  ever  produced  by  galvanic  ac- 
tion* 


LXIX.    On  the  Chemical  Statics  of  Organized  Beings* 
By  M.  Dumas. 

[Continiied  from  p.  347,  and  concluded.] 

III. — T  ET  a  seed  be  thrown  into  the  earth,  and  be  left 
^^  to  germinate  and  develop  itself;  let  die  new  plant 
be  watched  until  it  has  borne  flowers  and  seeds  in  its  turn,  and 
we  shall  see  by  suitable  analyses,  that  the  primitive  seed,  in 
producing  the  new  being,  has  fixed  carbon,  hydrogen,  oxy- 
gen, azote  and  ashes. 

Carbon. — The  carbon  originates  essentially  from  carbonic 
acid,  whether  it  be  borrowed  from  the  carbonic  acid  of  the 
air,  or  proceed  from  that  other  portion  of  carbonic  acid  which 
the  spontaneous  decomposition  of  manures  continually  gives 
out  in  contact  with  the  roots. 

But  it  is  from  the  air  especially  that  plants  most  fi^quently 
derive  their  carbon.  How  could  it  be  otherwise  when  we 
see  the  enormous  quantity  of  carbon  which  aged  trees,  for 
example,  have  appropriated  to  themselves,  and  yet  the 
very  limited  space  within  which  their  roots  can  extend? 
Certainly,  when  a  hundred  years  ago  the  acorn  germinated, 
which  has  produced  the  oak  that  we  now  admire,  the  soil  on 
which  it  fell  did  not  contain  the  millionth  part  of  the  carbon 
tuat  the  oak  itself  now  contains.  It  is  the  carbonic  acid  of 
the  air  which  has  supplied  the  rest,  that  is  to  say,  nearly  the 
wnoie. 
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But  what  can  be  clearer  and  more  conclusive  than  the 
experiment  of  M.  Boussingault,  in  which  peas,  sowed  in 
sand,  watered  with  distilled  water,  and  having  no  aliment  but 
air,  have  found  in  that  air  all  the  carbon  necessary  for  deve- 
lopment, flowering  and  fructification  ? 

All  plants  fix  carbon,  all  borrow  it  from  carbonic  acid, 
whether  this  be  taken  direcdy  from  the  air  bv  the  leaves, 
whether  the  roots  imbibe  within  the  ground  tne  rain  water 
impregnated  with  carbonic  acid, — or  whether  the  manures, 
whilst  decomposing  in  the  soil,  supply  carbonic  acid,  which 
the  roots  also  take  possession  of  to  transmit  it  to  the  leaves. 

All  these  results  may  be  proved  without  difficulty.  M. 
Boussingault  observed  that  vine  leaves  which  were  inclosed 
in  a  globe,  took  all  the  carbonic  acid  from  the  air  directed 
across  the  vessel,  however  rapid  the  current.  M.  Boucherie 
also  observed  enormous  quantities  of  carbonic  acid  escape 
from  the  divided  trunk  of  trees  in  full  sap,  evidently  drawn  by 
the  roots  from  the  soil. 

But  if  the  roots  imbibe  this  carbonic  acid  within  the  earth, 
if  this  passes  into  the  stalk  and  firom  thence  into  the  leaves,  it 
ends  by  being  exhaled  into  the  atmosphere,  without  alteration, 
when  no  new  force  intervenes. 

Such  is  the  case  with  plants  vegetating  in  the  shade  or  at 
night.  The  carbonic  acid  of  the  earth  filters  through  their 
tissues  and  diffiises  itself  in  the  air.  We  say  that  plants  pro* 
duce  carbonic  acid  during  the  night;  we  should  say,  in  such 
a  case,  that  plants  transmit  the  carbonic  acid  borrowed  from 
the  soil. 

But  let  this  carbonic  acid,  proceeding  from  the  soil  or  taken 
from  the  atmosphere,  come  into  contact  with  the  leaves  or  the 
green  parts,  and  let  the  solar  light  moreover  intervene,  then 
the  scene  all  at  once  changes. 

The  carbonic  acid  disappears ;  bubbles  of  free  oxygen  arise 
on  all  the  parts  of  the  leaf,  and  the  carbon  fixes  itself  in  the 
tissues  of  tne  plant. 

It  is  a  circumstance  well  worthy  of  interest,  that  these  green 
parts  of  plants,  the  only  ones  which  up  to  this  time  manifest 
this  admirable  phsenomenon  of  the  decomposition  of  carbonic 
acid,  are  also  endowed  with  another  property  not  less  pecu- 
liar, or  less  mysterious. 

In  fact,  if  their  image  were  to  be  transferred  into  the  ap- 
paratus of  M.  Daguerre,  these  green  parts  are  not  found  to  be 
reproduced  there ;  as  if  all  the  chemical  rays,  essential  to  the 
Daguerrian  phcenomena,  had  disappeared  in  the  leaf,  absorbed 
and  retained  by  it 

The  chemical  rays  of  light  disappear,  therefore,  entirely  in 
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the  green  parts  of  plants;  an  extraordinary  absorption  doubt- 
less, but  which  explains  without  difficulty  the  enormous  ex- 
pense of  chemical  force  necessary  for  the  decomposition  of  a 
body  so  stable  as  carbonic  acid. 

What,  moreover,  is  the  function  of  this  fixed  carbon  in  the 
plant?  for  what  is  it  destined?  For  the  greater  part*  with- 
out doubt,  it  combines  with  water  or  with  its  elements,  thus 
giving  birth  to  matters  of  the  highest  importance  for  the  vege- 
table. 

If  twelve  molecules  of  carbonic  acid  are  decomposed  and 
abandon  their  oxygen,  the  result  will  be  twelve  molecules  of 
carbon,  which,  witn  ten  molecules  of  water,  may  constitute 
either  the  cellular  tissue  of  plants,  or  their  ligneous  tissue^ 
or  the  starch  and  the  dextrine  which  are  produced  from 
them. 

Thus  in  any  plant  whatever,  nearly  the  entire  mass  of  the 
structure  (charpente),  formed  as  it  is  of  cellular  tissue,  of  lig- 
neous tissue,  of  starch,  or  of  gummy  matters,  will  be  repre* 
sented  by  twelve  molecules  of  carbon  united  to  ten  molecules 
of  water. 

The  liffneous  part,  which  is  insoluble  in  water, — the  starch, 
which  gelatinizes  {Pamidon^  quijhit  empois)  in  boiling  water, 
—-and  the  dextrine,  which  dissolves  so  easily  in  water  cold  or 
hot,  constitute  therefore,  as  M.  Payen  has  so  well  proved, 
three  bodies  possessing  exactly  the  same  composition,  but 
diversified  bv  a  different  molecular  arrangement 

Thus,  with  the  same  elements,  in  the  same  proportions,  ve» 
getable  nature  produces  either  the  insoluble  walls  of  the  cells 
of  cellular  tissue,  and  of  the  vessels,  or  starch  which  she 
accumulates  as  nourishment  around  buds  and  embryos,  or 
the  soluble  dextrine  which  the  sap  can  convey  from  one 
place  to  another  for  the  wants  of  the  plant. 

How  admirable  is  this  fecundity,  which  out  of  the  same 
body  can  make  three  different  ones,  and  which  allows  of  their 
being  changed  one  into  the  other,  with  the  slightest  expense 
of  force,  every  time  occasion  requires  it  1 

It  is  also  by  means  of  carbon  united  with  water,  that  the 
saccharine  matters  so  frequently  deposited  in  the  organs  of 
plants  for  peculiar  purposes,  which  we  shall  shortly  mention, 
are  produced.  Twelve  molecules  of  carbon  and  eleven  mo- 
lecules of  water  form  the  cane  sugar.  Twelve  molecules  of 
carbon  and  fifteen  molecules  of  water  make  the  sugar  of  the 
grace. 

These  ligneous,  amylaceous,  gummy  and  saccharine  matters, 
which  carbon,  taken  m  its  nascent  state,  can  produce  by  uni- 
ting with  water,  play  sp  large  a  part  in  the  life  of  plants,  that. 
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when  they  are  taken  into  consideration^  it  is  no  longer  difB* 
cult  to  understand  the  important  part  that  the  decomposition 
of  carbonic  acid  performs  in  plants. 

Hydrogen. — In  the  same  manner  that  plants  decompose  car* 
bonic  acid  for  the  appropriation  of  its  carbon,  and  in  order 
to  form  together  with  it  all  the  neutral  bodies  which  compose 
nearly  their  entire  mass,  in  the  same  way,  and  for  certain 
products  which  they  form  in  less  abundance,  plants  decom- 

Sse  water  and  fix  its  hydrogen.  This  appears  clearly  from 
.  Boussingault's  experiments  on  the  vegetation  of  peas  in 
closed  vessels.  It  is  still  more  evident  from  the  production 
of&t  or  volatile  oils  so  frequent  in  certain  parts  of  plants,  and 
alwavs  so  rich  in  hydrogen.  This  can  only  come  from  water, 
for  the  plant  receives  no  other  hydrogenated  product  than  the 
water  itself. 

These  hydrogenated  bodies,  to  which  the  fixation  of  the 
hydrogen  borrowed  from  the  water  gives  birth,  are  employed 
b^  plants  for  accessory  uses.  They  form  indeed  the  volatile 
oib  which  serve  for  defence  against  the  ravages  of  insects ; 
fat  oils  or  fats,  which  surround  the  seed,  and  which  serve  to 
develop  heat  by  oxidation  {en  se  brUlent)  at  the  moment  of 
germination ;  waxes  with  which  leaves  and  fruits  are  covered 
so  8S  to  become  impermeable  to  water. 

But  all  these  uses  constitute  some  accidents  only  in  the  life 
of  plants ;  thus  the  hydrogenated  products  are  much  less  ne« 
cessary,  much  less  common  in  the  vegetable  kingdom  than 
the  neutral  products  formed  of  carbon  and  water. 

^ffo^r.— During  its  life,  every  plant  fixes  azote,  whether  it 
borrows  the  azote  from  the  atmosphere,  or  takes  it  from  the 
manure.  In  either  case  it  is  probable  that  the  azote  enters 
the  plant  and  acts  its  part  there  only  under  the  form  of  am* 
monia  or  of  nitric  acid. 

M.  Boussingault's  experiments  have  proved  that  certain 
plants,  such  as  Jerusalem  artichokes,  borrow  a  great  quantity 
of  azote  firom  the  air ;  that  others,  such  as  wheat,  are  on  the 
contrary  obliged  to  derive  all  theirs  from  manure ;  a  valuable 
dbtinction  for  agriculture;  for  it  is  evident  that  all  cultivation 
should  begin  by  producing  vegetables  which  assimilate  azote 
and  air,  to  rear  by  their  aid  the  cattle  which  will  furnish  ma^^ 
nure,  and  employ  this  latter  for  the  cultivation  of  certain 
plants,  which  can  take  azote  from  the  manures  only. 

One  of  the  most  interesting  problems  of  agriculture  consists 
then  in  the  art  of  procuring  azote  at  a  cheap  rate.  As  for  car- 
bon,  no  trouble  need  betaken  about  it;  nature  has  provided 
for  it ;  the  air  and  rain  water  suffice  for  it.  But  the  azote  of 
the  air,  that  which  the  water  dissolves  and  brings  with  it ;  the 
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animoniacal  salts  which  rain  water  itself  contains,  are  not  al- 
ways sufficient.  With  regard  to  most  plants,  the  cultiyation 
of  which  is  important,  their  roots  should  also  be  surrounded 
with  azotated  manure,  a  permanent  source  of  ammonia  or  of 
nitric  acid,  which  the  plant  appropriates  as  they  are  pro* 
duced.  This,  as  we  know,  is  one  of  the  ^reat  expenses  of 
agriculture,  one  of  its  great  obstacles,  for  it  possesses  only 
the  manure  which  is  of  its  own  production.  But  chemistry  is 
so  far  advanced  in  this  respect,  that  the  problem  of  the  pro* 
duction  of  a  purely  chemical  azotated  manure  cannot  be  long 
in  being  resolved. 

M.  Sshattenman,  the  skilful  director  of  the  manufactories 
of  Bouxvilliers  in  Alsace,  M.  Boussingault  and  M.  Liebi^, 
have  turned  their  attention  to  the  functions  of  ammonia  in 
azotated  manures.  Recent  trials  show  that  the  nitric  add  of 
the  nitrates  also  merit  particular  attention. 

But  for  what  purpose  is  this  azote,  of  which  plants  seem  to 
have  such  an  imperious  want?  M.  JPayen's  researches  partly 
teach  us,  for  they  have  proved  that  all  the  organs  of  the 
plant,  without  exception,  begin  by  being  formed  of  an  azotated 
matter  analogous  to  fibrine,  with  which  at  a  later  period  are 
associated  the  cellular  tissue,  the  ligneous  tissue,  and  the  amy- 
laceous tissue  itself.  This  azotated  matter,  the  real  origin  of 
all  the  parts  of  the  plant,  is  never  destroyed ;  it  is  alwaj's  to 
be  found,  however  abundant  may  be  the  non-azotated  matter 
which  has  been  interposed  between  its  particles. 

This  azote,  fixed  by  plants,  serves  therefore  to  produce  a 
concrete  fibrinous  substance  which  constitutes  the  rudiment 
of  all  the  organs  of  the  vegetable. 

It  also  serves  to  produce  the  liquid  albumen  which  the  coa- 
gulable  juices  of  all  plants  contain,  and  the  caseum,  so  often 
confounded  with  albumen,  but  so  easy  to  recognize  in  many 
plants. 

Fibrin,  albumen  and  caseum,  exist  then  in  plants.  These 
three  products,  identical  in  their  composition,  as  M.  Vogel 
has  long  since  proved,  ofier  a  singular  analogy  with  the  lig- 
neous matters,  the  amidon,  and  the  dextrine. 

Indeed,  fibrin  is  like  ligneous  matter,  insoluble ;  albumen, 
like  starch,  coagulates  by  neat ;  caseum,  like  dextrine,  is  so- 
luble. 

These  azotated  matters  moreover  are  neutral,  as  well  as  the 
three  parallel  non-azotated  matters ;  and  we  shall  see  that  by 
their  abundance  in  the  animal  kingdom  they  act  the  same  part 
that  these  latter  exhibited  to  us  in  the  vegetable  kin^om. 

Besides,  in  like  manner  as  it  suffices  for  the  formation  of 
non-azotated  neutral  matters,  to  unite  carbon  with  water  or  with 
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its  elements,  so  also  for  the  formation  of  these  azotated  neutral 
matters,  it  suffices  to  unite  carbon  and  ammonium  with  the 
elements  of  water ;  forty-eight  molecules  of  carbon,  six  of  am^ 
monium,  and  seventeen  of  water,  constitute,  or  may  constitute, 
fibrine,  albumen  and  caseum« 

Thus  in  both  cases,  reduced  bodies,  carbon  or  ammo- 
nium, and  water,  suffice  for  the  formation  of  the  matters 
which  we  are  considering,  and  their  production  enters  quite 
naturally  into  the  circle  of  reactions,  which  vegetable  nature 
seems  especially  adapted  to  produce. 

The  function  of  azote  in  plants  is  therefore  worthy  of  the 
most  serious  attention,  since  it  is  this  which  serves  to  K>rm  the 
fibrin  which  is  found  as  the  rudiment  in  all  the  organs,  since 
it  is  this  which  serves  for  the  production  of  the  albumen  and 
caseum,  so  largely  diffiised  in  so  many  plants,  and  which 
animals  assimilate  or  modify  according  to  the  exigencies  of 
their  own  nature. 

It  is  in  plants  then  that  the  true  laboratory  of  organic  che- 
mistry resides; — thus  carbon,  hydrogen,  ammonium  and  water, 
are  the  principles  which  plants  elaborate;  ligneous  matter, 
starch,  gums,  and  sugars  on  the  one  part,  fibrin,  albumen, 
caseum  and  fflpten  on  the  other,  are  then  the  fundamental 
products  of  the  two  kingdoms ;  products  formed  in  plants  and 
in  plants  alone,  and  transferred  by  digestion  into  animals. 

Ashes.-*-An  immense  quantity  of  water  passes  through  the 
vegetable  during  the  period  of  its  existence.  This  water  eva- 
porates at  the  surface  of  the  leaves  and  necessarily  leaves  as 
residue,  in  the  plant,  the  salts  which  it  contained  in  solution. 
These  salts  compose  the  ashes,  products  evidently  borrowed 
from  the  earth,  to  which,  after  their  death,  vegetables  give  it 
back  again. 

As  to  the  form  in  which  these  mineral  products  deposit 
themselves  in  the  vegetable  tissue,  nothing  can  be  more  vari- 
able»  We  may  remark,  however,  that  among  the  products 
of  this  nature,  one  of  the  most  freouent  and  most  abundant 
IS  that  pectinate  of  lime,  discovered  by  M.  Jacquelain  in  the 
ligneous  tissue  of  most  plants. 

IV. — I^  in  the  dark,  plants  act  as  simple  filters  which  water 
and  gases  pass  through;  if,  under  the  influence  of  solar  light 
they  act  as  reducing  apparatus  which  decompose  water,  car- 
bonic acid  and  oxide  of  ammonium,  there  are  certain  epochs 
and  certain  organs  in  which  the  plant  assumes  another,  and 
altc^ether  opposite  part. 

'fnusy  if  an  embryo  is  to  be  made  to  germinate,  a  bud  to  be 
unfolded,  a  flower  to  be  fecundated,  the  plant  which  absorbed 
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the  solai*  beat^  which  decompoted  carbonic  acid  and  water,  all 
at  once  changes  its  course.  It  burns  carbon  and  hydrogen; 
it  produces  heat^  that  is  to  say^  it  takes  to  itself  the  principal 
characters  of  animal  life. 

But  here  a  remarkable  circumstance  reveals  itself*  If  barley 
or  wheat  is  made  to  germinate,  much  heat,  carbonic  acid  and 
water  are  produced.  The  starch  of  these  grains  first  chanffes 
into  gum,  then  into  sugar,  then  it  disappears  in  producing 
carbonic  acid,  which  the  germ  is  to  assimilate.  Does  a  potato 
germinate,  here  also  it  is  its  starch  which  changes  into  dex' 
trine^  then  into  sugar,  and  which  at  last  produces  carbonic 
acid  and  heat.  Sugar,  therefore,  seems  tlie  agent  by  means 
of  which  plants  develop  heat  as  they  need  it. 

How  is  it  possible  not  to  be  struck  from  this  with  the 
coincidence  of  the  following  facts  ?*^Fecundation  is  always  ao-> 
companied  by  heat ;  flowers  as  they  breathe  produce  carbonic 
acid.  They  therefore  consume  carbon  ;  and  if  we  ask  whence 
this  carbon  comes,  we  see  in  the  sugar  cane,  for  example,  that 
the  sugar  accumulated  in  the  stalk  has  entirely  disappeared 
when  the  flowering  and  fructification  are  accomplished.  In 
the  beet  root,  the  sugar  continues  increasing  in  the  roots  until 
it  flowers;  the  seed^bearing  beet  contains  no  .trace  of  sugar 
in  its  root.  In  the  parsnep,  the  turnip  and  the  Cafrot^  the 
same  phsenomena  take  place« 

Thus  at  certain  epochs,  in  certain  organs,  the  plant  turns 
into  an  animal ;  it  becomes  like  it  an  apparatus  of  combus* 
tion;  it  burns  carbon  and  hvdrogen;  it  gives  out  heat. 

But  at  these  same  periods,  it  destroys  in  abundance  the 
saccharine  matters  which  it  had  slowly  accumulated  and 
stored  up»  Sugar,  or  starch  turned  into  sugar,  are  then  the 
primary  substances  by  means  of  which  plants  develop  heat  as 
required  for  the  accomplishment  of  some  of  their  functions. 

And  if  we  remark  with  what  instinct  animals,  and  men  too, 
choose  for  their  food  iust  that  part  of  the  vegetable  in  which 
it  has  accumulated  the  sugar  and  starch  which  serve  it  to 
develop  heat,  is  it  not  probable,  that,  in  the  animal  cscotiottiy, 
sugar  and  starch  are  also  destined  to  act  the  same  part,  that 
is  to  say,  to  be  burned  for  the  purpose  of  developing  the  heat 
which  accompanies  the  pheenomenon  of  respiration? 

To  sum  up,  as  long  as  the  vegetable  preserves  its  most  ba« 
bitual  character,  it  draws  from  the  sun  heat,  light,  and  che- 
mical rays.  From  the  air  it  receives  carbon,  from  water  it 
takes  hydrogen,  azote  from  the  oxide  of  ammonium,  and  dif« 
ferent  salts  fi'om  the  earth.  With  these  mineral  or  elementary 
substances,  it  composes  the  organized  substances  which  accu- 
mulate in  its  tissues* 
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They  are  ternary  ftubttancefl,  ligneoas  matter,  itarcb^  gums 
and  sugars. 

They  are  quaternary  substances^  fibrin^  albumen^  casetim, 
and  gluten. 

So  &r  then  the  vegetable  is  an  unceasing  producer;  but  if 
at  times^  if  to  satisfy  certain  wants,  the  ratable  becomes  a 
consumer,  it  realizes  exactly  the  same  phsenomena  which  the 
animal  will  now  set  before  us. 

V. — An  animal  in  fact  constitutes  an  apparatus  of  combus« 
tlon  from  which  carbonic  acid  is  continually  disengaged,  in 
which  consequently  carbon  undergoes  combustion* 

You  know  that  we  were  not  stopped  by  the  expression 
cold-blooded  animals^  which  would  seem  to  designate  some 
animals  destitute  of  the  property  of  producing  heat.  Iron^ 
which  bums  vividly  in  oxygen,  produces  a  heat  which  no 
one  would  deny ;  but  reflection  and  some  science  is  necessary 
in  order  to  perceive,  that  iron  which  rusts  slowly  in  the  air 
disengages  quite  as  much,  although  its  temperature  does  not 
sensibly  vary.  No  one  doubts  tliat  lighted  phosphorus  in 
burning  produces  a  great  quantity  of  heat.  Unkindled  phos- 
phorus also  bums  m  the  air,  and  yet  the  heat  which  it  de- 
velops ill  this  state  was  for  a  long  time  disputedt 

So  as  to  atiimals,  those  which  are  called  warm*-blooded 
bum  much  carbon  in  a  given  time,  and  preserve  a  sensible 
excess  of  heat  above  the  surrounding  bodies;  those  which 
are  termed  cold-blooded  burn  much  less  carbon,  and  conse- 

3uentlv  retain  so  slight  an  excess  of  heat,  that  it  becomes 
ifficult  or  impossible  to  observe  it. 

But  nevertheless,  reflection  shows  us  that  the  most  constant 
character  of  animal  existence  resides  in  this  combustion  of 
carbon,  and  in  the  development  of  carbonic  acid  which  is  the 
result  of  it,  beginning  also  in  the  production  of  heat  which 
every  combustion  of  carbon  occasions. 

Whetfier  the  question  be  of  superior  or  inferior  animals ; 
whether  this  carbonic  acid  be  exhaled  from  the  lungs  or  from 
the  skin,  does  not  signify ;  it  is  always  the  same  pheenomenoni 
the  sam^  function. 

At  the  same  time  that  animals  bum  carbon,  they  also  burn 
hydrogen ;  this  is  a  point  proved  by  the  constant  disappear- 
ance  of  hydrogen  which  takes  place  in  their  respiration. 

Besides,  they  continually  exhale  azote.  I  insist  upon  this 
point,  and  principally  in  order  to  banish  an  illusion  which  I 
cannot  but  believe  to  be  one  of  the  most  prejudicial  to  your 
studies.  Some  observers  have  admitted  that  there  is  an  ab« 
sorption  of  asote  in  respiration,  but  which  never  appears  un* 
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• 
accompuiied  by  circumstances  that  render  it  OKMre  than  doubt- 
ful.    The  constant  phasnomenon  is  the  exhalation  of  gas. 

We  must  therefore  conclude  with  certainty,  that  we  never 
borrow  azote  from  the  air ;  that  the  air  is  never  an  aliment 
to  us ;  and  that  we  merely  take  from  it  the  oxygen  necessary 
to  form  carbonic  acid  with  our  carbon,  and  water  with  our  hy* 
drc^en. 

The  azote  exhaled  proceeds  then  from  the  aliments,  and  it 
originates  from  them  entirely.  This,  in  the  general  ceconomy 
of  nature,  may  in  thousands  of  centuries  be  absorbed  by 
plants,  which,  like  Jerusalem  artichdces,  draw  their  azote  di- 
rectly from  the  air. 

But  this  is  not  all  the  azote  which  animals  exhale.  Every 
one  gives  out  by  the  urine,  on  an  average,  as  M.  Lecanu  has 
proved,  230  grains  of  azote  a  day,  of  azote  evidently  drawn 
from  our  food,  like  the  carbon  and  hydrc^en  which  are  oxi- 
dized within  us  {que  nous  brulans). 

In  what  form  does  this  azote  escape?  In  the  form  of  am- 
monia. Here  indeed,  one  of  those  observations  presents  it- 
self which  never  fail  to  fill  us  with  admiration  for  the  simpli- 
city of  the  means  which  nature  puts  in  operation. 

If  in  the  general  order  of  things  we  return  to  the  air  the 
azote  which  certain  vegetables  may  sometimes  directly  make 
use  of,  it  ought  to  happen  that  we  should  also  be  bound  to 
return  ammonia,  a  product  so  necessary  to  the  existence  and 
development  of  most  vegetables. 

Such  is  the  principal  result  of  the  urinary  secretion.  It  is 
an  emission  of  ammonia,  which  returns  to  the  soil  or  to  the 
air. 

But  is  there  any  need  to  remark  here,  that  the  urinary 
organs  would  be  changed  in  their  functions  and  in  their  vi- 
tality by  the  contact  of  ammonia?  the  contact  of  the  carbo- 
nate of  ammonia  would  even  effect  this ;  and  so  nature  causes 
us  to  excrete  urea. 

Urea  is  carbonate  of  ammonia,  that  is  to  say,  carbcmic 
acid  like  that  which  we  expire,  and  ammonia  such  as  plants 
require.  But  this  carbonate  of  ammonia  has  lost  of  hydro- 
gen and  oxygen,  so  much  as  is  wanting  to  constitute  two  mo- 
kcules  of  water. 

Deprived  of  this  water  the  carbonate  of  ammonia  becomes 
urea;  then  it  is  neutral,  not  acting  upon  the  animal  mem- 
branes ;  then  it  may  pass  through  the  kidneys,  the  ureters, 
and  the  bladder,  without  inflaming  them ;  but  having  reached 
the  air,  it  undergoes  a  true  fermentation,  which  restores  to  it 
these  two  molecules  of  water,  and  which  makes  of  this  same 
urea  true  carbonate  of  ammonia;  volatile,   capable  of  ex- 
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haling  ia  the  air;  solabie»  so  that  it  may  be  taken  up  again  bv 
rain ;  and  consequently  destined  thus  to  travel  from  the  earth 
to  the  air  and  from  the  air  to  the  earth,  untU,  pumped  up  by 
the  roots  of  a  plant  and  elaborated  by  it,  it  is  converted  anew 
into  an  organic  matter. 

Let  us  mid  another  feature  to  this  picture.  In  the  urine, 
along  with  urea,  nature  has  placed  some  traces  of  albuminous 
or  mucous  animal  matter,  traces  which  are  barely  sensible  to 
analysis.  This,  however,  when  it  has  reached  the  air,  is  there 
modified,  and  becomes  one  of  those  ferments  of  which  we  find 
so  many  in  organic  nature;  it  is  this  which  determines  the 
conversion  of  urea  into  carbonate  of  ammonia. 

These  ferments,  which  have  sq  powerfully  attracted  our 
attention,  and  which  preside  over  the  most  remarkable  me- 
tamorphoses of  organic  chemistry,  I  reserve  for  the  next  year, 
when  I  shall  give  you  a  still  more  particular  and  full  account 
of  them. 

Thus  we  discharge  urea  accompanied  by  this  ferment,  by 
this  artifice,  which  acting  at  a  given  moment,  turns  this  urea 
into  carbonate  of  ammonia. 

If  we  restore  to  the  general  phaenomenon  of  animal  com- 
bustion that  carbonic  acid  of  the  carbonate  of  ammonia  which 
of  right  belongs  to  it,  there  remains  ammonia  as  the  charac* 
teristic  product  of  urine. 

Thus,  by  the  lungs  and  the  skin,  carbonic  acid,  water,  azote ; 

By  the  urine,  ammonia. 

Such  are  the  constant  and  necessary  products  which  exhale 
from  the  animal. 

These  are  precisely  those  which  vegetation  demands  and 
makes  use  of,  just  as  the  vegetable  in  its  turn  gives  back  to 
the  air  the  oxygen  which  the  animal  has  consumed. 

Whence  come  this  carbon,  this  hydrogen  burnt  by  the 
animal,  this  azote  which  it  has  exhaled  in  a  free  state  or  con- 
verted into  ammonia?  They  evidently  come  from  the  ali- 
ments. 

By  studying  digestion  in  this  point  of  view,  we  have  been 
led  to  consider  it  in  a  manner  much  more  simple  than  is 
customary,  and  which  may  be  summed  up  in  a  few  words. 

In  fact,  as  soon  as  it  was  proved  to  us  that  the  animal  cre- 
ates no  organic  matter;  that  it  merely  assimilates  or  expends 
it  by  burning  it  {en  la  brUiant)^  there  was  no  occasion  to  seek 
in  digestion  all  those  mysteries  which  we  were  quite  sure  of 
not  finding  there. 

Thus  digestion  is  indeed  but  a  simple  function  of  absorp- 
tion. The  soluble  matters  pass  into  the  blood,  for  the  most 
part   unchanged;    the  insoluble  matters   reach    the  chyle^ 
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suffidendy  divided  to  be  taken  up  by  die  orifices  of  die  cbyli- 
ferous  Tettels. 

Beiide%  the  evident  otgect  of  digestioo  is  to  restore  to  the 
blood  a  matter  proper  for  snpplying  our  resfMratioo  with  the 
ten  or  fifteen  gruns  of  coal,  or  the  eqoivalent  of  hydrogen 
which  each  of  us  bums  erery  hour,  and  to  restore  to  it  the 
min  of  azote  which  is  also  hourly  exhaled,  as  well  by  the 
hiiiffs  or  the  skin  as  by  the  urine. 

Tnus  the  amylaceous  matters  are  changed  into  gum  and 
sugar;  the  saccharine  matters  are  absorbed. 

The  fatty  matters  are  divided,  and  oonvorted  into  an  eoul* 
sion^  and  thus  pass  into  the  vessels,  in  order  to  form  fiepots 
which  the  blood  takes  bacH  and  bums  as  it  needs. 

The  neutral  azotated  substances,  fibrin,  albumen  and  ca^ 
seum,  which  are  at  first  dissolved,  and  then  precipitated,  pass 
into  the  chyle  greatly  divided  or  dissolved  anew. 

The  animal  thus  receives  and  assimilates  almost  unaltered  the 
azotated  neutral  substances  which  it  finds  ready  formed  in  the 
animals  or  plants  upon  which  it  feeds;  it  recdves  fatty  matters 
which  come  from  the  same  sources ;  it  receives  amylaceous 
or  saccharine  matters  which  are  in  the  same  predicament. 

These  three  great  orders  of  matters,  whose  origin  always 
ascends  to  the  plant,  become  divided  into  products  capable 
of  being  assimilated,  fibrin,  albumen,  caseum,  fatty  bodie8» 
which  serve  to  renew  or  recruit  the  oigans  with  the  com- 
bustible products,  sugar  and  fatty  bodies  which  respiration 
consumes. 

The  animal  therefore  assimilates  or  destroys  organic  mat- 
ters ready  formed;  it  does  not  create  them. 

Digestioo  introduces  into  the  blood  mrganic  matters  ready 
formed;  assimilation  employs  those  which  are  azotated; 
respiration  burns  the  others. 

If  animals  do  not  possess  any  peculiar  power  for  producing 
organic  matters,  have  they  at  least  that  special  and  singular 
power  which  has  been  attributed  to  them  of  producing-heat 
without  expenditure  of  matter  ? 

You  have  seen,  while  discussing  the  experiments  of  MM. 
Dulong  and  Despretz,  you  have  positively  seen  the  contrary 
result  from  them.  These  skilful  physicists  supposed  that  an 
animal  placed  in  a  cold  water  calorimeter  comes  out  of  it  with 
the  same  temperature  that  it  had  on  entering  it ;  a  thing  abso- 
lutely impossible,  as  is  now  well  known.  It  is  this  coming  of 
the  animal,  of  which  they  took  no  account,  that  expresses  in 
their  tableaux  the  excess  of  heat  attributed  by  them  and  by  all 
phvsiologists  to  a  calorific  power  peculiar  to  the  animal  and 
mdepoi&nt  of  respiration. 
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It  is  evident  to  me  that  all  animal  heat  arises  from  respim* 
tion;  that  it  is  measured  by  the  carbon  and  hydrogen  burnt. 
In  a  word,  it  is  evident  to  me  that  the  poetical  comparison  of 
a  railroad  locomotive  to  an  animal  is  founded  on  a  more  se- 
.rious  basis  than  has  perhaps  been  supposed.  In  each  there 
are  combustion,  heat,  motion,  three  ph»nomena  connected 
and  proportional. 

You  see,  that  thus  considering  it,  the  animal  machine  be- 
comes much  easier  to  understand;  it  is  the  intermediary  be- 
tween the  vegetable  kingdom  and  the  af r ;  it  borrows  all  its 
aliments  firom  the  one,  in  order  to  give  all  its  excretions  to 
the  other. 

Shall  I  remind  you  how  we  viewed  respiration,  a  phasno- 
menon  more  complex  than  Laplace  and  Lavoisier  had  tnought, 
or  even  Lagrange  had  supposed,  but  which  precisely,  as  it 
becomes  complicated,  tends  more  and  more  to  enter  into  the 
general  laws  of  inanimate  nature? 

You  have  seen  that  the  venous  blood  dissolves  oxvgen  and 
disengages  carbonic  acid ;  that  it  becomes  arterial  without 
producing  a  trace  of  heat.  It  is  not  then  in  becoming  arterial 
that  the  blood  produces  heat. 

But  under  the  influence  of  the  oxvgen  absorbed,  the  soluble 
matters  of  the  blood  change  into  lactic  acid,  as  MM.  Mit- 
seherlich,  Boutron-Charlard  and  Fremy  observed ;  the  lactic 
acid  is  itself  converted  into  lactate  of  soda  ;  this  latter  by  a  real 
combustion  into  carbonate  of  soda,  which  a  fresh  portion  of 
lactic  acid  decomposes  in  its  turn.  This  slow  and  continued 
succession  of  pheenomena  which  constitutes  a  real  combustion, 
but  decomposed  at  several  times,  in  which  we  see  one  of  the 
slow  combustions  to  which  M.  Chevreul  drew  attention  long 
ago,  this  is  die  true  phaenomenon  of  respiration.  The  blood 
then  becomes  oxygenized  in  the  lungs ;  it  really  breathes  in 
the  capillaries  or  all  the  other  organs,  there  where  the  com- 
bustion of  carbcm  and  the  production  of  heat  principally 
take  place. 

A  last  reflection.  To  ascend  to  the  summit  of  Mont- Blanc, 
a  man  takes  two  days  of  twelve  hours.  During  this  time,  he 
bums  at  an  average  300  grammes  of  carbon,  or  the  eauivalent 
of  hydrogen.  If  a  steam-engine  had  been  -employed  to  take 
bim  there,  it  would  have  burnt  from  1000  to  1200  to  accom- 
plish the  same  work. 

Thus,  viewed  as  a  machine,  borrowing  all  its  power  from 
the  coal  that  it  burns,  man  is  an  engine  three  or  four  times 
more  perfect  than  the  most  perfect  steam-engine.  Our  en- 
gineers have  therefore  still  much  to  do,  and  yet  these  num- 
bers are  quite  sueh  as  to  prove  that  there  is  a  community  of 
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principles  between  the  living  engine  and  the  other ;  for  if  we 
allow  for  all  the  inevitable  losses  in  steam-engines  which  are 
so  carefully  avoided  in  the  human  machine,  the  identity  of 
the  principle  of  their  respective  powers  appears  manifest  and 
clear. 

But  we  have  followed  far  enough  considerations  as  to  which 
your  own  reflections  are  already  in  advance  of  me,  and  where 
your  recollections  leave  me  nothing  more  to  do. 

To  sum  up,  then,  we  see  that  of  the  primitive  atmosphere 
of  the  earth  three  great  parts  have  been  formed : 

One  which  constitutes  the  actual  atmospheric  air;  the  se- 
cond, which  is  represented  by  vegetables,  the  third  by  animals. 

JSetween  these  three  masses,  continual  exchanges  take  place: 
matter  descends  from  the  air  into  plants,  enters  by  this  route 
into  animals,  and  returns  to  the  air  according  as  these  make 
use  of it 

Qreen  vegetables  constitute  the  great  laboratory  of  organic 
chemistry.  It  is  they  which,  with  carbon,  hydrogen,  azote, 
water  and  oxide  of  ammonium,  slowly  build  up  aU  the  most 
complex  organic  matters. 

Tnev  receive  from  the  solar  rays,  under  the  form  of  heat 
or  of  chemical  rays,  the  powers  necessary  for  this  work. 

Animals  assimilate  or  absorb  the  organic  matters  formed 
by  plants.  They  change  them  by  little  and  little,  they  de- 
stroy them.  In  their  organs,  new  organic  substances  may 
come  into  existence,  but  they  are  always  substances  more  sim- 

Ele,  more  akin  to  the  elementary  state  than  those  which  they 
ave  received.  By  degrees  these  decompose  the  oraanic 
matters  slowly  created  by  plants;  tliey  bring  them  oack 
little  by  little  towards  the  state  of  carbonic  acid,  water,  azote 
and  ammonia,  a  state  which  allows  them  to  be  returned  to 
the  air. 

In  burning  or  destroying  these  organic  matters,  animals 
always  produce  heat,  which  radiating  from  their  bodies  in 
space,  goes  to  supply  the  place  of  that  which  vegetables  had 
absorb^. 

Thus  all  that  air  gives  to  plants,  plants  give  up  to  animals, 
and  animals  restore  it  to  the  air,  nn  eternal  circle  in  which 
life  keeps  in  motion  and  manifests  itself,  but  in  which  matter 
merely  changes  place. 

The  brute  matter  of  air,  organized  by  slow  degrees  in 
plants,  comes,  then,  to  perform  its  part  witliout  change  in  ani- 
mals, and  serves  as  an  instrument  for  thought ;  then  van- 
quished by  this  efibrt  and  broken,  as  it  were,  it  returns  brute 
matter  to  the  great  reservoir  whence  it  came. 

Allow  me  to  add,  in  finishing  this  picture  which  sums  up 
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opinions  which  to  my  mind  are  but  the  necessary  conse- 
quences and  developments  of  the  great  path  which  Lavoisier 
marked  out  for  modern  chemistry  ;  allow  me,  I  say,  to  ex* 
press  myself  as  he  did  with  regard  to  his  fellow-labourers  and 
his  friends. 

If  in  mv  lessons,  if  in  this  summing  up,  I  have  chanced  to 
adopt  without  mentioning  them  the  experiments  or  the  opi- 
nions of  M.  Boussingault,  it  is  that  the  habit  of  communica- 
ting to  each  other  our  ideas,  our  observations,  our  manner  of 
viewing  things,  has  established  between  us  a  community  of 
opinions,  in  which  we  ourselves  even  afterwards  find  it  difficult 
to  distinguish  what  belongs  to  each  of  us. 

In  resting  these  opinions  and  their  consequences  on  his 
name  and  on  his  authority,  in  telling  you  that  we  work  ac« 
tively,  sometimes  together,  and  sometimes  apart,  in  order  to 
verify  and  to  develop  all  these  facts,  all  these  results  by  ex- 
periment, I  do  but  evince  my  anxious  desire  to  justify  the  in« 
terest  which  you  have  this  year  taken  in  my  labours. 

For  this  I  beg  to  thank  you.  It  has  given  me  couraee  to 
undertake  a  long  course  of  researches;  if  anything  useful  to 
the  progress  of  humanity  should  result  from  them,  let  all  the 
honour  of  it  redound  to  the  intelligent  ^ood  will  with  which 
you  have  constantly  surrounded  me,  and  tor  which  I  shall  ever 
be  profoundfy  grateful. 


LXX.    On  the  question^   Whether  there  are  any  evidences  of 
the  former  existence  of  Glaciers  in  North  Wales  ?    By  J.  E. 
Bowman,  T.L.S.  <$•  F.G.S.  * 

THE  recent  discovery  of  traces  of  ancient  glaciers  in  Scot- 
land and  the  north  of  England,  rendered  it  probable  that 
similar  appearances  would  be  found  in  North  Wales,  where, 
though  situated  in  a  somewhat  lower  latitude,  the  slight  in- 
crease of  temperature  is  fully  counteracted  by  the  greater  al- 
titude of  the  central  mountain  group.  The  geographical  situa- 
tion of  all  these  parts  of  our  island  with  respect  to  the  sea,  and 
the  geological  periods  of  their  elevation  may  be  considered  to 
be  so  nearly  the  same,  that  if  glaciers  can  be  satisfactorily 
proved  to  have  once  existed  in  one,  there  seems  no  reason  to 
doubt  their  occurrence  in  the  rest,  even  admitting  them  to 
have  had  a  much  more  local  origin  and  limited  range  than 
Prof.  Agassiz  has  supposed.  If  we  compare  the  mountains 
of  Britain  with  those  of  Switzerland,  where  the  most  un- 
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doubted  evidence  of  the  former  greater  extent  of  glaciers  may 
be  gradually  traced  from  the  warm  valleys  of  the  Alps  up  to 
the  actual  feet  of  existing  glaciers,  the  greater  altitudes  of  the 
mountains  and  increased  distance  from  the  modifying  influ- 
ence of  the  sea,  will  be  found  more  than  adequate  to  coihpen* 
sate  for  their  being  situated  ten  degrees  nearer  to  the  equator. 
In  this  view  it  is  therefore  possible,  assuming  the  theory  of 
Prof.  Agassiz  of  a  sreneral  reauction  of  temperature  in  ancient 
times  over  the  whole  northern  hemisphere,  that  Switzerland 
might  be  covered  with  ice  and  snow,  while  Britain  might  be 
comparatively  free  from  them.     But  this  reasoning,  though 
plausible  on  a  cursory  glance,  falls  to  tlie  ground,  if  we  ao* 
cept  the  theory  of  this  distinguished  philosopher,  that  the  gla- 
cial period  occurred  antecedent  to  tne  elevation  of  the  Alps; 
There  is  abundance  of  direct  geological  evidence  to  prove 
that  they  have  been  raised,  at  least  much  higher  than  before^ 
since  the  deposition  and  consolidation  of  the  tertiary  strata ; 
and  as  it  is  scarcely  less  certain  that  the  primary  mountains 
of  Britain  were  raised  at  a  much  easrlier  period,  it  seems  to 
follow  from  their  altitude  and  higher  latitude,  that  the  sur- 
rounding region  must  have  been  the  seat  of  more  intense  cold 
than  Switzerland,  then  without  high  mountains  and  situated  in 
a  much  warmer  climate. 

Havjnff  spent  a  portion  of  the  late  summer  in  endeavouring 
to  trace  tne  geological  sequence  of  the  schistose  rocks  of  North 
Wales,  I  have  been  naturally  led  into  some  high  and  unfre- 
quented tracts  where  it  seemed  probable,  if  anywhere,  that 
evidence  of  glaciers  would  be  found.  I  have  examined  many 
of  the  main  and  lateral  valleys  on  the  east  and  south  flanks  of 
the  Snowdon  group,  of  the  Arenigs,  and  of  the  north  end  of 
Berwyn  chain,  as  well  as  of  the  moorland  hills  of  D^ibigfa- 
shire,  between  Cerrig  y  Druidion  and  Llanrwst ;  also  those 
which  intersect  the  wud  and  barren  hills  that  occupy  the  coun- 
try between  the  great  Holyhead  road  and  Bala,  and  form  the 
dividing  ridge  between  Merionethshire  and  Denbighshire. 
These  valleys  descend  from  the  highest  mountains  of  North 
Wales,  and  are  the  troughs  dirough  which  the  numerous  tri- 
butaries of  the  Dee,  the  Clwyd,  and  the  Conway,  are  carried 
into  the  lower  parts  of  the  country.  Many  of  them,  from 
their  smooth  uniform  slopes  and  easy  inclinations^  seem  cal- 
culated to  give  rise  to^  and  to  retain  those  appearances  which 
glaciers  usually  create  and  leave  behind  them.  In  none  of 
iem,  however,  have  I  found  any  features  which  appeared  to 
me  to  have  been  produced  by  glaciers;  none  at  least  have  re- 
tained that  outward  form  or  shape  which  seemed  to  justify  me 
in  referring  them  to. such  an  origin. 
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There  are,  however,  various  appearances  scattered  here  and 
there  through  the  districts  I  have  named,  which,  if  they  have 
not  originated  in  glaciers,  bear  a  sufficient  resemblance  to  re- 
quire a  close  examination*  It  is  more  important  to  make  this 
examination  than  may  at  first  sight  appear,  in  order  to  guard 
those  who  have  not  witnessed  the  actual  effects  of  glacial  ac- 
tion from  attributing  every  accumulation  of  gravel  or  streaked 
rock  to  such  an  oriffin.  Though  satisfied  myself,  from  per* 
sonal  observation,  that  existing  glaciers  form  moraines  on  their 
sides  and  at  their  feet,  and  abrade  the  rocks  over  which  they 
move,  so  as  to  scratch  and  polish  their  surfaces,  it  has  con* 
stantly  been  my  practice  to  see,  in  the  first  place,  if  the  ana** 
logous  appearances  I  have  met  with  in  North  Wales  were  not 
cq}able,  on  taking  into  account  all  the  local  circumstances^  of 
satisfactory  explanation  by  some  obvious  existing  cause;  con* 
ceiving  it  to  be  improper  hastily  to  refer  to  the  operation  of  ice, 
effects  which  would  admit  of  an  equally  easy  explanatiw  from 
the  transporting  or  erosive  power  of  water. 

Of  true  lateral  moraines  ranging  along  the  slopes  of  the 
valleys  more  or  less  horizontally,  and  formed  either  of  stones 
or  gravel,  no  instance  has  &llen  under  mv  observation.  I 
passed  through  many  valleys,  where,  from  the  gradual  rise  of 
the  sides  and  the  laminar  or  schistose  structure  of  the  rock, 
the  detritus  from  above  had  lodged  and  accumulated  into  a 
talus,  or  formed  continuous  inclined  planes  of  great  uniform* 
ity^  which  were  often  covered  with  herbage.  This  was  stri» 
kingly  seen  in  the  valley  above  Penmachno,  but  I  could  not 
diso>ver  any  trace  of  lateral  moraines,  nor  of  terminal  ones, 
about  the  outlet  of  the  valley  into  the  great  trough  of  the  Con- 
way. In  the  neighbouring  valley  of  the  infant  Conway,  be- 
tween Yspytty  and  Pentre  Voelas,  where  the  river  first  runs 
parallel  with  the  great  Holyhead  road,  the  slopes  are  covered 
on  both  sides  by  a  succession  of  rounded  wavy  knolls  or  swell- 
ings, which  are  very  striking  in  such  a  barren  and  rugged  dis* 
trict,  from  their  smoothness  and  rich  verdure,  a  character  by 
which  they  may  be  recognised  at  a  considerable  distance. 
Near  the  lower  end  of  the  valley,  on  the  east  side,  several  of 
them  are  detached,  and  are  about  fifty  yards  diameter  and 
twenty  or  thirty  yards  high ;  but  they  usually  run  into  one 
another  and  are  of  no  regular  shape,  except  that  they  all  slope 
towards  the  stream,  so  tliat  they  look  like  great  undulating  and 
prqecting  breastworks  and  bastions  thrown  up  for  military 
defence.  Some  of  these  mounds  cover  an  area  of  100  acres, 
imd  are  two  or  three  hundred  feet  hi^,  looking  like  little 
bills»  but  without  any  regularity  or  uniumnity  in  the  group- 
ing,their  bases  running  into  one  another  and  sloping  towards 
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the  middle  of  the  valley  on  both  sides.  One  only  near*  the 
little  stream  of  the  Clettwr  and  above  the  road,  seemed,  when 
seen  from  a  distance,  to  have  a  pretty  level  top ;  but  I  observed 
none  with  steep  sides  or  escarpments,  as  though  they  had  been 
eroded  or  cut  down  by  a  current.  The  road  ^om  Pentre  Voe* 
las  to  Yspy tty  winds  among  them,  the  higher  ones  being  above 
it  to  the  S.E.,  the  rest  inclining  towards  the  valley  below. 
Similar  mounds  mask  the  rocky  slope  on  the  opposite  bank  of 
the  Conway  as  high  as  half  a  mile  above  Yspytty,  becoming 
gradually  lower  and  thinner  till  they  disappear  altogether.  In 
a  north-west  direction  thev  extend  from  Pentre  Voelas  to  the 
opening  of  the  valley  of  the  Machno,  and  may  often  be  seen 
on  both  sides  the  great  road  in  the  less  precipitous  parts  of  the 
fforge,  though  more  frequently  and  more  distinctly  on  the  left 
bank  of  the  river.  From  partial  openings  into  several  of  them* 
I  saw  they  were  formed  oi  local  drift  or  gravel  from  the  neigh* 
bouring  dark  schistose  rocks,  without  any  large  boulders.  In 
one  of  them,  near  the  great  road,  there  was  a  streaked  or 
bedded  character,  the  layers  being  formed  of  pebbles  of  dif- 
ferent sizes,  as  though  they  had  been  left  by  a  current  which 
had  varied  in  intensity*  It  appeared  to  me  that  these  hills 
were  not  composed  throughout  of  this  gravelly  drift,  but  that 
this  material  only  formed  a  coat  or  covering  upon  the  previ- 
ously existing  prominences  of  the  lower  Silurian  schist  of  the 
district,  sufficiently  thick  to  conceal  the  rocky  nucleus  and  to 

S*ve  it  a  smooth  rounded  outline.  Neither  could  I  attribute 
eir  shape  to  any  form  or  modification  of  lateral  moraine; 
and  I  was  of  opinion,  that  even  should  any  one  contend  that 
they  had  originated  in  a  glacier,  it  would  be  necessary  to  ad- 
mit they  must  have  been  subsequently  modified  by  water.  It 
is  not  easy  to  understand  how  so  large  a  mass  of  diluviam 
could  have  been  accumulated  in  this  particular  locality.  See- 
ing that  the  river  Conway,  soon  after  passing  through  it,  has 
to  make  its  way  along  a  narrow  gorge,  and  that  from  the  pre- 
cipitous form  of  the  rocks  on  each  side,  it  must  always  have 
flowed  in  the  s^e  channel,  I  was  at  first  inclined  to  suppose 
that  some  obstriliction  might  have  filled  this  gorge  and  pound- 
ed up  the  river  and  the  detritus  it  had  brougnt  down  from  the 
higher  lands.  But  on  examination  of  their  relative  levds,  it 
appeared  that  the  gravelly  hills  above  the  road  east  of  Yspytty 
were  higher  than  the  suriace  of  a  lake  so  dammed  up,  and 
consequently  they  could  not  have  originated  from  such  a  cause. 
It  is  singular  that  in  no  other  neighbouring  valley  of  similar 
character,  were  there  any  accumulations  of  the  same  material, 
and  further  observation  will  be  necessary  to  explain  dieir 
origin. 
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The  next  class  of  appearances  I  have  met  with  in  North 
Wales  resembling  those  produced  by  glacier  action,  are  the 
striae  or  scratches  on  the  surfaces  of  rocks.  Of  these  I  have 
found  several  decided  and  strongly  marked  instances ;  and  as 
ihey  are  due  to  various  causes,  and  can  in  some  cases  be  de- 
moostrated  not  to  have  been  connected  with  glaciers,  it  may 
be  useful  to  describe  them  somewhat  in  detail. 

The  first  I  met  with  occurs  in  the  Upper  Silurian  rocks  on 
the  right  bank  of  the  Dee,  in  the  immediate  neighbourhood  of 
Llangollen.  Here  the  true  stratification  is  easily  ascertained, 
since  it  is  not  afiected  by  any  cleavage,  though  the  rock  has  a 
system  of  joints  which  divide  the  beos  di^onally  to  the  planes 
of  the  surface  into  irregular  rhombs.  The  beds  are  nearly 
horizontal,  having  an  average  dip  to  the  S.S.E.  of  about  five 
or  six  degrees ;  and  they  rise  to  the  height  of  from  300  to  400 
feet,  without  any  apparent  dislocation  or  change  in  the  direc* 
tion  of  the  dip.  At  the  base  of  this  precipitous  hill,  and  in  a 
little  quarry,  the  outcrop  of  the  beds  is  seen  in  various  places; 
their  surfaces  are  generally  smooth  and  uniformly  plane,  oc- 
casionally slightly  undulated.  I  observed  the  level  surface  of 
one  of  them  to  be  streaked  or  traced  with  strong  and  perfectly 
parallel  grooves  or  furrows^  some  as  fine  as  though  they  were 
made  by  the  point  of  a  pin,  and  others  the  eighth  of  an  inch 
wide,  promiscuously  and  closely  ranged  alongside  others  of 
intermediate  dimensions.  The  whole  surface  was  occupied  by 
these  grooves  and  their  intermediate  ridges,  and  had  the  ap- 
pearance of  having  been  planed  with  a  tool  with  a  snipped  or 
indented  edge.  Some  of  the  broader  furrows  were  truncated 
and  terminated  abruptly,  and  one  or  more  narrower  ones 
seemed  to  be  connected  with  and  to  issue  from  them.  The 
range  or  bearuig  of  the  striee  was  N.N.  W.  and  S.S.E.,  and 
the  Dreadth  of  surface  exposed  was  from  twentv-five  to  thirty 
yards,  every  part  of  which  was  channeled  in  the  manner  de- 
scribed. It  was  at  once  evident,  from  the  general  appearance 
of  the  quarry,  that  this  bed  had  never  been  exposed  or  dis- 
turbed from  those  above  or  below  it,  since  it  was  closely  and 
conformably  overlaid  by  the  mass  above,  the  whole  having  a 
slight  inclination  to  the  S.S.E.  The  furrows  were  also  evi- 
dently continued  inwards  upon  the  yet  undisturbed  portions ; 
but  to  remove  all  doubt  upon  this  head,  I  employed  a  quarry- 
man  to  cut  awav  the  superincumbent  bed  more  than  a  foot 
inwards  from  the  face,  where  they  were  found  to  be  equally 
clear  and  strong.  The  specimens  I  obtained  were  from  this 
part,  and  had  never  before  been  exposed  since  the  original  de- 
position of  the  beds.  The  under  surface  of  the  superincum- 
bent bed  was  moreover  similarly  though  more  faintly  streaked ; 
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in  {tome  places  so  obscurely>  that  it  would  not  have  been  per- 
ceived to  be  so  on  casual  inspection ;  but  in  others^  verv  clearly. 
There  was  another  bed  lyintf  about  a  foot  lower  in  the  series, 
similarly  though  less  distinctly  striated ;  and  the  strise  had  ex- 
actly the  same  direction. 

It  was  therefore  abundantlv  clear  that  these  grooved  striss 
could  not  have  been  produced  by  glacial  action,  or  indeed  by 
any  cause  operating  after  the  original  deposition  or  consolida- 
tion of  the  beds;  uiasmuch  as  they  are  nearly  at  right  angles 
to  the  course  of  the  river,  and  therefore  to  the  direction  of  a 
glacier,  and  especially  as  they  are  found  under  beds  in  close 
contact,  that  have  never  suffered  any  partial  or  relative  di«« 
turbance  inter  se*.  Since,  however,  they  exist  on  two  sur- 
faces in  contact,  and  somewhat  resemble  those  polished  por^ 
tioos  of  rocks  well  known  by  the  name  of  Slickmsides,  wnich 
are  believed  to  be  the  efiect  of  friction  on  two  surfaces  nibbed 
against  each  other,  it  is  worth  while  to  examine  whether  they 
might  not  have  been  produced  by  a  similar  action.  As  already 
stated,  the  appearance  of  the  quarry  and  precipice  above  the 
road  shows  that  the  rock  has  been  tilted  aside  en  masses  and 
has  not  been  affected  by  any  partial  or  subsequent  dislocation ) 
and  the  nearly  horizontal  position  of  the  beds  renders  it  ex- 
tremely improbable,  if  not  impossible^  that  they  could  have 
been  so  rubbed  against  each  oUier  a8  to  nroduce  the  furrowa 
in  question.  The  appearance  called  Sliclcensides  is  found  on 
the  perpendicular  or  slanting  sides  of  fissures  and  veins,  and  is 
caused  by  the  unequal  and  repeated  motion  of  the  two  sorfacee 
against  each  other.  But  in  proportion  as  the  direction  of  these 
sides  varies  from  the  slanting  to  the  horizontal  position,  this  kind 
of  action  diminishes,  from  the  increosingdifiiculty  of  maintaining 
motion  on  the  horizontal  plane.  Great  lateral  pressure,  from 
the  gravity  of  an  upheaved  mass,  may  suddenly  and  for  once 
act  horizontally;  but  a  succession  of  alternaduff  throes  or  vmr 
roxysms  can  only  be  propagated  from  below;  mm  any  other 
point,  motion  would  soon  m  overcome  by  the  ow  inertia  of 
the  mass.  It  is  easy  to  understand  how  the  upper  portion  of 
a  stratified  rock  may  slide  off  its  base  when  but  genUy  ixH 
dined;  but  it  is  scarcely  credible  that  any  possible  circuoi* 
stances  could  cause  it,  in  such  a  position,  to  be  moved  back* 
wards  and  forwards  long  enough  to  produce  the  grooved  a|>- 
pearance  impressed  upon  the  Md  in  question. 

*  It  IS  scarcely  necessary  to  sa^  that  they  differ  essentially  from  the  fur- 
rows which  trarerse  the  mountains  of  Scandinavia,  as  described  by  Seff^ 
strtai  (see  the  last  Pfeut  of  TavloKs  Scientific  Memohv );  and  horn  the  for* 
rowed  and  polished  rocks  or  Footttnbieaiiy  as  notioed  l>y  Dttrocher  in  the 
PhiL  Mag,  for  Nov.  1841. 


Digitized 


by  Google 


awf  Evidences  of  former  Glaciers  in  North  Wales  ?    475 

Again,  an  examination  of  the  strias  in  hand  specimens  will 
show  that  some  of  the  more  delicate  lines  diverge  from  the 
general  parallelism,  and  unite  with  the  contiguous  ones  with- 
out sufibring  interruption  from  the  intervening  furrows.  In 
some  parts  of  the  surface  there  are  groups  of  Htint  transverse 
elevation!)  and  depressions  which  run  across  many  contiguous 
strisB  with  a  gentle  curve;  and  in  others  the  grooving  is  not 
confined  to  a  single  plane,  but  seems  to  penetrate  beneath  the 
surface,  and  to  pervade  several  laminae  inwards.  None  of 
these  appearances  could  have  been  produced  by  a  hard  body 
sKding  along  its  surface  in  right  lines,  as  in  slickensides ;  and 
I  regret  my  inability  to  ofier  any  satisfactory  explanation. 
The  only  conjecture  I  can  make  is,  whether,  as  these  stri« 
lie  in  the  direction  of  the  magnetic  meridian,  they  may  not 
have  been  produced  by  some  electric  or  magnetic  power 
acting  upon  the  chemical  ingredients  of  the  bed  or  upon  its 
suriace,  and  causing  them  to  assume  a  polaric  direction  while 
yet  in  a  soft  or  semi-indurated  state.  They  belong  to  a  class 
of  phienomena  hitherto  little  noticed  and  still  less  understood, 
but  which  are  nevertheless  of  great  interest  and  worthy  of 
especial  attention,  firom  the  important  bearing  they  have  on 
questions  of  physical  geology,  about  which  we  are  at  present 
almost  totally  in  the  dark,  but  which  may  one  day  throw  light 
on  the  origmal  structure  of  our  globe. 

I  come  now  to  describe  a  still  more  curious  case  of  striated 
surface,  found  on  a  system  of  rocks  lying  geologically  far  be-* 
low  that  just  mentioned,  and  which,  though  unfossiliferous, 
will  range  with  the  Lower  Silurian  formation.  It  occurs  in 
the  bed  of  a  little  mountain  stream  named  Clettwr,  that  faMs 
into  the  Conway  a  mile  or  two  below  Yspytty,  having  cut  its 
way  through  the  great  mounds  (rf*  gravel  already  described  in 
that  vicinity  and  exposed  the  solicTrock  beneath.  The  rock 
b  a  venr  hard  blue  schist,  in  thick  compact  beds,  with  a  dip  of 
15®  N.N.E.  and  an  obscure  cleavage  dippinff  48^  N.E.,  which 
has  but  partially  obliterated  the  bedding.  Irie  true  stratifies* 
tion  is  indicated  by  many  thin  streaked Tammae  which  appear  as 
lines  in  the  section,  and  are  quite  parallel  with  the  undulated 
sur&ce  of  the  bed  about  to  be  described.  This  surface  is  some- 
what glossy  and  very  strongly  marked  with  a  system  of  wavy 
lines  Uiat  preserve  a  general  parallelism,  but  run  into  one  an- 
other, and  do  not  long  preserve  their  individual  and  separate 
character.  The  sur&ce  may  be  more  correctly  said  to  be  cor- 
rugated and  undulated  than  grooved,  for  the  striated  lines  do 
not  possess  the  perfect  paralldism  and  continuity  of  those  near 
Llangrilen,  though  tbey  maintain  an  uniformity  of  character, 
are  persistent  over  every  part  of  the  surftce  that  was  exposed^ 
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and  were  also  found  at  intervals  of  a  few  yards^  wherever  J  re- 
moved the  overlying  strata.  Their  direction  is  E.S.E.  and 
W,N.  W.,  or  45°  W.  of  the  magnetic  meridian,  and  at  right 
angles  with  the  direction  of  the  valley.  But  the  most  singu- 
lar feature  of  this  bed  is  a  second  system  of  closer,  finer,  and 
more  regular  lines  which  cross  the  larger  undulations  at  ao 
angle  of  about  70%  traversing  their  intermediate  hollows  as 
well  as  their  crests  and  sides,  tnus  covering  the  whole  surfiicei 
and  giving  it  a  reticulated  appearance  very  difficult  to  de* 
scribe.  Inow  and  then,  at  irregular  intervals,  there  is  an  oc« 
casional  thicker  line ;  or  perhaps  it  would  be  more  correct  to 
say  that  the  interval  between  the  fine  lines  is  greater  in  these 
places  than  usual.     This  double  system  of  lines  seems  to  ori- 

S'nate  in  a  thin  plate  of  somewhat  different  material,  about 
e  eighth  of  an  inch  thick,  and  interstratified  with  the  schist ; 
for  the  lines  cover  both  its  upper  and  under  surface,  and  the 
still  thinner  laminae  of  which  this  plate  is  composed,  are  seen 
by  their  darker  and  lighter  shades,  to  be  undulated  also 
throughout  its  whole  thickness.     This  plate  easily  separates 
from  the  contiguous  thicker  beds,  and  when  removed,  is 
found  to  have  left  a  sharp  and  perfect  impression  of  both  sets 
of  lines  on  each  of  the  surfaces  with  which  it  was  in  contact* 
Not  only  so,  but  the  wavy  lines  have  affected  and  penetrated 
the  thicker  beds,  rendering  them  more  glossy,  and  giving  to 
the  split  of  the  cleavage  a  corresponding  undulation  which 
gradually  dies  away  at  the  depth  of  one-third  or  half  an  inch 
beneath  the  surface.    This  is  the  more  singular,  as  the  clea- 
vage planes  cut  the  surface  at  an  angle  of  15^  with  the  cor- 
rugated lines,  and  throw  the  undulations  out  of  their  regular 
course.     There  is  another  somewhat  similar  marking  on  the 
surface  of  a  second  bed  in  the  same  brook,  about  a  foot  higher 
in  the  series,  and  in  the  same  direction  or  line  of  strike.   Here 
the  lines  are  broader  and  have  been  deeper;  but  being  in  the 
direct  course  of  the  stream,  they  are  much  obliterated  by  the 
water  passing  over  them,  and  I  aid  not  bring  away  a  specimen. 
The  reasoning  already  employed  to  show  that  the  striae  on 
the  Upper  Silurian  bed  near  Llangollen  could  not  have  been 
formed  by  a  glacier,  nor  by  slickensides  action,  is  in  a  great 
measure  applicable  to  Xhose  now  under  consideration ;  it  ap- 
plies to  them,  if  possible,  with  greater  force,  since  the  double 
series  of  intersecting  lines  offers  the  most  decisive  evidence 
that  they  could  notliave  been  produced  by  either.   In  specu- 
lating as  to  their  real  origin,  I  will  only  add  to  the  suggestion 
before  thrown  out,  that  when  this  class  of  phaenomena  shall  be 
better  understood,  the  specimen  in  the  bed  of  the  Clettwr  may 
possibly  throw  some  light  on  the  obscure  subject  of  cleavage. 
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A  slight  notice  of  a  different  kind  of  strise  on  the  Welsh 
rocks,  arising  from  another  cause  and  capable  of  easy  expla- 
nation, will  be  sufficient.  At  the  north  end  of  Trefriw^  in  the 
vale  of  Llanrwst,  by  the  side  of  the  road  to  Conway,  large  sur« 
faces  of  the  true  beds  of  Lower  Silurian  rocks  are  laid  bare,  in 
several  different  places ;  they  have  an  average  dip  of  about 
18°  to  the  E.S.E.,  and  form  smooth  and  regular  inclined 
planes.  This  arises  from  wayboards  of  softer  shale,  or  from 
slight  adhesion  of  the  beds.  On  one  of  these  inclined  planes 
to  the  north  of  the  little  quay,  are  many  nearly  parallel  lines 
or  striae,  running  in  the  direction  of  the  valley,  which  are  very 
liable  to  be  mistaken  for  those  produced  by  glaciers  crating 
upon  their  bed.  But  on  close  examination  I  found  them  to 
be  only  the  ends  or  sections  of  one  of  the  series  of  joints  which 
pervaded  the  bed  and  divided  it  nearly  at  right  angles  to  its 
surface.  The  very  general  occurrence  of  joints  symmetrically 
arranged  in  the  Silurian  rocks,  makes  it  necessary  to  guard 
against  deception  arising  from  this  cause.  I  will  only  add, 
under  this  head,  a  short  notice  of  one  or  two  patches  of  rocks 
by  the  side  of  the  Holyhead  road,  where  it  overlooks  the  great 
chasm  opening  into  Glyn  Lledr,  a  mile  east  of  the  Waterloo 
Bridge,  which  have  the  appearance  of  being  somewhat  striated 
and  polished.  But  the  surfaces  are  also  irregularly  undulated, 
and  the  dip  is  to  the  south,  or  diagonal  to  the  direction  of  the 
trough  of  the  Conway;  and  there  is  a  very  steep  hill  imme- 
diately above  them,  down  which,  if  these  striae  were  produced 
by  glaciers,  the  icy  mass  must  have  descended,  a  supposition 
which  inspection  shows  to  be  impossible.  Besides,  the  slopes 
of  the  great  opening  from  Glyn  Lledr  are  very  favourable  for 
the  formation  and  preservation  of  lateral  moraines,  of  which 
I  could  observe  no  traces.  And  it  may  be  remarked  gene- 
rally, that  as  both  lateral  and  terminal  moraines  are  more 
frequently  formed  on  the  outskirts  of  glaciers  than  striae  on 
the  rocks  beneath,  and  are  from  their  situation  and  the  nature 
of  the  material,  more  likely  to  be  preserved  as  monuments  to 
after  ages,  their  occurrence  in  North  Wales,  either  accom- 
panied by  striated  rocks,  or  alone  in  other  parts  of  the  coun- 
try, would  have  added  to  the  probability  of  their  common  ori- 
S'n ;  while  their  entire  absence  from  localities  so  favourable 
r  their  production,  makes  it  necessary  to  exercise  the  greater 
caution,  in  referring  to  glacial  action  the  other  phaenomena 
described  in  this  paper. 

I  met  with  but  one  example  of  rock  with  a  rounded  or 
domed  surface,to  which  Saussure  has  given  the  name  of  ^^  roches 
motdonnies^'*  and  this  was  in  a  locality  where  it  seemed  so 
much  more  natural  to  refer  it  to  a  cause  still  in  operationi 
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that  it  was  not  necessary  to  call  in  the  aid  of  glaciers.  The 
spot  is  well  known  to  tourists  as  one  of  the  wildest  and  moat 
alpine  in  North  Wales,  where  the  torrents  from  Lljm  Ogwen 
and  Llyn  Idwal,  on  issuing  from  their  respective  lakes,  are 
precipitated  over  the  rocky  barrier  that  forms  the  head  of 
Kant  Francon.  Standing  on  the  bridge  between  these  two 
torrents,  the  rocks  on  both  sides,  that  form,  as  it  were^  the 
crest  of  this  barrier,  and  obstruct  Uie  free  passage  of  the  water^ 
seem  to  have  a  smooth  or  rounded  form  that  is  evidently  not 
natural.  That  in  the  stream  of  the  Ogwen  is  the  largest  and 
the  most  regularly  domed ;  and  the  side  next  the  bridge 
having  been  recently  cut  away  in  the  direction  of  the  cleavage, 
their  planes  form  a  perpendicular  face,  on  which  the  true  lines 
of  stratification  may  be  traced  with  sufficient  distinctness. 
The  dip  is  towards  the  S.E.  at  an  angle  of  about  40%  thus 
proving  the  rounded  top  to  have  no  connexion  with  either  of 
the  divisional  planes  just  named,  or  with  the  intersecting 
joints,  which,  as  usual,  have  flat  surfaces.  Though  roundect, 
the  surface  is  not  polished,  but  has  a  dull  and  weathered  ap- 
pearance, the  e£Pect  of  abrasion  rather  than  of  friction,  on  the 
hard  hornstoiie  porphynr,  of  which  the  rock  is  composed.* 
These  rounded  bosses  of^rock  are  at  present  some  feet  higher 
than  the  level  of  the  respective  torrents  that  wash  their  bases; 
but  it  is  not  difficult  to  believe  that  a  period  has  existed  when 
they  were  covered  by  the  torrent,  and  that  in  the  lapse  of 
a^es,  the  stones  and  ice  it  has  carried  along  with  it,  having 
given  them  this  rounded  form,  have  continually  deepened  the 
channel,  till  the  domed  surfaces  have  been  left  projecting  in 
their  present  situation. 

Such  are  the  principal  appearances  I  have  observed  in 
North  Wales,  which  approximate  to  the  e£Pects  produced  by 
existing  glaciers  upon  the  rocks  and  debris  by  which  they  are 
surrounded.  The  phaenomena  of  moraines  interested  me 
much  in  Switzerland ;  and  the  recollections  of  their  singular 
features  would,  I  think,  have  enabled  me  to  detect  any  traces 
of  similar  remains  in  the  mountainous  district  under  consi- 
deration. I  would  not,  however,  be  understood  as  meaning 
to  deny  their  existence  in  it  altogether;  for  there  are  still  so 
many  obscure  valleys  that  I  have  not  visited,  at  least  since  the 
discovery  of  the  remains  of  glaciers  in  Britain,  that  it  would 
be  presumptuous  to  speak  dogmatically  upon  so  obscure  a 
subject.   My  object  has  been  to  confine  myself  to  what  I  have 

•  Several  varieties  of  hornstone  porphyry  are  seen  near  this  spot ;  and 
on  the  ascent  toCwm  Idwal  a  thick  perpendicular  vein  of  hornstone  schist 
is  exposed,  and  is  thrown  hy  a  dislocation  on  the  opposite  side  of  the  road 
west  of  the  bridge.   It  is  eitracted  for  wbekstenes. 
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seen  during  the  late  Bummery  to  describe  appearances  with 
accuracy}  and  refer  them  to  their  real  causes,  independently 
of  any  theory.  Believinff  that  glaciers  once  existed  in  Scot- 
land and  in  the  north  of  England,  I  thought  it  probable  traces 
of  them  might  be  found  in  Wales  also ;  and  I  have  shown 
that  not  a  few  appearances  there  roayi  on  a  hasty  survey,  be 
referred  to  such  an  origin.  But  believing,  after  deliberate 
examinationi  that  these  have  either  been  produced  by  other 
adequate  causes,  or  could  not  have  been  due  to  glacier  action, 
I  have  felt  myself  bound  honestly  to  state  the  conclusions  I 
have  arrived  at,  being  satisfied  from  some  experience,  that  to 
allow  the  observation  or  the  judgement  to  be  warped  by  pre- 
conceived theory,  however  plausible,  or  to  decide  on  partial 
insufficient  evidence)  must  be  ultimately  injurious  to  the  cause 
of  truth. 
Manchester,  Oct.  18, 1841. 

LXXI.  Calculation  of  Logarithms  by  means  of  Algebraic 
Fractions*    By  the  Rev.  R.  Murpht,  M.AJ* 

^T^HE  logarithms  here  used  are  Napierian,  which  may  be 
**•  readily  converted  into  logarithms  of  any  other  system, 
simply  multiplying  them  by  the  modulus. 

Take  the  coefficients  of  a  binomial  raised  to  any  positive 
and  integer  power  fi,  and  the  same  number  of  the  coefficients 
of  a  binomial  raised  to  the  next  superior  negative  power, 
— (^  + 1);  multiply  both  sets,  term  by  term,  multiply  tbepro« 
ducts  by  the  successive  powers  of  a  number  as  l,  /,  /^,  •••  /**, 
and  connecting  all  the  terms  thus  formed  by  the  sign  -f ,  this 
sum  is, the  denominator  of  the  fraction. 

2 

Multiply  the  last  term  but  one  of  this  denominator  by  — ^ 

the  last  but  two  by  —  + r,  the  last  but  three  by  — 

^    n       ••  — 1  ^    n 

S  2 

+ r+  — 7a  And  so  on;  connect  the  products  with  the 

sign  +9  the  sum  thus  obtained  is  the  numerator  of  the  frac« 
tioD. 

The  fraction  thus  formed  is  to  be  added  to  log  /  in  order 
to  obtain  log  (/+!)• 

The  sum  b  always  deficient 

Call  the  above  denominator  P„  and  put  T  =  4  /  (^  + 1),  the 

•  Communicated  by  the  Author. 
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deficiency  is  greater  than  j-^-^-^^-^^.  p^  .-^^^^^^ 


11        ^t  1«2«3  •••  91 

and  less  than 


1.3.5...(2»  +  1)*P.  '  rji±i^ 

The  number  n  is  arbitrary,  but  had  better  be  taken  large 
when  the  number  t  is  small. 
If  we  take  n  =  10  when  /  ss  1,  we  find  by  this  rule  log  2 

=    ^^^>,.^I  f  which  converted  to  a  decimal  is  necessarily  ac- 
8097453  ^ 

curate  to  the  15th  place  inclusive^  which  is  known  by  the 
above  limits. 

By  the  application  of  this  and  similar  methods,  a  mere 
arithmetician  will  be  able  to  calculate  logarithms,  accurate  to 
any  extent,  and  to  their  last  decimal  figure. 

Robert  Morpht. 

P.S.  In  my  paper  contained  in  the  last  Number,  p.  S69, 
for  <^  a  is  a  primitive  radix,''  read  a  is  the  next  superior  pri- 
mitive radix.  The  following  numbers  are  verifiea  instances 
of  the  general  formula  in  that  paper,  viz.  (3  n^  +  2)5,  29,  149; 
(5n«  +  3)23,83;(15»«  +  13),73;(20»«-hl7)37;(2lM«  +  19), 
103,  and  several  others,  and  I  have  not  met  with  an  excep* 
Uonal  case. 


LXXII.  On  the  Action  of  Metallic  Copper  on  Solutions  qfcer^ 

tain  Metals^  partiadarly  with  reference  to  the  detection  of 

Arsenic.  By  H.  Reinsch*. 
1^  REINSCH  was  induced  to  enter  into  the  examination 
^^  *  of  the  action  of  copper  on  certain  metallic  solutions,  and 
its  application  as  a  test  for  arsenic,  from  the  circumstance  of 
having  obtained  a  precipitate  of  metallic  arsenic  upon  a  piece 
of  copper  immersed  in  commercial  hydrochloric  acid. 

This  action  of  metallic  copper  he  considered  the  more  im- 
portant, as  by  that  means  he  hoped  to  be  able  to  devise  a 
simpler  method  of  detecting  arsenic,  and  also  of  separating  it 
from  solutions,  which  might  be  less  liable  to  objection  than 
that  by  Marsh's  apparatus,  the  uncertaintv  of  which  has  been 
lately  pointed  out  by  the  experiments  of  MM.  Danger  and 
Flandin. 

The  process  is  founded  upon  the  same  principle  as  that 

*  The  above  is  an  abstract  from  a  paper  in  Erdmann's  Journal  fur  Prat" 
tiichc  Chende,  No*  19, 1841. 
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adopted  by  M.  Fachs  for  the  analysis  of  crude  iron  and  iron 
ores* . 

A  slip  of  copper  immersed  into  hydrochloric  acid,  sp.  gr. 
1*172,  containing  arsenic,  was  not  acted  upon,  in  a  closed 
vessel,  after  remaining  twelve  hours  at  the  ordinary  tempera- 
lure;  if  the  acid  was  diluted  with  an  equd  quantity  of  water, 
action  took  place  after  a  few  hours,  the  arsenic  being  preci- 
pitated upon  the  copper;  if  the  solution  was  exposed  to  the 
air  the  action  occurred  in  a  still  shorter  time,  but  if  heated 
it  took  place  nearly  immediately,  whether  the  acid  was  con- 
centrated or  dilutea.  The  copper  was  covered  at  first  with 
a  grayish  brilliant  metallic  coating,  which  upon  increase  of 
temperature,  and  according  to  the  quantity  of  arsenic  present 
in  the  solution,  turned  black,  and  finally  separated  in  black 


In  order  to  ascertain  the  delicacy  of  this  reaction,  a  solu- 
tion of  one  part  of  arsenious  acid  was  made  in  1000  parts  of 
pure  hydrochloric  acid  diluted  with  water.  A  portion  of  this 
solution  (to  which  one-third  of  pure  hydrochloric  acid  was 
added),  containing  1-1 00,000th  part  of  arsenic,  was  acted  upon 
as  soon  as  it  was  heated  ;  at  first  the  precipitate  had  the  ap- 
pearance of  iron,  but  after  long  boiling  it  became  black  with 
a  metallic  lustre.  With  a  solution  containing  l-200,000th 
part,  the  copper  was  distinctly  covered  with  arsenic  after  a 
quarter  of  an  hour's  boiling.  The  limit  appears  to  be  between 
l-250th  and  l-d00,000th  parts;  and  is  therefore  consider- 
ably greater  than  that  of  any  other  reagents,  and  is  not  likely 
to  be  mistaken  for  other  substances. 

If  arsenious  acid  be  dissolved  in  water,  and  a  slip  of  copper 
immersed,  no  action  takes  place;  but  if  a  few  drops  of  hydro* 
chloric  acid  be  poured  upon  the  copper,  the  arsenic  is  imme- 
diately precipitated.  A  quantitive  estimate  of  the  arsenic 
may  be  made  by  this  method,  as  on  boiling  the  solution 
nearly  the  whole  of  the  arsenic  is  separated  from  the  coppier, 
and  the  quantity  of  arsenic  may  be  calculated  from  the  loss  of 
weight  sustained  by  the  copper.  The  arsenic  obtained  may 
either  be  further  tested  by  Marsh's  apparatus,  or  it  may  be  heat- 
ed in  an  open  glass  tube,  when  brilliant  crystals  of  arsenious 
acid  will  be  obtained,  which  may  be  dissolved  in  a  weak  alka- 
line solution  and  tested  by  the  usual  reagents ;  or  the  slip  of 
copper  may  be  heated  in  a  glass  tube  with  hydrogen  gas, 
when  metallic  arsenic  will  be  sublimed. 

Antimony, ^Cop^x  does  not  precipitate  this  metal  with 
the  same  iron-like  appearance  as  arsenic;  the  precipitate  has 


*  See  Phil.  Mag.  for  February  1841. 
Phil. Mag.  S.3.  Vol.  19.  No.  126.  Dec.  1841.         2  I 
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a  less  metallic  lustre,  and  is  of  a  decided  violet  ooloor.  With 
a  solution  containing  l-200,000th  part  of  antimony,  the  pre- 
cipitation is  so  thin  that  the  copper  shines  through,  but  has 
still  a  yiolet  hue:  upon  making  both  predpttates  they  are 
easily  discriminated  oy  comparison.  The  delicacy  of  the  re- 
action is  egtial  to  that  of  arsenic.  Antimony  also  gives  no  pre* 
cipitate  without  the  presence  of  hydrochloric  acid,  but  the 
aadition  of  a  few  drops  immediately  occasions  one. 

TiVt.— -Copper  does  not  occasion  a  precipitate  in  a  solution 
of  this  metal  containing  1-IOOth  part  to  which  an  equal 
quantity  of  hydrochloric  acid  has  been  added,  if  kept  from  the 
air ;  on  boiling  the  solution  there  are  slight  indications  of  a 
metallic  precipitate.  If  exposed  to  the  air  in  an  open  veeselt 
the  metal  is  precipitated  after  a  few  days  as  a  grayish  black 
powder :  Jn  weaker  solutions  no  precipitate  whatever  occurs. 

Lead.-^'Wiih  a  solution  containing  l*50(Hh  part  of  lead, 
to  which  an  equal  quantity  of  hydrochloric  acid  was  added, 
copper  produced  no  precipitate,  when  kept  free  from  the  air; 
on  boiling  only  a  few  spots  appeared.  In  dilute  solutions 
there  was  no  action ;  on  exposure  to  the  air  a  black  powder 
was  precipitated. 

J9/4i»tt/A.— With  a  similar  solution  of  bismuth  the  slip  of 
copper  was  immediately  covered  with  a  grayish  metallic  coat^ 
ing,  when  kept  free  from  the  air ;  this  precipitate  was  gradually 
converted  into  small  flat  crystals ;  on  heating  the  solution^  the 
copper  was  immediately  covered  with  a  crystalline  deposit. 
The  metal  was  also  precipitated  from  very  weak  solutions. 

Mercurt/. — A  solution  containing  I-lOOOlh  part  of  mer- 
cury mixed  with  hydrochloric  acid,  was  immediately  precipi- 
tated upon  the  copper  as  a  white  coating.  A  solution  con- 
taining I-50,000th  part  of  corrosive  sublimate  without  the 
addition  of  hydrochloric  acid,  had  no  action  on  the  copper 
when  cold ;  on  heating  it  produced  a  golden  colour ;  on  ad- 
dition of  hydrochloric  acid  and  after  boiling,  the  copper  bad 
a  gray  appearance,  and  metallic  mercury  might  be  observed 
by  means  of  a  single  microscope. 

Silver.^^A  solution  containing  1-lOOOth  part  of  silver,  to 
which  hydrochloric  acid  was  added,  produced  a  white  coating 
upon  a  slip  of  copper;  after  twelve  hours  there  were  smaU 
dendriticai  crystals  formed,  which  were  increased  upon  heat- 
ing the  solution.  A  solution  containing  I-50,000th  part  of 
silver  without  hydrochloric  acid,  pave  the  copper  a  yellowish 
tinge,  which  disappeared  upon  adding  hydrochloric  acid,  but 
no  silver  was  separated  with  a  solution  containing  l-20^000th 
part  silver;  the  metal  was  precipitated  in  metallic  spots. 
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It  follows  from  this  examination  :-— 

1st.  That  metallic  copper  is  the  most  delicate  and  surest  re* 
a^nt  for  the  detection  of  arsenic,  the  reaction  taking  place 
with  a  solution  containing  1 -200,000th  part. 

2nd.  That  with  antiraonv  the  action  is  similar  to  arsenic, 
but  It  is  not  precipitated  with  such  a  metallic  lustre,  and  di& 
fers  from  it  by  the  decided  violet  colour  produced. 

drd.  That  lead  and  tin  are  not  precipitated  either  from  a 
concentrated  or  dilute  solution  in  the  metallic  state  \  this 
only  occurs  upon  exposure  to  the  air. 

4th.  The  solution  of  bismuth  is  immediately  precipitated 
in  a  crystalline  state. 

5th.  That  silver  and  mercury  are  precipitated  with  a  silver 
lustre,  and  the  reaction  does  not  exceed  a  1 -20,000th  part  in 
solution. 

—  ill.  II  t,  -  I  I     »     11     II  I     T  I     1^1 

LXXIII.  Proceedings  of  Learned  Socieiiei. 

ROYAL  SOCIEirY*  ^^ 

[Continued  fhim  vol.  xriiL  p.  S41.] 
June  17,  npHE  following  papers  were  read,  vk, — 

1841.  A  1.  *•  Experiments  on  the  electric  conditions  of  the 
Rocks  and  Metalliferous  Veins  (Lodes)  of  Longclose  and  Rosewall 
Hfll  Mines  m  Cornwall.'*  By  William  Jorjr  Kenwood,  Esq.,  F.R.S., 
Ac,  Secretary  of  the  Royal  Geological  Society  of  Cornwall. 

The  experiments,  of  which  the  results  are  given  in  this  paper,  were 
undertaken  with  the  view  of  determining  whether  it  was  in  conse- 
quence of  the  imperfections  of  the  galvanometers,  or  other  apparatus, 
employed,  that  Mr.  R.  W.  Pox,  and  other  experimenters,  had  been 
unable  to  detect  the  presence  oif  electricity  in  the  tin  veins  of  Corn- 
wall. The  mode  of  experimenting  was  in  principle  the  same  as  that 
pursued  by  Mr.  Pox,  namely,  that  of  placing  plates  of  metal  in  con- 
tact with  the  points  to  be  examined,  carrying  wires  from  the  one  tc 
the  other,  and  interposing  a  galvanometer  in  the  circuit.  The  plates 
employed  were  of  sheet-copper  and  sheet-zinc,  and  they  were  about 
six  inches  long,  and  three  mches  and  a  half  wide.  The  wires  were 
of  copper,  one  twentieth  of  an  inch  in  diameter,  and  the  same  that 
had  been  used  by  Mr.  Pox. 

The  tabular  results  of  these  experiments  show  that  both  the  gra- 
nite and  the  tin  vein  at  Rosewall  Hill  mine,  and  also  the  greenstone 
and  the  copper  vein  in  that  of  Longclose,  present  unequivocal  traces 
of  electric  currents,  whether  different  parts  of  the  same  veins  or  va- 
rious portions  of  the  same  rocks  were  examined. 

It  also  appears,  from  these  experiments,  that  the  nature  and  posi- 
tions of  the  small  metallic  plates  employed  materially  affect,  not  only 
the  intensity,  but  in  some  cases  also  the  directions  of  the  currents ; 
and  also  that  there  is  a  considerable  difference  in  the  results  when  the 
same  plates  of  metal  are  placed  on  different  ingredients  in  the  veins, 
even  tiiough  these  may  be  in  immediate  contact  with  each  other, 
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2.  "  Researches  in  the  Theoiy  of  Machines."  By  the  Re^.  H. 
Moseley,  M.A.,  F.R.S.,  Professor  of  Natural  Philosoi^y  and  Astro- 
nomy in  King's  €k>llege,  London. 

Of  the  various  names,  such  as  "  useful  effect/'  "  dynamical  effect/' 
"  efficiency/' "  work  done/'  "  labouring  force/'  "  work/'  which  have 
been  given  to  that  operation  of  force  in  machinery  which  consists  in 
the  union  of  a  continued  pressure  with  a  contmued  motion,  the  au'^ 
thor  gives  the  preference  to  the  term  work,  as  being  that  which  con- 
Teys,  under  its  most  intelligible  form,  this  idea  of  the  operatioii  of 
force,  and  as  being  the  literal  translation  of  the  word  "  travail/' 
which  among  French  writers  on  mechanics  has  taken  the  place  of 
every  other. 

The  single  unit,  in  terms  of  which  this  operation  of  force  is  with 
ns  measured,  viz.  the  work  of  overcoming  a  pressure  of  <me  pound 
through  one  foot,  he  considers  to  be  distinguished  sufficiently,  and 
expressed  concisely  enough,  by  the  term  wait  of  work,  rejecting  as 
unnecessary,  and  as  less  likely  to  pass  into  general  use,  the  terms 
"  d3mamical  unit,"  and  "  dynam,"  which  it  has  been  proposed  to 
apply  to  it. 

Having  thus  defined  the  terms  work  and  tmtV  of  work,  and  paid  a 
tribute  of  respect  to  the  valuable  labours  of  M.  Ponoelet  in  the  theory 
of  machines,  and  expressed  admiration  of  the  skill  with  which  he  has 
applied  to  it  the  well-known  principle  of  vis  viva  under  a  new  and 
more  general  form,  the  author  proceeds  to  remark,  that  the  inter- 
pretation  which  M.  Poncelet  has  given  to  that  function  of  the  velo* 
city  of  a  moving  body  which  is  taken  as  the  measure  of  its  vis  viva, 
associates  with  it  the  definitive  idea  of  a  force  opposed  to  all  change 
in  the  state  of  the  body's  rest  or  motion,  and  known  as  its  *'vi8  ui- 
ertuB,**  *'  vis  insita,"  &c.  The  author  conceives  that  the  introduction 
of  the  definitive  idea  of  such  a  force  into  questions  of  elementary  and 
practical  mechanics  is  liable  to  many  and  grave  objections ;  and  he 
proposes  a  new  interpretation  of  it«  viz.  "  that  one  half  of  this  fac- 
tion represents  the  number  of  units  of  work  accumulated  in  the  moving 
body,  and  which  it  is  capable  of  reproducing  upon  any  resistance 
opposed  to  its  progress."  This  interpretation  he  establishes  by  me* 
chanical  considerations  of  an  elementary  kind.  Taking,  then,  this 
new  interpretation  of  the  function  representing  one  half  the  vis  viva, 
and  dividmg  the  parts  of  a  machine  into  those  which  receive  the 
operation  of  the  moving  power  (the  moving  points)  and  those  which 
apply  it  (the  working  points),  he  presents  the  principle  of  vis  viva  in 
its  application  to  machines  under  the  following  form : — "The  number 
of  units  of  work  done  by  the  moving  power  upon  the  moving  points 
of  the  machine  is  equal  to  the  number  yielded  at  the  working  points, 
plus  the  number  expended  upon  the  prejudicial  resistances,  plus  the 
number  accumulated  in  the  various  parts  of  the  mcushine  which  are 
in  motion."  So  that  the  whole  number  of  units  of  work  done  by 
the  moving  power,  or  upon  the  moving  points,  is  expended,  partly 
in  that  work  done  at  the  working  points,  whence  results  immediately 
the  useful  product  of  the  machine,  and  partly  upon  the  prejudicial 
resistances  of  friction,  &c.  opposed  to  the  motion  of  the  machine  in 
its  transmission  from  the  movine;  to  the  working  points ;  and  all  the 
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rest  is  accumulated  or  treasured  up  in  the  moving  parts  of  the  ma- 
chine, and  is  reproducible  whenever  the  work  of  the  moving  power 
from  exceeding  shall  fiall  short  of  that  which  must  be  expended  upon 
the  useful  and  the  prejudicial  resistances  to  carry  on  the  machine. 

He  then  proceeds  to  observe,  that  in  every  machine  there  thus 
exists  a  direct  relation  between  these  four  elements, — ^the  work  done 
upon  the  moving  points,  that  expended  at  the  working  points,  that 
expended  on  the  prejudicial  resistances,  and  that  accumulated  in  the 
moving  elements.  This  relation,  which  is  always  the  same  for  the 
same  machine,  and  different  for  different  machines,  he  proposes  to 
call,  in  respect  to  each  particular  machine,  its  modulua ;  and  he  states 
the  principal  object  of  this  paper  (and  of  another  which  he  proposes 
subsequently  to  submit  to  the  Society)  to  be,  first,  the  general  de- 
termination of  the  modulus  of  a  simple  machine ;  secondly,  that  of 
a  compound  machine,  from  a  knowledge  of  the  moduli  of  its  compo- 
nent elements ;  and,  thirdly,  the  application  of  these  general  methods 
of  determination  to  some  of  the  principal  elements  of  machinery,  and 
to  the  machines  which  are  in  common  use. 

The  author  then  states,  that  the  velocities  of  the  different  parts,  or 
elements  of  every  machine  are  connected  with  one  another  by  certain 
invariable  relations,  capable  of  being  expressed  by  mathematical  for- 
mulae ;  so  that,  though  these  relations  are  different  for  different  ma- 
chines, they  are  the  same  for  the  same  machine.  Thus  it  becomes 
possible  to  express  the  velocity  of  any  element  of  a  machine,  at  any 
pmod  of  its  motion,  in  terms  of  the  corresponding  velocity  of  any 
other  element.  Whence  it  results  that  the  whole  vis  viva  of  the 
machine  may  at  any  time  be  expressed  in  terms  of  the  corresponding 
velocity  of  its  moving  point  (that  is,  the  point  where  the  moving 
power  is  applied  to  it),  and  made  to  present  itself  under  the  form  V"* 
2  w  X^,  where  V  represents  the  velocity  of  the  moving  point  of  the 
machine,  w  the  weight  of  any  element,  and  X  a  factor  determining 
the  velocity  of  that  element  in  terms  of  the  velocity  V  of  the  moving 
point.  Substituting  this  expression  for  the  vis  viva  or  accumulated 
work  in  the  modulus  and  solving  in  respect  to  V,  an  expression  is 
obtained,  whence  it  becomes  apparent  that  the  variation  of  the  velo- 
city V  of  the  moving  point,  produced  by  any  given  irregularity  in 
the  work  done  upon  the  moving  or  worlung  points,  will  be  less,  as 
the  hxitOT  2  w  X<  is  greater.  TUs  ftustor,  determinable  in  every  ma- 
chine, and  upon  which  the  uniformity  of  its  action  under  given 
variations  of  the  power  which  impels  it  depends,  he  proposes  to  in- 
troduce into  the  general  discussion  of  the  theory  of  machines  as  the 
eoeficieni  of  eqw&U  motion. 

He  then  proceeds  to  investigate  general  methods  for  the  determina- 
tion of  the  modulus  of  a  macUne,  deducing  them  from  those  general 
relations  which  are  established  by  the  principles  of  statics,  between 
the  pressures  applied  to  the  machine,  in  its  state  bordering  upon 
tootion. 

That  he  may  escape  that  complication  of  formulse  which  results 
from  the  introduction  of  friction,  by  the  ordinary  methods,  into  the 
consideration  of  questions  of  equilibrium,  the  author  calls  to  his  aid 
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a  principle,  first  publiahed  by  himself  in  a  paper  on  tiie  '  Theory  of 
the  Equilibrium  of  Bodies  in  contact/  printed  in  the  fifth  volume  of 
the  Cambridge  Philosophical  Transactions,  viz.  "  that  when  the 
surfaces  of  two  bodies  are  in  contact  under  any  given  pressures,  and 
are  in  the  state  bordering  upon  motion,  on  those  surfaces,  then  the 
common  direction  of  the  mutual  resistances  of  the  surfaces  is  incUned 
to  their  normal  at  the  point  of  contact  at  a  certain  angle,  given  in 
terms  of  the  friction  of  ^e  surfaces  by  the  condition  that  its  tangent 
is  equal  to  the  coefficient  of  friction."  This  angle  the  author  haa 
called  **  the  limting  angU  of  re9i$tance i"  it  has  since  been  used  by 
other  writers  under  the  designation  of  the  **9lipping  angle.** 

He  next  proceeds  to  determine  the  modulus  of  a  simple  machine, 
moveable  about  a  cylindrical  axis  of  given  dimensions«  and  acted 
upon  by  any  number  of  pressures  in  the  same  plane.  He  applies 
the  principle  last  stated  to  determine  the  general  conditions  of  the 
equilibrium  of  these  pressures,  in  the  state  bordering  upon  motion 
by  the  preponderance  of  one  of  them ;  and,  solving  the  resulting 
equation  in  respect  to  that  one  pressure  by  the  aid  of  Lagrange's 
theorem,  he  deduces  immediately  the  modulus  from  this  solution  by 
principles  before  laid  down.  The  modulus,  thus  determined,  he  then 
verifies  by  an  independent  discussion  of  that  particular  case  in  which 
three  pressures  only  are  applied  to  the  machine,  one  of  which  ba«  ita 
direction  through  the  centre  of  the  axis. 

This  solution  he  next  considers  more  parti<nilarly  with  reference 
to  a  machine  moveable  about  a  fixed  axis  under  one  moving  and  one 
working  pressure  (their  directions  being  any  whatever)  and  its  own 
weight :  which  last  is  supposed  to  act  through  the  centre  of  the 
axis.  He  shows  that  it  is  a  genearal  condition  of  the  greatest  eco« 
nomy  in  the  working  of  such  a  machine,  that  the  moving  and  work- 
ing pressures  should  have  their  directions,  one  of  them  upwards,  and 
the  other  downwards,  and  that  both  should  therefore  be  applied  on 
the  same  side  of  the  axis  of  the  machine.  He  moreover  shows  that 
if  the  direction  of  one  of  these  pressures  be  given«  there  is  then  a 
certain  perpendicular  distance  of  the  other  from  the  centre  of  the 
axis,  and  a  certain  inclination  of  its  direction  to  the  vertical;  at 
which  perpendicular  distance,  and  which  inclination,  this  pressure 
being  applied,  the  machine  will  yield  a  greater  amount  of  work,  by 
the  expenditure  of  a  given  amount  of  power,  than  it  will  yield  under 
any  other  circumstances  of  its  applicatian :  so  that  this  particular 
distance  and  inclination  are  those  whence  results  the  most  economi* 
cal  working  of  the  machine. 

Professor  Moseley  then  commences  his  application  of  these  general 
principles  to  elementary  machines  with  the  pulley.  He  establishes 
the  modulus  of  the  pulley  under  any  given  inoUnation  of  the  parts 
of  the  cord  passing  over  it,  taking  into  account  the  friction  of  the 
axis,  the  weight  of  the  pulley  and  the  rigidity  of  the  cord,  and  adopt* 
ing,  with  respect  to  the  last  element,  the  experiments  of  Coulomb. 
This  general  form  of  the  modulus  of  the  pulley  he  applies,  first,  to 
the  case  in  which  both  strings  are  p«uraUel,  and  indined  to  the  vertical 
atanyaogk;  saoondly*  to  the  case  in  whiob  they  are  equally  iiwUiied 
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on  either  side  of  the  vertical ;  thirdly,  to  the  case  in  which  one  is 
horizontal  and  the  other  vertical ;  and,  fourthly,  to  that  in  which 
both  are  horizontal.  He  concludes  his  paper  by  a  deduction  from 
this  last  case  of  the  modulus  of  a  system  of  any  number  of  pulleys  or 
sheaves,  sustaining  among  them  the  weight  of  any  given  length  of 
rope  horizontally. 

3.  "  On  the  Nervous  Ganglia  of  the  Uterus."  By  Robert  Lee, 
M.D.,  F,R.S. 

The  author,  in  a  paper  which  was  read  to  the  Royal  Society  on 
the  1 2th  of  December,  1839*,  had  described  four  great  plexuses  under 
the  peritoneum  of  the  gravid  uterus,  having  an  extensive  connexion 
with  the  hypogastric  and  spermatic  nerves.  From  their  form,  co- 
lour, general  distribution,  and  resemblance  to  ganglionic  plexuses  of 
nerves,  and  from  their  branches  actually  coalescing  with  those  of  the 
hypogastric  and  spermatic  nerves,  he  was  induced  to  believe,  on  first 
discovering  them,  that  they  were  ganglionic  nervous  plexuses,  and 
that  they  constituted  the  special  nervous  system  of  the  uterus.  He 
states  in  the  present  paper,  that  subsequent  dissections  of  the  unim- 
pregnated  uterus,  and  of  the  gravid  uterus  in  the  third,  fourth,  sixth, 
seventh,  and  nin^  months  of  pregnancy,  have  enabled  him  not  only 
to  confirm  the  accuracy  of  his  former  observations,  but  also  to  dis- 
cover the  important  fact,  that  there  are  many  large  ganglia  on  the 
uterine  nerves,  and  on  those  of  the  vagina  and  bladder,  which  enlarge 
with  the  coats,  blood-vessels,  nerves,  and  absorbents  of  the  uterus 
during  pregnancy,  and  which  return,  after  parturition,  to  their  ori« 
ginal  condition  before  conception  took  place.  The  author  next  pro- 
ceeds to  describe  the  two  great  ganglia  situated  on  the  sides  of  the 
neck  of  the  uterus,  in  which  the  hypogastric  and  several  of  the  sa- 
cral nerves  terminate,  and  which  he  calls  the  hypogastric,  or  utero' 
cervical  ganglia.  In  the  unimpregnated  state,  they  are  of  an  irre- 
gular, triangular,  or  oblong  shape,  about  half  an  inch  in  the  long 
diameter,  and  always  consist  of  grey  and  white  matter,  like  other 
ganglia,  lliey  are  covered  by  the  trunks  of  the  vaginal  and  vesical 
arteries  and  veins ;  and  each  gangUon  has  an  artery  of  considerable 
size,  which  enters  it  near  the  centre  and  divides  into  branches,  ac- 
companying the  nerves  given  off  from  its  anterior  and  inferior  borders. 
From  the  inner  and  posterior  surface  of  each  of  these  ganglia,  nerves 
pass  off,  which  anastomose  with  the  hsemorrhoidal  nerves,  and  ramify 
on  the  sides  of  the  vagina,  and  between  the  vagina  and  rectum. 
From  the  inferior  border  of  each  hypogastric  ganglion  several  fasci- 
culi of  nerves  are  given  off,  which  pass  down  on  the  sides  of  the 
vagina,  and  enter  some  large  flat  ganglia,  midway  between  the  os 
uteri  and  ostium  vaginae.  From  these  vaginal  ganglia  innumerable 
filaments  of  nerves,  on  which  small  flat  ganglia  are  formed,  extend 
to  the  sphincter,  where  they  are  lost  in  a  white  dense  membranous 
expansion.  From  this  great  web  of  ganglia  and  nerves  numerous 
branches  are  sent  to  the  sides  of  the  bladder,  and  enter  it  around  the 
ureter.    All  these  nerves  of  the  vagina  are  accompanied  with  arte- 
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lies ;  and  they  often  form  complete  rings  of  nerve  around  the  trunks 
of  the  great  veins. 

The  author  then  descrihes  the  nerves  which  are  given  off  from  the 
anterior  margin  of  each  hypogastric  ganglion,  some  of  which  pass  oa 
the  outside  of  the  ureter  and  others  on  the  inside,  and  meet  in  front 
of  the  ureter  in  a  ganglion,  which  he  calls  the  middle  vesical  gangiiom. 
There  are  other  two  ganglia,  he  states,  formed  ou  these  nerves ;  one 
hetween  the  uterus  and  ureter,  and  the  other  hetween  the  ureter 
and  vagina.  These  he  calls  the  internal  and  external  vesical  ganglia. 
Not  o^y  is  the  ureter  inclosed  within  a  great  ring  of  nervous  mat- 
ter, which,  he  says,  resembles  the  cesophageal  ganglia  in  some  of  the 
Invertebrata ;  but  the  trunks  of  the  uterine  artery  and  vein  are  like- 
wise encircled  by  a  great  collar  of  nervous  matter,  between  which 
and  the  hypogastric  ganglion  several  large  and  some  small  branches 
pass. 

The  author  gives  the  following  description  of  the  vesical  ganglia. 
The  internal  vesical  ganglion,  which  usually  has  a  flattened  or  long 
bulbous  shape,  is  formed  entirely  upon  the  nerves  which  pass  from 
the  hypogastric  ganglion,  and  run  between  the  uterus  and  &e  ureter. 
It  has  an  artery  which  passes  through  its  centre*  It  first  gives  off  a 
large  branch  to  the  ring  of  nerve  or  ganglion  which  surrounds  the 
uterine  blood-vessels ;  it  then  sends  branches  to  the  anterior  part  of 
the  cervix  uteri,  and  afterwards  a  great  number  of  small  filaments  to 
the  muscular  coat  of  the  bladder  behind,  where  it  is  in  contact  with 
the  uterus  ;  and  it  then  sends  forwards  a  large  branch,  which  termi- 
nates in  the  middle  vesical  ganglion.  This  ganglion  sends  off  a  great 
number  of  large  nerves  to  the  bladder.  Some  of  these  accompany 
the  arteries,  and  can  be  seen  ramifying  with  them  upon  the  whole 
of  the  superior  part  of  the  organ,  even  to  the  fundus.  Filaments  of 
these  nerves,  scarcely  visible  to  tiie  naked  eye,  are  seen  in  one  of  the 
preparations  ramifying  upon  the  bundles  of  muscular  fibres,  occa- 
sionally forming  loops  and  inclosing  them,  or  passing  down  between 
them  to  the  strata  of  fibres  below.  Some  of  the  smaller  branches  of 
the  middle  vesical  ganglion  do  not  accompany  the  arteries,  but  are 
distributed  at  once  to  the  parts  of  the  bladder  around  the  ureter. 

The  external  vesical  ganglion  is  formed  entirely  upon  the  nerves 
which  proceed  from  the  hypogastric  ganglion,  and  pass  on  the  out- 
side of  the  ureter.  This  is  a  small  tibin  ganglion,  the  branches  of 
which  are  sent  immediately  into  the  muscular  coat  of  the  bladder. 
It  usually  sends  down  a  long  branch  to  anastomose  with  the  nerves 
issuing  from  one  of  the  vaginal  ganglia. 

From  the  inner  surfru;e  of  each  hypogastric  ganglion  numerous 
small  white,  soft,  nerves  pass  to  the  uterus,  some  of  which  ramify 
upon  the  muscular  coat  about  the  cervix,  and  others  spread  out 
under  the  peritoneum  to  coalesce  with  the  great  ganglia  and  plexuses 
situated  on  the  posterior  and  anterior  suites  of  that  organ.  Large 
branches  also  go  off  frY>m  the  inner  surface  of  the  ganglion  to  the 
nerves  surrounding  the  blood-vessels  of  the  uterus,  which  they  ac- 
company in  all  their  ramifications  throughout  its  muscular  coat. 

TIus  paper  is  illustrated  by  two  drawings,  in  which  the  hypogas- 
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tric»  vaginal^  Vesical  and  uterine  ganglia  are  delineated  in  the  fourth 
month  of  pregnancy,  and  also  the  plexuses  of  nerves  on  the  anterior 
surface  of  the  uterus. 

From  an  examination. mrith  the  microscope  of  portions  of  the 
plexuses  under  the  peritonetim  of  a  gravid  uterus  in  the  ninth  month, 
which  had  long  been  immersed  in  rectified  spirit.  Professor  Owen 
and  Mr.  Kieman  inferred  that  they  were  not  nervous  plexuses,  but 
bands  of  elastic  tissue,  gelatinous  tissue,  or  cellular  membrane. 

The  author  concludes  his  paper  with  a  letter  from  John  Dalrym- 
pie,  Esq.,  containing  the  results  of  the  observations  he  had  made 
with  the  microscope  on  the  uterine  nerves  in  the  recent  state.  Fila- 
ments of  the  nerves  which  surrounded  the  ureter,  and  which  were 
situated  upon  the  body  of  the  uterus,  were  submitted  to  the  micro- 
8€x>pe.  The  instrument  employed  was  a  very  powerful  object-glass, 
whose  focus  was  the  eighth  of  an  inch,  made  by  Ross.  Mr.  Dal- 
rymplefound  that  it  was  impossible, even  with  the  most  careful  dissec- 
tion, to  detach  any  filament  of  nerve  without  including  a  quantity  of 
cellular  and  elastic  tissue ;  so  that  although  the  tubular  portion  indi* 
c»ting  the  nerve  was  distinct,  yet  it  was  surrounded  by  innumerable 
extremely  minute  threads  coiled  and  contorted,  such  as  those  which 
constitute  the  component  of  elastic  tissue,  and  the  ultimate  element 
of  ceUular  membrane.  Under  slight  pressure,  however,  the  tube  was 
plainly  discernible,  and  was  found  to  contain  granular  matter,  not 
uniformly  distributed,  but  collected  in  minute  masses  at  intervals. 
Small  blood-vessels  Ivere  also  here  and  there  seen,  with  blood-discs 
within  them,  which  served  to  indicate  the  difference  between  the 
nervous  and  vascular  tubes,  and  thus  to  avoid  the  possibility  of  error. 
Being,  however,  aware  that  some  of  the  most  distinguished  foreign 
microscopical  anatomists  had  differed  as  to  what  was  the  real  clui- 
racteristic  of  the  nerves  of  the  sympathetic  system,  and  feeling,  from 
this  discordance  of  opinion,  that  there  was  no  absolute  test,  or  at 
least  none  which  was  not  open  to  cavil,  Mr.  Dalrymple  thought  of 
making  a  comparison  of  the  uterine  nerves  with  those  that  undenia- 
bly belonged  to  the  ganglionic  system.  He  therefore  traced  some 
nerves  on  the  surface  of  the  stomach  up  to  the  great  ganglion  that 
gave  them  origin ;  and  he  selected  some  also  from  the  small  intestine, 
lliese  he  submitted*  to  the  same  microscopical  power,  and  under  the 
same  circumstances  of  light,  and  pressure,  and  medium.  In  all  of 
these  he  observed  the  tubular  part  filled  with  granular  matter,  and 
similarly  collected  in  minute  masses.  He  also  observed  that  each 
tube  was  surrounded  by  the  minute  serpentine  threads  before  de- 
scribed. In  fact,  so  closely  did  they  agree  in  every  particular  with 
the  appearances  presented  by  the  uterine  nerves,  that  it  would  have 
been  impossible  to  distinguish  the  one  from  the  other. 
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March  24,  1841. — ^The  reading  of  the  paper  on  Russia,  by  Mr. 
Murchison  and  M.  £.  de  VemeuS,  was  resumed  and  concluded. 
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The  Memoir,  of  which  the  following  is  an  abstract,  is  the  result 
of  a  journey  through  the  Northern  and  Central  Governments  of 
Russia  in  Europe,  made  during  the  summer  of  1840,  a  verbal  account 
of  some  of  the  chief  points  of  which,  accompanied  by  a  new  geo- 
logical map  of  those  regions,  was  offered  to  the  public  at  the  meet* 
ing  of  the  British  Association  for  the  Advancement  of  Science,  in 
September  1840. 

Introduction. — ^The  authors  preface  their  memoir  with  a  sketch  of 
the  condition  of  geological  knowledge  concerning  the  flat  and  oen- 
tral  countries  of  Russia  in  Europe  anterior  to  their  visit,  and  show 
that  the  early  efforts  of  Strangways*  had  not  been  followed  up  by 
any  connected  attempt  to  estabUsh  the  classification  and  succession 
of  the  older  sedimentary  deposits  on  the  true  principles  of  the  order 
of  their  superposition,  and  their  distinctions  by  organic  remains. 
They  point  out,  however,  that  certain  elements  of  tibe  subject  had 
been  prepared ;  first,  by  the  map  and  descriptions  of  Strangways ; 
secondly,  by  the  publication  of  the  palsBontological  works  of  Fischer 
de  Waldheim,  Pander,  and  Eichwald ;  thirdly,  by  the  recent  re« 
searches  of  Colonel  Helmersen  in  the  Waldai  Hills ;  and  fourthly, 
by  the  important  zoological  distinctions  indicated  by  M.  Leopold  de 
Buch,  who,  on  hearing  of  the  plan  of  the  voyage  of  the  authors,  ez« 
pressed  his.belief  (from  the  examination  of  certain  fossils  alone)  that 
the  triple  subdivision  of  the  palmoMoic  rocks  into  the  Carboniferoiis, 
Old  Red,  and  Silurian  systems,  as  indicated  by  Mr.  Murchiaonti 
would  be  found  to  prevail  in  Estiionia,  Livonia  and  Courland. 

After  alluding  to  the  vast  importance  to  the  Russian  empire  of  a 
correct  knowledge  of  the  subsoU  of  these  fiat  regions,  the  authors 
explained  the  scheme  which  they  had  devised,  before  they  left  tlidr 
own  countries,  for  ascertaining  the  data  requued.  Aware  of  the  two 
great  difficulties  which  are  opposed  to  the  examination  of  this  region, 
<^the  slight  altitude  of  the  masses  above  the  sea,  and  the  vast  quan- 
tity  of  dnft  or  the  slight  superficial  detritus  which  obscures  the  fun« 
damental  rocks, — they  overcame  these  obstacles  by  examining,  in 
succession,  the  banks  of  the  rivers  between  the  longitude  of  St 
Petersburgh  and  of  Archangel,  which,  flowing  from  N.N.W.  to 
S.S.E.,  or  transverse  to  the  only  apparent  lines  of  elevation,  might 
be  expected  to  offer  the  evidences  required.  They  also  ascended  the 
great  Dwina,  from  the  White  Sea  to  Ousting  Veliki ;  and  afterwards 
extended  their  researches  to  the  south  of  Nijnii  Novogorod,  in  order 
to  determine  the  relations  of  the  secondary  rocks  to  those  older 
deposits  with  which  they  had  become  familiar. 

In  terminating  these  introductory  explanations,  the  authors  dwelt 
with  pleasure  on  the  valuable  assistance  they  had  received,  parrieu- 
larly  in  the  early  part  of  their  tour,  frx>m  the  Baron  A.  de  Meyen« 
dorf  :t,  now  executing,  by  order  of  his  Lnperial  Majesty,  a  statistical 
survey  of  Russia,  who  endeavoured  to  combine  geology  and  natuial 
history  with  the  chief  object  of  his  expedition  by  attaching  to  it  two 
excellent  naturalists.  Count  Keyserling  and  Professor  Blauus.  They 

*  Geol.  TVans.,  Firat  Series,  vol.  v, ;  Second  Series,  vol.  i. 
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farther  testified  their  warm  thanks  to  the  Russian  minister,  the 
Count  de  Cancrine,  who  specially  aided  this  geological  inquiry,  and 
they  also  acknowledged  their  obligations  to  Count  Nesselrode,  Count 
Alexander  Strogonoff,  Baron  Humboldt,  Baron  Brunnow,  and  Gene- 
ral Tcheffkine.  They  further  expressed  their  sense  of  the  value  of 
the  services  of  a  zealous  young  geologist,  Lieutenant  Koksherof, 
without  whose  aid  the  authors  could  not  have  accomplished  their 
task.  A  geological  map  and  sections  illustrated  the  description,  and 
the  chsiaoteristic  fossils  of  each  group  were  laid  upon  the  table. 

Crystalline  Rooks,  Metamorphic  Rocks,  TVtqi  Rocks,  Physical  Oso^ 
graphy,  4rc.— -Before  they  proceed  to  describe  the  sedimentary  de» 
posits  in  their  order  firom  S.  to  N.,  or  from  the  older  to  the  younger 
strata,  the  authors  mention  some  peculiar  varieties  of  gneiss  which 
occupy  the  little  islands  of  the  White  Sea  near  Onega,  one  of  which 
is  charged  with  garnets.  They  then  give  a  bri^  sketch  of  the 
altered  condition  of  the  sedimentary  strata  on  the  western  shore  of 
the  lake  Onega,  where  they  are  pierced  by  masses  of  greenstone  and 
trappean  conglomerate. 

A  few  words  explain  how  the  Waldai  Hills,  the  great  watershed 
of  Central  Russia,  afford  the  best  means  of  reading  off  the  succes* 
tton  of  the  older  strata.  The  rivers  Msta,  Wolkoff,  Siass,  &c., 
which  flow  from  the  south  to  the  north,  having  short  courses,  neees^* 
sarily  occupy  deeper  rents,  and  therefore  expose  on  their  banks 
better  sections  than  those  streams,  which,  descending  on  the  other 
aide  of  the  crest,  glide  along  on  a  very  slightly  inclined  plane  to  the 
south.  By  examining  the  banks  of  the  north^flowing  rivers,  the 
older  formations  were  found  to  succeed  each  other  in  tiie  following 
ascendmg  order :.~ 

!•  SUurioH  Rocks, ^-^The  oldest  sedimentary  deposits  of  Russia 
(those  on  which  St.  Petersburgh  is  situated)  are  clays,  sandstone, 
Umestone  and  flagstone,  which  from  their  position  and  organic  re* 
mains  are  considered  the  equivalents  of  the  Silurian  system  of  the 
British  Isles.  The  detailed  order  of  these  beds  was  long  ago  given 
by  Strangways ;  but  at  the  early  day  when  he  wrote,  the  study  of 
organic  remains  was  not  sufficientiy  advanced  to  enable  him  to  de- 
termine the  exact  place  of  these  beds  in  the  geological  series,  nor  to 
point  out  their  true  relations  to  the  adjacent  masses.  Many  of  the 
fossils  have  since  been  described  by  the  native  authors.  Pander  and 
Eiohwald,  and  recentiy  some  very  characteristic  forms  by  M.  de 
Buch* 

The  Silurian  deposits  consist  in  ascending  order  of  blue  clay,  imier^ 
mediate  grit,  and  overlying  limesioncr  &c.  In  the  first  of  tliese  no 
oiganic  remains  have  yet  been  found ;  and  the  intermediate  sand- 
stone or  grit  is  alone  distinguished  by  a  remarkable  form  unknown 
in  western  Europe  (Me  Ungulite),  which  the  authors  consider  to  be 
nearly  allied  to  Orikis,  They  lU^ewise  discovered  in  this  grit  one 
small  shell  resembling  a  Pecten.  In  the  limestones,  and  certain 
overlying  flagstones  first  described  on  this  occasion,  organic  remains 
abound ;  and  they  agree  well  in  the  leading  characters  on  which  the 
Silurian  syston  was  established,  vis.  that  the  forms  of  Ttilobite, 
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OrthoceraiUe,  and  Orthis  are  distinct  from  the  t3rpe8  of  the  overly- 
ing members  of  the  palaeozoic  series. 

llie  most  prevalent  fossils  are  the  Orthoceratites  vaginatns,  Asa- 
phtts  expansus,  Illtcnus  crassicauda,  the  peculiar  Crinoidean  Sphero- 
nites  (sdlied  to  the  hchadites  of  the  Upper  Silurian  rocks),  and  a 
vast  profusion  of  many  species  of  Orthis.  Although,  upon  the  whole, 
the  Silurian  fossils  of  Russia  differ  more  than  those  of  Sweden  from 
British  species  of  tlie  same  age  (as  might  indeed  be  expected  from 
their  more  remote  distance),  certain  shells  are  identical  witii  those 
published  from  England;  among  which  are  enumerated,  Lept^ena 
depressa  (L.  rugosa,  Dalm.),  Leptana  sericea,  Lingula  Lewisii,  Orthis 
canalis  (O.  eUgantula,  Dalm.),  &c. ;  and  according  to  M.  Eichwald, 
two  or  three  species  of  Trilobites*. 

With  the  exception  of  some  very  trivial  dislocations  in  the  low 
hills  south'of  St.  Petersburgh,  the  Silurian  rocks  are  so  uniformly 
horizontal,  that  in  the  fine  quarries  on  the  banks  of  the  Wolkoff,  the 
authors  were  able  to  prove  a  difference  of  2^  or  3^  to  the  S.S.B. 
only  by  pouring  water  on  the  surface  of  the  rocks. 

These  Silurian  deposits  occupy  the  islands  of  Oland,  Gothland,  &c. 
in  the  Baltic,  and  trend  along  the  shores  of  Esthland  in  a  broad 
band  from  W.S.W.  to  E.N.E.,  till  they  are  lost  under  vast  heaps  of 
granitic  detritus  between  the  lakes  Ladoga  and  Onega.  Near  the 
latter,  these  deposits  are  deflected  to  the  north,  and  there  meet  with 
great  ridges  of  trappean  rocks,  which  run  from  N.N.W.  to  S.S.E. 
In  that  region  all  the  deposits  are  in  a  metamorphio  ccmdition ;  tiie 
limestones  present  no  distinct  traces  of  fossils ;  and  the  authors  ha- 
ving satisfied  themselves  that  there  was  no  chance  of  observing  any 
further  evidence  of  a  descending  order  between  such  rocks  and  the 
great  primarized  granitic  chain  of  Scandinavia  and  Russian  Lapland, 
the  boundary  of  which  they  coasted,  confined  their  attention  to  the 
ascending  order  of  the  strata,  which  is  clearly  exhibited  on  the  banks 
of  the  Wolkoff  and  at  other  places. 

2.  Old  Red,  or  Devonian  System* — ^That  the  inferior  strata  are  the 
true  equivalents  of  the  Silurian  system,  was  determined  not  only  by 
their  aspect  and  fossil  contents,  but  by  their  being  overlaid  by  other 
rocks  which  are  completely  identical  with  the  *'  Old  Red  System  " 
of  the  British  Isles,  as  defined  by  Mr.  Murchisonf.  This  system  is 
of  great  extent  in  Russia.  It  passes  from  Livonia  by  the  lakes  of 
Ilmen  and  the  Waldai  Hills,  and  is  extended  over  a  vast  region  to 
the  N.E.,  where  it  constitutes  a  large  portion  of  the  shores  of  the 
White  Sea.  This  system  consists  of  flagstone,  clays,  marls,  corn- 
stones  and  sandstones,  the  whole  bearing  a  considerable  resemblance 
to  some  red  deposits  of  the  same  age  in  our  isles,  but  differing  by 
containing  copious  salt  springs  and  much  gypsum.  It  was  the  oc- 
currence of  so  much  salt  and  gypsum  that  led  previous  writers  to 
consider  these  deposits  an  equivalent  of  our  new  red  system^  which, 

*  See  Professor  Eichwald's  work,  published  since  the  authors'  visit  to 
Russia,  entitled  '  Siluriscbe-Schichten- system  in  Esthland.' 
t  See  Silurian  Researches^  p.  165,  and  Table  with  the  Map. 
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being  found  to  contain  the  same  minerals  in  the  western  parts  of 
Europe,  had  been  even  termed  by  8ome»  the  saliferous  system,  lliat 
the  red  deposits  (red  and  green)  are»  however,  the  true  equivalents 
of  our  old  red  sandstone,  is  demonstrated,  not  only  by  order  of 
superposition,  but  also  by  the  many  organic  remains  which  they 
offsr.  Fishes  are  the  most  distinguishing  fossils  of  this  great  Rus* 
Bian  system,  and  among  these  are  species  (notably  the  Holoptychms 
Nobilissimus,  Murchison,  with  the  Coccosteus,  D^lopierus  and  Cieno^ 
ptfckius  of  Agassiz),  forms  which  occur  in  deposits  of  the  same  age 
in  Scotland.  The  fishes  are  in  abundance,  and  a  work,  illustratiye 
of  them,  is  now  preparing  by  Professor  Asmus,  of  Dorpat,  near  which 
University  they  abound.  The  authors  have  traced  these  fish-beds 
lor  a  great  distance,  occup^nuag  several  stages  in  the  system,  and 
each  stage  characterized  by  peculiar  species  of  ichthyolites. 

The  zoological  contents  of  this  system  are  also  of  great  value  in 
illustrating  and  confirming  the  palseozoic  classification  proposed  by 
Messrs.  Sedgwick,  Murcluson  and  Lonsdale ;  or  in  other  words,  the 
evidences  found  in  Russia  leave  no  doubt  that  the  old  red  and  De« 
Tonian  systems  of  rocks  are  identical.  The  Orthis  subfuei/ormis,  O. 
striata,  Spiri/er  calcarata,  8,  trapezaidalis,  Prodactus  caperatva,  TV* 
rebratuia  prisca  (large  var.),  and  Serpula  omphaloidea,  shells  distinct 
from  those  of  the  carboniferous  system,  but  similar  to  those  which 
occur  in  Devonshire,  Westphalia,  Belgium,  and  other  places  (in  de« 
posits  which  have  been  shovm  by  these  authors  to  be  of  the  age  of 
the  old  red  sandstone),  are  found  in  Russia  tit  the  same  beds  with  the 
JossH  fishes  of  the  old  red  sandstone  of  the  British  Isles. 

Still  more  striking,  observe  the  authors,  are  these  cumulative 
proofs,  when  it  is  stated,  that  although  in  France  and  Germany 
there  are  scarcely  any  lithological  equivcdents  for  the  British  old  red 
sjrstem,  yet,  that  in  extending  researches  far  to  the  east,  this  mem- 
ber of  the  series  b  found  to  resume  very  many  of  the  same  mineral 
characters  which  distinguish  it  in  the  central  and  northern  parts  of 
the  British  Isles ;  and  Sien  under  similar  conditions  it  contains  the 
ichthyolites  of  the  British  deposits. 

3.  Carboniferous  System. — In  the  northern  regions  of  Russia,  the 
lower  or  calcareous  part  only  of  the  carboniferous  system  exists, 
which  in  the  Waldai  Hills,  near  Wytegra,  on  the  Onega,  and  in 
many  other  places,  is  seen  to  overlie  the  old  red  sandstone.  The 
inferior  beds  consist  of  incoherent  sandstones  and  bituminous  shale, 
which  sometimes  contain  thin  beds  of  impure  pyritous  coal,  and  im- 
pressions of  several  plants  well  known  in  the  carboniferous  system 
of  our  own  islands.  These  are  surmounted  by  various  bands  of 
limestone,  the  lowest  of  which  only  have  occasionally  some  minera- 
logical  resemblance  to  the  mountain  limestone  of  Western  Europe ; 
other  beds  being  lithologically  undLstinguishable  from  the  magne- 
sian  limestone  of  England*;  some  from  a  pisolite ;  a  third  and-very 
prevalent  band  of  considerable  thickness  is  milk-white,  and  not  more 
compact  than  the  calcaire  grossier  of  Paris.  This  white  Productus 
limestone  was  traced  by  the  authors  from  the  neighbourhood  of 
Moscow  to  beyond  Archangel  (and  they  ascertained  that  it  ranged 
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iar  into  the  country  of  the  Samoiedes),  a  distance  of  not  lew  than 
1000  miles.  This  formation  has  also  a  mineral  resemblance  to  chalk« 
in  being  loaded  with  thin  bands  of  flints,  sometimes  concretionary* 
in  which  shells  and  corals  occur.  Associated  with  this  formation, 
on  the  banks  of  the  Dwina,  about  200  wersts  above  Archangel,  and 
south  of  Siisskaia,  are  splendid  bedded  masses  of  white  gypsum, 
which,  for  many  miles,  present  at  a  little  distance  all  the  appear- 
ance of  white  limestone*.  With  these  grand  gypseous  deposits,  in 
which  are  occasionally  large  concretions,  two  or  three  thin  bands  of 
limestone  alternate,  in  one  of  which  the  authors  detected  fossil  shells 
{Avioula)  which  are  new  to  them.  Other  peculiar  bands  near  Ust- 
Vaga,  which  are  rather  higher  in  the  series,  contain  a  ProductuB 
approaching  to  P.  scabriculue,  with  Peciens  and  Corali. 

The  carboniferous  limestone  of  Russia  is  highly  fossiliferous,  and 
from  the  normal  and  unaltered  condition  of  most  of  the  beds,  the 
fossils  are  generally  in  an  excellent  state  of  preservation.  Among 
them  are  many  well-known  British  species,  the  lower  beds  being 
distinguished  by  the  large  Productus  hemi$phericu8  so  well  known 
in  the  same  lower  beds  of  England  and  Scotland ;  and  the  white 
beds  being  loaded  with  many  of  the  species  published  by  Fischer, 
Phillips  and  Sowerby,  such  as  Produetuit  Mortini,  P.  puiwiahu,  8an^ 
guinoiaria  itUcata,  Sjririfer  MosquemU,  Cardimn  aUe/orme,  Cidarii 
vetuiius,  together  with  the  abundant  and  characteristic  Russian  coral, 
Chatitei  radians  (found,  according  to  Mr.  Lonsdale,  in  the  carbo* 
niferous  limestone  of  Bristol,  &c.),  and  the  Lithostrition  floriformUt 
one  of  the  most  characteristic  fossils  of  the  English  carbomferous 
limestone,  &c. 

Owing  to  its  mineral  aspect,  the  age  of  this  rock  had,  till  within 
the  last  year,  been  misunderstood ;  but  Colonel  Helmersen  having 
observed  its  position  in  the  Waldai  Hills  and  its  association  wi£ 
certain  beds  of  coal,  and  having  ascertained  the  nature  of  the  fossili 
through  the  examination  of  M.  von  Buch,  he  first  gave  out  in  Rus- 
sia, that  it  must  be  considered  the  true  mountain  limestone.  The 
authors  have  completely  confirmed  this  view,  by  ascending  and  de« 
soending  sections,  and  have  largely  extended  it. 

Newer  Red  Formations. ^^Tht  manner  by  which  the  authors  were 
led  to  believe  in  the  existence  of  newer  red  deposits,  forming  a  vast 
basin  in  the  governments  of  Vologda,  Nijnii,  Kostroma,  is  explained 
at  some  len^,  by  describing  the  ascending  section  of  the  Dwina, 
and  by  details  relating  to  the  structure  of  Uie  banks  of  the  rivers 
Volga,  Okka,  &c.  They  show  that,  although  this  great  red  series 
of  the  central  government  agrees  with  that  of  the  north,  in  contain* 
ing  salt  and  gypsum,  yet  that  it  differs  from  the  "  old  red  "  group  in 
the  lithological  and  zoological  character  of  its  marls,  limestones,  and 
fine  conglomerates,  none  of  the  fishes  or  organic  remains  before 
alluded  to  being  an3rwhere  discoverable.  In  expressing  their  sus- 
picion that  this  newer  red  system  may  be  found  eventually  to  contain 
the  equivalents  of  the  upper  coal  measures,  lower  new  red  sandstone 

*  See  M.  Roberts's  account  of  these  white  cliffs,  which  he  supposed  to 
be  limestone.— ^wlfoNn  de  la  Soc.OM',  de  A^once,  1840,    . 
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(rokte'todie  Ji§gende),  magnesian  conglomerate,  zeohitein,  and  the 
IViaa  of  Qerman  geologists,  the  aul£on  reaenre  their  opinions  on 
such  details  until  iSkey  have  aecompllBhed  a  tour  to  the  Ural  Moun- 
tains, on  the  western  flanks  of  which  they  hope  to  detect  the  evi« 
dencea  required ;  it  being  very  difficult  to  trace  the  exact  sequence 
in  the  flat  and  obscure  regions  over  which  they  followed  these  de« 
posits  to  so  wide  an  extent. 

Oolitic  or  Jurassic  i80rt>«.*--Certain  rocks  of  the  oolitic  series  have 
been  long  known  to  exist  in  the  centre  of  Russia,  and  some  of  the 
fbasils  of  this  series  were  sent  to  England  by  Mr.  Strangways. 

The  beds  of  black  shale  which  rest  at  once  on  the  great  red  forma« 
tion  along  the  banks  of  the  Volga,  between  Kostroma  and  Nijnii 
Novogorcd,  belong  unquestionably  to  the  middle  oolite,  as  they  con* 
tain  Ammonites  and  Belemnites,  closely  approaching,  if  not  identical  in 
species  with  those  of  the  Oxford  clay  and  "  Kelloway  Rock"  of  Snuth. 
Other  fDssils  foimd  near  Jelatma,  Kacimof  and  Moscow  exhibit 
dose  relations  to  the  fauna  of  the  lias  as  well  as  to  that  of  the  mid* 
die  and  lower  oolite.  Having  examined  a  suite  of  specimens  from 
Moscow,  Professor  Phillips  confirms  the  views  of  the  authcnrs,  who 
are  disposed  to  think  that  the  middle  and  lower  oolite,  as  well  as 
the  lias,  are  all  represented  in  Central  Russia  simply  by  beds  of 
black  shale  with  subsidiary  courses  of  oolitic  marlstone,  concretions* 
&C.  Near  Moscow  these  shales  repose  directly  and  conformably 
upon  the  carix)niferous  limestone.  Among  the  fossils  of  the  group 
on  the  Volga  and  the  Okka  are  Ammonites  flesistria,  A,  OtUielmi, 
A,  Kdnigii,  A.  sublavis,  with  Gryphma  Maccullockii  ?,  &c.  Among 
the  fossils  from  Moscow  are  Ammonites  of  many  species,  some  of 
which  are  figured  by  Fischer,  others  are  described  by  Professor 
Phillips,  fnr  ti^  memoir.  Belemnites  absoluius  (B.  sukfftus,  Miller) ; 
Serffula  tetragona.  Sow.;  Amphideama?  donaci/orme,  Phill,;  Lima 
prtioscideaP,  Sow.;  Pecten  Fisherii,N.8„  Inoceramus  dubius,  Sow.; 
(P.  rugosus,  Fischer)  Terebratula  serrata.  Sow. ;  T.  acuta,  Phill. 
These  forms  characterize  the  lower  oolite  and  lias  of  the  British  Isles. 

Ferruginous  Sand.-^The  shales  of  the  oolitic  series  are  covered 
by  ferruginous  sands,  occasionally  green,  which  contain  large  flat« 
tened  concretions  of  grit  (the  Moscow  millstones);  but  never  having 
observed  fossils  in  &is  rock,  the  authors  are  unwilHng  as  yet  to 
hazard  an  opinion  regarding  its  age.  With  the  exception  of  certain 
very  rec^it  deposits,  these  grits  are  the  youngest  soUd  strata  in  the 
northern  half  of  llussia  in  Europe. 

Ckalk, — ^The  cretaceous  system  is  largely  developed  in  the  south* 
near  Simbirsk,  and  in  the  Crimea ;  but  on  this  occasion  the  authors 
did  not  extend  their  tour  to  the  chalk  districts. 

Tertiary  Deposits, — ^The  white  shelly  limestone  of  Crimea,  and 
its  relations  to  the  underiying  chalk,  have  already  been  described  by 
one  of  the  authors*.  Such  deposits  have  not  yet  been  discovered 
in  any  of  the  northern  or  centnd  regions  of  Russia. 

Post  Pleiocene  (Pleistocene),^^lt  was  formerly  the  general  beliefi 

•  M.  E.  de  Veraeoil, 
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that  the  great  masses  of  superficial  detritus,  whether  clays,  sands  or 
blocks,  which  cover  so  yery  large  an  area  of  the  northern  region* 
were  all  referable  to  one  epoch  (diluvian)  in  which  the  bones  of 
great  extinct  quadrupeds  were  also  imbedded.  The  duration  of  their 
journey  was  not  sufficient  to  enable  the  authors  to  make  many  di- 
stinctions of  age  between  these  different  masses ;  but  they  have 
commenced  this  division  by  the  discovery  of  beds  of  clay  and  sand 
on  the  banks  of  the  Dwina  and  Vaga,  upwards  of  200  miles  south 
of  the  White  Sea,  which  contain  iwenty'two  species  of  shells,  many 
of  which  stiU  preserve  their  colours,  and  which,  having  been  referred 
to  Dr.  Beck,  of  Copenhagen,  have  been  pronounced  by  him  to  be  all 
of  modem  northern  species.  Mr.  Lyell  states  that  they  are  identi* 
cal  vrith  the  Uddevalla  group  described  by  him  in  Sweden.  Mr. 
Smith  adds,  that  these  shells  are  nearly  all  the  same  as  those  which 
he  has  found  in  various  ancient  elevated  sea  bottoms  around  the 
coasts  of  Scotland.  In  referring  twenty  of  these  to  modem  arctic 
species,  Mr.  G.Sowerby  doubts  if  a  certain  Mya  has  ever  been  found 
recent,  and  states  that  a  Cardium,  approaching  to  C.  ciiutfum,  is  dif- 
ferent from  any  northern  form  he  is  acquainted  with,  and  near  to 
certain  Australian  types.  This  discovery,  in  which  they  were  assisted 
by  Count  Keyserling,  who  accompanied  the  authors  in  their  tour  to 
Archangel,  is  conceived  to  be  of  high  geological  interest,  as  it  de* 
monstrates  that,  during  the  quasi  modem  period,  the  whole  of  the 
vast  flat  country  of  north-eafitera  Russia  was  beneath  the  sea  for  a 
considerable  time,  the  eastern  boundary  of  that  sea  being  probably 
the  slopes  of  the  Ural  Mountains. 

Drift  and  Erratic  Blocks, — Overspreading  all  the  formations,  and 
greatly  obscuring  them,  is  a  vast  mass  of  detritus,  the  large  granitic 
and  odier  crystalline  blocks  of  which  have  excited  much  attention, 
from  the  days  of  Pallas  to  the  present  time.  This  detritus,  the  blocks 
of  which  have  all  been  derived  from  the  north,  is  shown  to  have 
been  deposited  under  the  sea,  or  in  other  words,  upon  a  sea  bottom, 
since  it  covers  the  above-mentioned  shells. 

Notwithstanding  the  obscuration  occasioned  by  this  wide-spread- 
ing drift,  it  is  stated  that  the  nature  of  the  subsoil,  or  fundamental 
deposits,  can  often  be  surmised  from  the  colour  of  the  superficial 
clay  and  sand,  and  the  materials  of  small  detritus,  the  surface  of  tiie 
Silurian  zone  being  g^rey,  that  of  the  old  red,  red ;  whilst  the  cover 
of  the  carboniferous  limestone  is  often  charged  with  many  broken 
flints  derived  from  the  underlying  beds  of  that  formation,  some  of  the 
siliceous  fragments  of  which  have  been  transported  forther  south- 
wards, and  spread  over  the  regions  occupied  by  the  newer  red  and 
oolitic  deposits.  Thus,  as  all  the  larger  and  harder  blocks  can  be 
^own  to  have  been  carried  fr^m  the  moimtains  on  the  N.N.W.,  so 
in  passing  to  the  S.S.E.  the  finer  ingredients,  or  matrix  of  the  de- 
tritus, is  found  to  change  by  the  successive  additions  of  materials 
derived  from  the  denudation  of  the  different  members  of  the  palae- 
ozoic series.  There  is  no  instance  of  any  substance  having  been 
transported  from  S.  to  N.,  except  by  the  modem  action  of  streams, 
and  by  local  causes  dependent  on  the  present  configuration  of  the 
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land.  Near  Nijnii  Novogorod  large  blocks  of  a  very  peculiar  trap- 
pean  oonglomerate  were  detected,  which  had  been  derived  from  a 
rock  tfi  siiu  N.  of  Petrazowodsk,  a  distaifce  of  nearly  600  miles.  In 
endeavouring  to  account  for  the  immense  distances  to  which  these 
blocks  had  been  transported,  the  authors  expressed  their  belief  that 
they  had  been  floated  in  former  icebergs,  which  breaking  loose  from 
mudent  glaciers,  which  they  suppose  may  have  existed  in  Lapland  and 
the  adjacent  tractSy  were  dislodged  upon  an  elevation  of  the  northern 
chain,  and  impelled  southwards  into  the  sea  of  that  period,  ia  which 
the  post  pleiocene  shells,  to  which  allusion  has  been  made,  were  ac- 
cumulated. In  the  relation  of  the  blocks  to  the  sea  shells,  they  con- 
ceive that  Central  Russia  presents  an  exact  parallel  (though  on  a 
much  grander  scale)  to  the  phaenomena  described  by  one  of  the  au- 
thors in  the  central  counties  of  England,  where  a  similar  collocation 
"was  accounted  for,  by  supposing  that  the  northern  blocks  were  borne 
thither  in  vessels  of  ice,  which  in  melting  dropped  them  upon  what 
was  then  a  sea  bottom*. 

Glacial  Action, — After  alluding  to  the  works  of  Sefstromf  and 
Botlingk  upon  the  supposed  "  diluvial"  currents  of  Scandinavia  and 
Lapland,  as  evidenced  by  the  parallel  striae  and  polishing  of  the  sur- 
&ce  of  the  hard  rocks  of  these  regions,  the  authors  describe  the  most 
southerly  of  the  scratches,  which  came  under  their  notice  near  Pe- 
tiazowodsk)  on  the  lake  Onega,  no  such  markings  having  anywhere 
been  observed  in  Central  Russia.  They  then  examine  the  applica- 
bility of  the  glacial  theory,  as  proposed*  by  M.  Agassiz,  to  the  tracts 
of  Russia  under  review.  Starting  from  what  they  conceive  to  be  aa 
axiom,  that  the  advance  of  every  modem  glacier  depends  upon  the 
superior  altitude  of  the  ground  behind  it,  they  show,  that  if  certain 
parallel  striae,  observed  by  M.  Botlingk,  and  others  noted  by  them- 
selves, are  to  be  taken  as  proofs  of  the  overland  march  of  glaciers, 
such  bodies  must  often  have  been  propelled  from  lower  to  higher 
levels.  For  the  proofs  of  this  they  refer  to  the  eastern  sides  of  the 
Bothnian  Gulf,  where  M.  Botlingk  found  the  striae  ("  diluvial  schram^ 
men")  directed  in  common  with  the  boulders  from  N.W.  to  S.E.; 
and  yet  any  glaciers  which  bore  these  blocks  must  have  advanced 
from  Scandinavia,  across  the  Baltic  Sea,  and  then  have  ascended 
the  rocky  tract  in  question.  Again,  near  Petrazowodsk,  in  the  isles 
of  the  Isdke  Onega,  the  authors  observed  such  striae  exactly  parallel 
to  the  major  axis  of  the  lake,  N.N.W.  and  S.S.E.,  even  from  a  good 
many  feet  under  the  clear  fresh  water,  and  thence  rising  to  the  height 
of  twenty  feet  above  the.  siunmer  level  of  the  lake  on  the  sloping 
surfaces  of  the  rock.  They  then  argue,  that  in  this  tract  there  are 
no  hiUs  of  suflicient  altitude  on  the  N.N.W.  to  account  for  the  de- 
termined forward  direction  to  the  S.S.E.;  and  as  a  still  further  rea- 
son for  rejecting  the  application  of  the  "  Alpine  glacial  theory"  to 
this  country,  they  add,  that  as  the  striae  in  one  region  have  all  a 
^ven  and  parallel  direction,  so  must  the  supposed  glacier  not  only 

*  Silurian  System,  p.  635  et  seq. 

[t  A  translation  of  M.  Sefstrom's  paper  on  this  subject  will  be  found  in 
Part  Ix.  of  Taylor's  Scientific  Memoirs. — Edit] 

Phil.  Mag,  S.  3.  Vol.  19.  No.  126.  Dec.  1841.  2  K 
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have  moved  on  as  it  were  without  a  cause,  but  also  have  maintained 
an  incredibly  enormous  advancing  front  of  many  hundred  miles  in 
length ! 

Without  pretending  to  offer  a  complete  solution  of  to  difficult  a 
problem,  and  after  stating  that  many  additional  and  even  experi- 
mental researches  are  required  in  relation  to  the  power  of  water, 
drifti  and  ice,  they  cannot  avoid  suggesting  as  a  probable  explana* 
tion  of  the  chief  phsenomena  in  the  North  of  Russia,  that  currents 
strongly  determined  in  given  directions  by  the  elevation  of  the 
northern  continental  masses,  might  dislodge  and  set  in  movement 
icefloes  and  detritus,  which,  grating  upon  the  bottom  of  a  aea,  may 
have  produced  the  parallel  stria.  They  are  the  more  confirmed  in 
tiiis  hypothesis,  by  the  ^t,  that  the  longer  axes  of  the  lakes  and 
stony  ridges  of  Northehi  Russia  have  generally  the  same  directum ; 
so  that  the  supposed  icebergs  and  land  detritus  would  necessarily  be 
borne  in  that  direction.  By  adopting  this  view,  the  existence  of  the 
post  pleiocene  shells  of  the  Vaga  and  the  Dwina,  and  their  relations 
to  the  overlying  drift  from  the  North,  are  in  harmony ;  and  whilst 
admitting  so  much  of  the  glacial  theory  as  to  allow,  that  in  former 
days  glaciers  probably  advanced  further  to  the  South  and  occupied 
many  insulated  tracts,  and  to  a  much  greater  extent  than  at  the 
present  day,  the  geologist,  they  conceive,  is  alone  called  upon  to 
define  and  limit  the  area  of  land  in  Scandinavia  and  I^pland,  once 
covered  with  solid  ice,  in  doing  which  he  must  of  coui*se  exclude 
from  such  agency  the  vast  countries  now  covered  by  erratic  blocks, 
which  he  can  demonstrate  were  deposited  upon  the  bottom  of  the  sea. 

Angular  block-ridges  on  lake  and  river  Banks. — On  the  western 
shore  of  the  great  lake  of  Onega,  the  attention  of  the  authors  was 
directed,  by  Colonel  Armstrong*,  to  three  parallel  ridges  of  large 
angular  blocks  of  hard  grit  (old  red  sandstone  ?),  which  occur  at 
heights,  varying  from  20  or  30  to  150  feet  or  more  above  the  level 
of  the  water.  As  these  blocks  were  identical  in  composition  with 
the  solid  subjacent  rock,  and  also  quite  angular,  it  was  at  once  evi- 
dent that  they  had  not  been  drifted,  but  simply  rent  from  the  solid 
rock  which  forms  that  side  of  the  lake.  On  a  first  inspection,  the 
authors  were  disposed  to  think  that  these  appearances  might  have 
been  caused  by  ujiheaving  or  vertical  shocks  of  earthquakes,  which 
they  presumed  might  be  among  the  last  signs  of  the  great  igneous 
action  which  had  once  been  so  dominant  in  these  northern  tracts ; 
and  they  were  unable  to  account  for  them  satisfactorily,  until  they 
detected  the  results  of  modem  action  of  river  ice,  which  completely 
explained  the  lacustrine  case. 

About  80  miles  above  Archangel  they  met  with  a  ridge  of  large 
Angular  blocks  of  white  limestone  piled  up  between  the  road  on 
which  they  travelled  and  the  river  edge,  and  about  20  or  30  feet 
above  the  stream.  Having  ascertained  that  this  great  river  was  pe- 
riodically subject  to  occasional  extraordinary  rises  in  the  spring,  and 
that  on  those  occasions  it  bursts  and  throws  up  upon  its  banks  blocks 

*  Director  of  the  Imperial  Iron  Foundries  of  Petrazowodsk. 


Digitized 


by  Google 


Geological  Society.  499 

of  ice  to  heights  of  j30  or  30  feet  above  its  ordinary  level,  they  had 
at  once  a  solution  of  the  phsenomenon;  for  the  blocks  of  white  lime- 
stone  had  evidently  formed  parts  of  the  subjacent  strata,  which, 
projecting  into  the  mud  and  water  on  the  edge  of  the  Dwina,  had 
been  first  entangled  in  ice,  and  rent  off  at  their  natural  joints  upon 
the  expansion  of  the  ice  by  which  they  were  upheaved  into  their 
present  position,  taking  their  present  irregular  talus  shape  when  the 
ice  melted  away  from  thenu  Believing,  therefore,  that  the  angular 
ledges  on  the  lake  of  Onega  were  similarly  formed,  the  authors  see 
in  them  the  proofs  of  the  lakes  of  Northern  Russia  having  formerly 
stood  at  much  higher  levels,  from  which  the  waters,  they  suppose, 
have  been  let  off  by  successive  elevations  of  the  land ;  and  they  fur- 
ther think,  that  the  diminution  of  shallow  lakes,  and  the  conversion 
of  marshes  into  land  within  the  historic  period  in  Northern  Russia, 
strongly  corroborate  the  rise  of  this  portion  of  the  earth. 

Conclusion, — In  recapitulating  the  chief  point  t>f  the  first  and  prac- 
tical part  of  their  Memoir,  wherein  they  establish,  they  trust,  on  a 
sound  basis,  the  general  classification  of  the  Palaeozoic  Rocks  of 
Russia  in  Europe,  the  authors  remark,  that  the  fact  of  some  of  the 
deposits  of  such  high  antiquity  being  found  to  stretch  in  horizontal 
and  almost  unbroken  sheets  over  spaces  of  a  thousand  miles  in  length, 
in  a  very  slightly  solidified  or  lapidified  state,  is  the  more  interesting 
when  coupled  with  the  absence,  throughout  the  same  regions,  of  all 
plutonic  or  igneous  rocks.  This  phenomenon  must,  it  is  conceived, 
exercise  considerable  influence  upon  geological  theory,  it  being  now 
Miparent,  that  the  lithological  nature  of  the  most  ancient  subsoil  of 
Kussia  in  Europe  is  such  as  to  compel  geologists  to  reject  the  con- 
clusion, that  in  proportion  to  their  antiquity  the  strata  have  been 
hardened  or  cr3rstallized  by  any  general  radiation  of  central  heat; 
for  in  these  wide  tracts  such  crystalline  and  hardened  state  is  clearfy 
seen  to  be  purely  metamorphic,  and  dependent  exclusively  on  the 
vicinity  of  rocks  of  igneous  protrusion,  in  receding  from  which  to 
the  Soudi  all  the  strata  described  are  at  once  found  in  their  normal 
toft  condition. 

In  taking  leave  of  the  Society,  the  authors  explained  some  of  the 
chief  objects  of  their  journey  to  the  Ural  Mountains,  Orenburg,  &c., 
on  which  they  were  about  to  proceed. 

Note. — ^After  these  sheets  were  sent  to  press,  Mr.  Murchison  re- 
ceived letters  from  his  friends  and  fellow-travellers,  the  Baron  A.  de 
Meyendorf  and  Count  A.  Keyserling,  in  which  ^e  researches  of 
these  gentlemen  in  the  South  of  Russia  are  explained.  These>  let- 
ters communicate  important  additions  to  the  results  already  offered 
to  the  Greological  Society,  particularly  in  regard  to  the  extension 
and  development  of  the  carboniferous  system.  The  geological  map 
which  has  been  prepared  by  their  labours,  and  firom  those  of  other 
Russian  authorities,  agrees  with  that  of  Mr.  Murchison  and  M.  de 
Vemeuil,  exhibited  to  the  Society,  in  the  fundamental  classification 
of  the  rocks  which  occupy  the  northern  and  central  governments  of 
Russia,  and  in  the  lines  of  demarcation  between  the  Silurian^  Devo- 
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nian  or  Old  Red,  Carboniferous,  Newer  Red,  and  Oolitic  Systems ; 
"but  it  is  copiously  enlarged,  by  showing  the  extension  of  tiie  car- 
boniferous system  over  a  very  wide  area,  ranging  from  near  Witepsk, 
by  the  south  of  Tula  and  Kaluga,  to  the  S.E.  of  Cazan.  A  vast 
spread  of  chalk  and  tertiary  deposits  directly  overlies  these  carbo- 
mferous  limestones,  which  rise  again  from  beneath  these  3roanger 
formations  in  the  great  carbonaceous  tract  of  the  Donetz,  the 
southern  edge  of  which  consists  of  the  granitic  steppe.  A  sec- 
tion made  by  Count  Keyserling  and  Professor  Blasius  to  the  south 
of  Kaluga,  indicates  a  succession  from  what  these  naturalists  be- 
lieve to  be  the  lower  beds  of  the  carboniferous  limestone,  contain- 
ing Spirifer  Mosquensis,  into  superior  strata  of  sand  and  shale 
with  coal,  subordinate  to  bands  of  limestone  containing  the  Pro^ 
ductus  kemisphericus,  the  coal  being  associated  with  much  red  earth, 
amd  overlaid  by  the  upper  carboniferous  limestone.  They  also 
express  their  belief 'that  ^e  millstone  grits  which  have  been  idluded 
to  near  Moscow  must  be  considered  of  tertiary  age,  as  similar  beds 
overlie  true  chalk. 

Mr.  Murchison  takes  this  opportunity,  in  the  name  of  his  friend 
M.  de  Vemeuil  and  himself,  of  recording  his  sense  of  the  value  of 
the  additional  data  which  are  due  to  the  labours  of  Baron  de  Mey- 
endorf  and  his  associates,  and  trusts  that  after  an  exploration  of  the 
flanks  of  the  Ural,  and  other  tracts  near  Orenburg  and  in  the  South, 
all  the  chief  facts  will  have  been  obtained  for  the  construction  of  a 
general  geological  map  of  Russia  in  Europe. 

Count  Keyserling,  who  has  traced  the  shales  with  Ammomtes 
near  Ust-Sisolsk  (N.  Lat.  61°,  E.  Long.  51°»),  has  indeed  contri- 
buted most  powerfully  to  these  results,  both  by  his  patient  obser- 
vation, sound  knowledge  of  natural  history,  and  by  his  barometrical 
admeasurement  of  heights, — a  point  of  great  geological  importance 
in  those  central  parts  of  the  country  where  the  strata  are  not  de- 
ranged. By  one  of  his  observations,  it  appears,  that  the  younger 
pleiocene  deposits  on  the  Dwina,  which  he  detected  in  company 
with  M.  de  Vemeuil  and  Mr.  Murchison,  are  about  150  feet  above 
the  White  Sea.  Count  Keyserling,  now  at  St.  Peterburgh,  will 
accompany  the  authors  in  their  journey  to  the  Ural  Mountains  this 
summer. — March  26. 

LXXIV.   Intelligence  and  Miscellaneous  Articles. 

MR.   BRAYLEY*8  LECTURES  ON   IGNEOUS   METEORS   AND 
METEORITES. 

rpHE  following  is  the  Syllabus  of  a  Course  of  Lectures  on  Igneous 
'*-  Meteors  and  Meteorites  which  I  am  about  to  deliver  at  the  London 
Institution,  as  announced  in  our  last  Number,  p.  414,  as  it  has  been 

*  Similar  Jurassic  beds  had  been  previously  observed  by  M.  Strajcske 
in  the  N.  Ural,  Lat.  64°  north,  and  their  fossils  are  described  by  M.  Leopold 
de  Buch  in  his  recent  work^  *  Bcitrage  zur  bcstimmung  dcr  Gcbirgs-forma- 
tioiieu  in  Russ-land.* 
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printed  for  distribution  among  the  Proprietors  of  the  Institution  and 
other  attendants  on  the  Lectures.  It  contains  indications  of  certsdn 
vievs  on  the  subjects  of  the  Course,  to  which  I  may  hereafter  have 
occasion  to  refer.  

Lbctitrb  I.  Thursday,  November  11,  1841. — ^Introduction :  con-* 
nexion  of  the  subject  with  that  of  the  course  on  Igneous  Geology 
delivered  last  year ;  the  operation  of  Heat  on  certain  kinds  of  matter, 
'whether  in  Meteors  or  in  the  crust  of  the  earth,  produces  crystalline 
mineral  aggregates  or  rocks.  History  of  our  knowledge  respecting 
Meteorites  or  Meteoric  rocks.  The  fall  from  the  heavens  of  stones 
and  blocks  of  iron  recorded  by  the  historians  and  naturalists  of 
Classical  Antiquity  and  the  Middle  Ages.  The  statements  of  those 
and  subsequent  writers  disbelieved  in  more  recent  times ;  but  their 
truth  demonstrated,  and  the  descent  of  such  bodies  from  Igneous 
Meteors  established  as  a  fact  in  science  early  in  the  present  cen-> 
tnry.  Fall  of  a  large  stone  in  Yorkshire  in  1795 — of  a  shower  of 
stones  from  a  Meteor,  near  Benares,  in  India,  in  1798 — of  a  shower 
of  several  thousand  stones  at  L'Aigle,  in  Normandy,  in  1803. 

Lectubb  II.  Nov.  18. — Phsenomena  of  those  Meteors  which  as- 
sume the  form  of  BaUs  of  Fire,  and  are  thence  called  Igneous  Meteors 
and  Fire^Balls,  The  Meteor  which  passed  over  Great  Britain  in 
1783  taken  as  an  example.  Figure  and  aspect  of  Igneous  Meteors 
in  general,  with  pictorial  illustrations.  Their  light  more  intense 
than  that  from  any  other  source  except  the  Sun :  their  velocity  equal 
to  that  of  the  planets  and  relatively  much  greater.  Their  height 
above  the  Earth's  surface — their  explosions — the  luminous  tracks 
they  leave  in  the  sky.  Some  throw  down  red-hot  stones,  others 
blocks  of  iron.  Fall  of  a  shower  of  stones  from  a  great  Meteor 
which  appeared  in  North  America  in  1807.  More  recent  instances 
in  India,  Russia,  Germany,  the  British  Islands,  the  South  Sea  Islands, 
Brazil,  and  Southern  Africa.  The  most  recent  authenticated  in* 
stance — ^that  of  a  large  stone  which  fell  at  Ch^feau-Ilenard,  near  Or- 
leans, on  the  12th  of  June,  1841.  Other  Fhaenomena  attending  the 
^Edl  of  Meteorites  described  and  illustrated. 

LscTURB  III.  Nov.  25. — The  nature  of  Meteoric  Stones,  their 
mineralogical  characters  and  constitution,  and  chemical  composition, 
illustrated  by  specimens.  The  immense  blocks  of  metallic  iron,  some 
many  tons  in  weight,  found  on  the  surface  of  the  earth  in  various 
countries,  especially  in  Africa  and  cA^merica,  all  cast  down  by  Me- 
teors. Observed  fall  of  such  a  block,  in  Hungary,  in  1751.  The 
peculiar  nature  of  Meteoric  Iron  illustrated.  Meteoric  stones  and 
iron  form  one  class  or  series  of  bodies,  collectively  termed  Mbtbo- 
RiTBs,  or  Meteoric  rocks.  Some  meteorites  minersJogically  identical 
with  certain  volcanic  rocks :  these  two  classes  of  rocks  stiU  perfectly 
'distinct:  both  of  igneous  origin,  but  the  production  of  the  one  at- 
tended by  meteoric  phsBUomena  in  the  atmosphere  or  the  planetary 
spaces,  and  of  the  other  by  volcanic  phsenomena  within  the  Earth's 
crust.     Final  illu^rations  of  the  peculiar  characters  of  Meteorites. 

Lecture  IV.  Dec.  2. — ^The  problem  of  the  origin  of  Meteorites 
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diacossed.  Kxamination  of  some  of  the  hypotheses  by  which  its  so« 
lution  has  been  attempted,  and  in  which  meteorites  have  been  sap- 
posed  to  originate  in  the  Earth  or  its  atmosphere — ^the  Tolcanos  of  the 
Moon-— other  planets — the  Sun — the  planetary  spaces— more  di- 
stant parts  of  the  Universe — ^to  be  themselves  minute  planets  or  sa- 
tellites, fragments  of  planets  which  have  been  destroyed,  or  matter 
preparing  for  the  formation  of  new  worlds.  Relations  of  tiiis  sob^ 
ject  to  that  of  the  identity  or  similarity  of  Fire-Balls  and  the  meteora 
called  Shooting  Stars :  recent  sunultaneons  appearance  at  distant  parts 
of  the  globe  of  showers  of  shooting  star»— their  alleged  periodicity. 
Manifest  connexion  between  the  physical  and  chemical  characters 
of  Meteorites  and  the  phaenomena  which  attend  their  £edl ;  the  farmer 
illustrated  from  the  molecular  constitution  of  the  stony  lavas,  in  the 
flowing  state :  resulting  inferences  as  to  the  intimate  nature  of  Igneous 
Meteors.  Connexion  of  this  branch  of  the  subject  with  many  im- 
portant objects  of  inquiry  in  Meteorology,  Astronomy,  and  Geology. 
Conclusion,  

The  illustration  of  the  characters  of  meteorites  from  the  molecular 
constitution  of  the  stony  lavas,  in  the  flowing  state,  to  be  idluded  to 
in  the  concluding  lecture,  arises  from  the  application  to  the  subject 
of  Meteorites,  of  certain  considerations  denved  from  Mr.  Scrape's 
inductions  respecting  the  constitution  of  lava  and  the  nature  of  its 
apparent  fluidity.  I  have,  for  the  last  four  years,  been  in  the  habit 
of  explaining  apid  supporting  those  inductions,  in  lectures  on  Igneous 
Geology.  The  following  is  the  manner  in  which  I  have  most  re- 
cently treated  this  subject,  as  stated  in  the  Syllabus  of  some  lectures 
on  Igneous  Geology  ddivered  at  Clapham  in  June  last,  in  sequence  of 
others  given  by  Dr.  Mantell  on  those  departments  of  geological  and 
palaeontologiod  science  to  which  his  own  discoveries  and  researches 
have  so  greatly  contributed. 

"  Currents  of  Lava — ^their  particular  Nature  and  History— the 
Minerals  of  which  they  are  constituted. — Stony  Lavas^-Graystone 
\ — ^Trachyte — ^Basalt. — Glassy  Lavas — ^Obsidian — ^Pitchstone — ^Peari- 
stone — ^Pumice. — Alternate  production  of  Stone  and  Glass  from  the 
same  Materials,  both  in  Volcanic  and  in  Artificial  Operations. — Cir- 
cumstances under  which  this  takes  place. — ^Difieienoe  between  the 
Molecular  Constitution  of  the  Stony  Lavas  and  that  of  the  Glassy, 
in  the  flowing  state. — Important  theoretical  bearings  of  this  brandi 
of  the  subject."  E.  W.  B. 

LondoB  IsstitutioD,  Nov.  8,  184L  • 


ACTION  OF  8ULPHUBIC  ACID  ON  PROT08ULPHATE  OF  lEON. 

M.  Callond  states,  that  when  cold  concentrated  sulphuric  add  is 
added  to  protosulphate  of  iron,  the  acid  becomes  of  a  red  colour, 
vHiich  is  more  or  less  intense.  When  the  sulphuric  acid,  on  ac- 
count of  its  deficient  density,  or  any  organic  matter  which  it  may 
contain,  does  not  produce  the  eflfect,  a  drop  or  two  of  nitric  acid 
rapidly  produces  it,  without  the  af^plicatioii  of  heat^^Vosrso/  de 
CAtmie  Midicale,  June,  1641. 
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MET£OROLOGlCAL  OBSERVATIONS  FOR  OCT.  1841. 

Ckitwick. — October  L  Thick  baze :  cloudy.    2.  Very  fine.    3.  Cloudy:  rain. 

4.  Fine :  rain  at  night.  5.  Cloudy :  rain.  6.  Fine :  cloudy :  clear  at  night. 
7.  Hue  train.  8.  OTercast:  slight  rain.  9.  Cloudy:  rain.  ]0.  Orercast: 
run.  II.  Very  fine:  rain,  12.  Hea^y  showers.  13,  Fine:  stormy  with  rain 
at  night.  14.  Boisterous.  15.  Heavy  rain.  16.  Rain :  densely  clouded :  rain 
at  night.  17.  Overca&t:  stormy.  18.  Clear  and  windy:  rain  at  night.  19. 
Cloudy:  fine.  21.  Clear:  frosty  at  night.  22,  23.  Orercast:  rain  at  night. 
84.  Cloudy.  25.  Overcast :  foggy.  26.  Foggy:  stormy  with  rain  at  night.  27. 
Boisterous  with  very  heavy  rain.  28—- SO.  Rain.  There  were  only  four  days  in 
the  month  on  which  rain  did  not  fall,  leaving  a  proportion  of  wet  days  perhaps 
unequalled  in  the  neighbourhood  of  London. 

BoUan. — Oct.  1.  Fine :  rain  yesterday  p.it.     2.  Fine.     3,  4,  Fine :  rain  p.m. 

5.  Rain:  rain  early  A.M.  6.  Cloudy :  rain  early  a.m.  7.  Fine.  8.  Fine:  rain 
rjc  9.  Fine.  10.  Cloudy:  rain  r.M.  11.  Fine.  12.  Cloudy :  rain  early  a.m. 
13.  Fine:  rain  r.ic  14.  Cloudy.  15.  Cloudy:  rain  early  a.m.  16.  Rain: 
rain  early  a.m.  17.  Rain  :  rain  early  a.m.  :  stormy  night.  18.  Stormy.  19. 
Cloudy :  rain  early  A.M.  20.  Stormy:  rain  at  night.  21,22.  Fine.  23.  Rain. 
24.  Cloudy :  rain  early  a.m.  25,  26.  Fine.  ^.  Cloudy :  rain  r.x.  28,  29. 
Stormy:  rain  early  a.m.    SO.  Stormy :  rain  early  a.m.  :  rain  p.m.    31.  Cloudy. 

Applegarlh  MansCf  Dumfrit$-'thire, — Oct.  1.  Rain  for  an  hour.     2t  Fine  clear 
son^ne.    3.  Dull,  cold  and  rainy.     4.  Fair  but  dulL     5.  Showery  afternoon. 

6.  Wet  nearly  all  day.  7,  8.  Dropping  day.  9.  Fair  but  threatening,  la  Wet 
all  day.  11.  Wet  aiternoon.  12.  Heavy  rain  a.ii.:  cleared  up.  13,  14.  Heavy 
rain  P.M.  15 — 17.  Showers.  18.  Fair  throughout.  19.  Showery  afternoon : 
frost  A.M.  2a  Very  heavy  rain.  21.  Fair  and  frosty.  22.  Frost  a.m.  :  cloudy 
and  moist  p.m.  23.  Showers.  24.  Fair  but  cloudy..  25.  Fair  and  clear.  26 
— 28.  Fair  and  bracing.  29.  Fair  and  bracing :  frost.  30.  Fair  a.m^,  but 
showers  P.M.    31.  Slight  showers. 
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LONDON,  EDINBURGH  and  DUBLIN 

PHILOSOPHICAL  MAGAZINE 

AND 

JOURNAL  OF  SCIENCE. 

SUPPLEMENT  to  VOL.  XIX.  THIRD  SERIES. 


LXXV.  On  an  extraordinartf  Magnetic  Disturbance  recently 
observed  at  Greenwich.  By  G.  B.  Airy,  JSsj,,  M.A.^  RILS,f 
Astronomer  Royal*. 

I^N  the  25th  of  September  of  the  present  year,  a  most  ex- 
^^  traordinary  disturbance  of  the  magnetic  instruments  was 
observed  at  the  Magnetic  Observatory  attached  to  the  Royal 
Observatory  of  Greenwich.  The  disturbed  state  of  all  the 
instruments  attracted  the  attention  of  Mr.  Giaisher  (chief  as- 
sistant in  the  magnetic  department),  at  an  early  hour  of  that 
day,  and  he  immediately  commenced  a  series  of  observations 
on  all  the  instruments,  at  short  intervals.  After  a  time,  the 
disturbance  became  so  small  that  the  extraordinary  observa- 
tions were  discontinued ;  but  it  again  increased,  and  observa- 
tions were  arain  immediately  made  with  all  the  instruments, 
and  repeated  as  rapidly  as  it  was  possible  for  one  observer  to 
do  so.  But  for  the  promptitude  and  judgement  displayed  by 
Mr.  Giaisher  on  this  occasion,  the  record  of  this  disturbance, 
unprecedented  in  this  magnetic  latitude,  would  probably  have 
been  lost.  The  following  statement  will  give  an  idea  of  the 
magnitude  of  the  disturbance: — that  within  eight  minutes  of 
rime,  the  declination  needle  changed  its  position  more  than 
2^^  (having  passed  in  both  directions  the  range  of  the  obser- 
ving telescope,  which  includes  that  angle) ;  that  the  vertical 
force  was  increased  by  more  than  l-40th  of  its  whole  value, 
the  instrument  having  then  reached  the  extremity  of  its  range; 
and  that  the  horizontal  force  was  increased  about  1-SOth  of  its 
whole  value. 

The  following  more  detailed  account  is  taken  principally 
from  the  abstract  furnished  by  Mr.  Giaisher.  It  is  to  be  re- 
marked, that  the  time  throughout  is  Gottingen  mean  solar 
time,  civil  reckoning:  that  the  readings  of  the  theodolite  for 

•  From  a  paper  printed  for  private  circulation,  and  kindly  communi- 
cated bv  the  Author. 
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the  declination  needle  increase  as  the  north  end  of  the  needle 
moves  towards  the  e&st,  and  that  the  reading  for  the  astro- 
nomical meridian  is  269^  51'  ^B"  nearly ;  that  the  increasing 
readings  of  the  vertical- force  magnetometer  imply  increasing 
vertical  force,  one  division  being  equal  to  0*000471  of  the 
whole  vertical  force ;  and  that  the  increasing  readings  of  the 
horizontal-force  magnetometer  imply  increasing  horizontal 
force,  one  division  being  equal  to  0*0022 14  of  the  whole  ho- 
rizontal force. 

Early  in  the  morning  of  Sept,  25,  the  needles  were  in  an  agi- 
tated state.  During  the  appearance  of  an  aurora,  additional 
observations  were  taken;  and  the  declination  needle  in  less 
than  three  hours  traversed  an  arc  of  Si'.  After  this  die  needles 
were  in  a  tolerably  quiet  state,  and  extraordinary  observations 
were  discontinued. 

The  observation  at  10**  a.m*  showing  a  change  of  17'  of 
arc  from  the  previous  reading,  at  8^  a.m.,  extra  observations 
were  again  resumed,  and  continued  till  11**  a.m.;  nothing  re- 
markable appearing  during  this  time,  they  were  again  discon- 
tinued. 

At  2^  p.m.,  Giittingen  mean  time,  it  was  evident  that  all 
the  needles  were  affected  by  some  unusual  cause  of  disturbance^y 
and  incessant  observations  were  at  once  commenced,  the  in- 
struments being  observed  successively,  as  quickly  as  one  ob- 
server could  take  them.  At  8^  53°^  Mr.  Hind  joined,  and 
subsequently  Messrs.  Dunkin  and  Paul.  From  this  time  to  the 
discontinuance  of  the  observations  two  persons  were  constantly 
engaged,  one  taking  the  observations  with  the  verticai*foroa 
magnetometer,  the  other,  those  of  the  declination  needle  and 
of  the  horizontal-force  masnetometer.  About  2^  40°^  p.nu, 
the  motions  of  the  needles  i>ecame  very  peculiar ;  the  vibra- 
tions of  the  declination  needle  and  of  tne  vertical-force  mag- 
netometer being  quite  destroyed;  and  those  of  the  horizontal- 
force  magnetometer  being  reduced  to  a  continuous  successicm 
of  jerks  or  starts.  It  will  perhaps  contribute  to  clearness  if 
the  motions  of  the  three  instruments  are  now  separately  de- 
scribed. 

Declination  Needle. — Every  change  in  this  instrument  from 
one  position  to  another  was  by  sudden  impulses ;  after  each  of 
these  it  was  stationary,  for  intervals  varying  from  5^  to  80' ; 
then  it  was  forced  again  to  another  position,  and  was  again 
stationary  without  the  slightest  motion;  and  so  on  success- 
ively. 

At  3**  30^  the  changes  from  one  position  to  another  became 
very  decided,  but  the  motions  still  partook  of  the  same  cha- 
racter; absolute  rest  and  jerking  motion  followed  alternately  f 
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in  2^  or  3'  the  needle  frequently  moved  through  many  mi- 
nutes of  arc,  and  then  suddenly  became  stationary  again. 

At  S^  S6^  20*  p;m.,  a  bold  sweep  carried  the  north  end 
of  the  needle  towards  the  west  56'  of  arc,  in  one  minute 
or  time;  at  S*"  37"*  20»  the  theodolite  read  245^  22'  —  ;  and 
for  two  minutes  after  this  time  the  cross  carried  by  the  needle 
was  out  of  range  of  the  telescope  *,  being  in  a  position,  in 
which,  if  the  telescope  had  been  exactly  directed  to  it,  the 
theodolite  would  have  read  less  than  245''  22',  At  3*  40"»  20« 
p^m.,  Gottingen  mean  time,  the  needle  had  moved  back  25'; 
at  S^  43"»  50»  the  theodolite  read  246°  19' ;  at  S^  44»  20«  the 
needle  had  moved  so  far  (north  end  towards  the  east))  that  the 
theodolite  reading  was  247°  38'  + ,  and  the  cross  carried  by  the 
needle  was  out  of  range  of  the  telescope  on  the  opposite  side. 

This  extraordinary  magnetic  stride  of  more  than  2^<*,  was 
traverMd  in  about  8"^^  the  extremes  being  only  separated  by 
that  interval  of  time. 

At  both  extremities  the  needle  was  without  swingi  all  no- 
nMBtiim  from  such  a  wide  sweep  being  quite  destroyed. 

After  remaining  at  this  place  for  more  than  two  minufte% 
the  needle  slowly  returned,  and  at  ^^  W^  54>  the  theodolite 
read  246''  27' ;  at  S^"  53°"  21>  it  read  246°  37'.  Wit6in  5^  after 
this,  another  bold  sweep  carried  the  cross  out  of  the  range  of 
the  telescope ;  when  found,  at  3^  54°^  40^  the  theodolite  read 
945<'  31'±  ;  instantaneously  it  rushed  back,  with  a  violently 
agitated  motion,  across  and  out  of  the  field  on  the  other  side; 
the  circle-readine,  at  3*>  55^  0^,  was  246°  43'+,  and  there- 
fore this  arc  of  1    12'+  was  passed  over  in  20^  of  time. 

This  was  the  last  very  great  excurdon ;  the  needle  was  in- 
cessandy  watched  for  9**  longer,  during  which  time  it  was 
much  agitated.  The  most  remarkable  changes  are  the  fol* 
lowing : — 

h    m     8  ^     ' 

At  4  25  36  p.m.,  Gottingen  mean  time,  theodolite  read  246    8 

31  36                        ...                        ...  34 

49  36                        ...                        ...  8 

55  36                         ...                         ...  21 

5  46  37                         ...                         ...  10 

•  This  arose  from  the  great  inclination  of  the  axis  of  the  collimator  (carried 
by  the  magnet)  to  the  magnetic  meridian ;  in  consequence  of  which,  the 
pencil  of  rays  passing  through  the  object-glass  of  the  collimator  was  thrown 
entirely  on  one  side  of  the  object-glass  of  the  theodolite.  In  ordiriaiy 
cases,  the  change  of  angle  has  been  sufficiently  slow  to  allow  the  observer 
to  riiift  the  suspension  of  the  magnet,  but  the  rapid  changes  on  Sept.  25 
did  not  allow  tne  observer  to  leave  his  place.  Observations  with  the 
minror  in  Gauss's  manner  are  free  from  this  inconvenience. 
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At 


fa    m     < 

0     ' 

,  5  50  87  p.m., 

Oottiiigen  mean  time,  theodolite  read  346  30 

6    0  30 

8 

33  37 

26 

46  36 

32 

7  16  38 

25 

31  38 

46 

56  88 

87 

8  33  38 

28 

9  18  38 

48 

38  88 

51 

10  10  39 

58 

41  89 

89 

46  39 

46 

11  45  40 

80 

12  52  40 

47 

It  is  to  be  remembered,  that  increasing  readings  denote  that 
the  north  end  of  the  needle  moves  towards  the  east 

Vertical-Farce  Magnetometer. — The  vertical-force  magneto- 
meter was  as  much  affected  as  the  declination  instrument 
The  disturbances  of  its  vibrations  were  very  similar,  except 
that  it  was  frequently  much  longer  in  the  stationary  state,  its 
times  of  rest  varying  from  5*  to  2°* ;  at  the  end  of  each  of  these 
it  jumped  on,  then  was  again  still,  and  so  on« 

This  instrument  had  been  much  affected  early  in  the  morn- 
ing; the  extent  of  its  excursions  being  between  57^*9,  and 
44^*1  on  the  scale.  The  following  are  scale-readmgs,  com- 
mencing with  noon: — 


h    m    I 

d 

At  0    0    0  (noon),  Gottingen  mean  time,  scale-reading 

44-0 

1  47  30  p.m. 

•  •  •                     • .  • 

47-8 

57  30 

48-1 

2    7  30 

500 

3  15  21 

550 

16  21 

55-9 

21  26 

67-9 

22  21 

58-3 

22  51 

59-0 

23  21 

60-3 

23  51 

60-3 

24  21 

60-4 

26  21 

630 

27  51 

63-2 

•       31  21 

67-0 

32  21 

69-5 

32  51 

71-2 

84  21 

81-3 

34  51 

95^0 
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At  S^  S5^  21S  the  marked  end  of  the  needle  (which  is  to- 
wards the  east,  die  needle  being  transverse  to  the  magnetic 
meridian)  was  resting  on  the  eastern  Y,  or  apparatus  intended 
for  guarding  the  needle,  dipping  as  much  as  the  frame  per- 
mitted it,  and  held  there  apparently  by  a  great  power ;  in 
this  situation  it  remained  for  ten  minutes,  till  S**  45™. 

h    m    s  d 

At  3  45  42  p.m.,  Oottingen  mean  time,  scale  read  73*1 
46  23  ...  ...  68-9 

50  31  ...  ...  63*4 

57  38  ...  ...  57-7 

58  58  ...  ...  55*6 

4  13  36  ...  ...  62*9 

29  26  ...  ...  66*9 

5  21  37  ...  ...  55*6 

...  ...  60*  o 

...  ...  do*« 

...  ...  DO'S 

...  ...  53*8 

50*3 

.     45*6 

40*9 

• . .  ...  o3*7 

861 

About  6**  19™  p.m.,  the  needle  assumed  a  steadier  appear- 
ance, having  a  motion .  something  like  vibration,  but  exceed- 
ingly irregular. 

Horizontal 'Force  Magnetometer.  —  The  horizontal-force 
magnetometer  was  not  less  affected  than  the  other  two  instru- 
ments. The  effect  on  its  vibrations  was  however  peculiar  to 
itself:  in  the  midst  of  its  swings  it  was  suddenly  checked,  and 
held  in  that  place  for  a  second  or  two,  then  hurried  back- 
wards, again  suddenly  stopped,  and  then  forced  back  in  the 
contrary  direction;  these  checks  were  sometimes  at  5%  some- 
times at  10",  after  arriving  at  its  limit.  They  were  most  stri- 
king. From  experience  with  this  instrument  we  are  accustomed 
to  look  for  an  almost  imperceptible  motion  at  the  extremities 
of  the  vibrations,  then  to  see  it  move  slowly  in  the  opposite 
direction,  quickly  in  the  centre  of  swing,  slowly  towaras  die 
end,  then  return,  and  so  on ;  but  to  see  it,  almost  in  the  same 
instant,  moving  rapidly  and  absolutely  modonless,  was  very 
striking  and  strange  to  the  observers. 

This  instrument  was  less  affected  in  the  early  part  of  the 
day  than  either  of  the  others.  About  noon  it  showed  signs 
of  being  under  the  influence  of  some  disturbing  cause :  the 
scale  then  read  55^*8;  at  1**  50°^  the  reading  increased  to 
£8<i*6;  at  2^  ()» to  69^'S ;  at  2^  10»  to  60^*1 ;  it  then  oscillated 


55  37 

6  19  7 

7  17  8 

35  8 

9  22  9 

Sept.  25. 

11  0  39 

Sept.  26. 

0  58  25  &.m, 

1  3  25 
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between  &^  and  61^  till  ^^  1I»,  the  scale  then  reading  59^*7. 
The  disturbances  now  became  as  surprising  as  those  with  the 
other  needles ;  a  steady  and  rapid  increase  of  scale-reading 
took  places  with  a  strange  jerking  motion. 
■      h    m    ■  d 

At  3  14  48  p.m.»  Oottingen  mean  time,  the  scale  read   61*4 
21     3  ...  61-2 

27  26  ...  ...  64-2 

28  6  ...  ...  64-4 

28  46  ...  ....  64-8 

38  16  ...  ...  73-6 

38  66  ...  ...  73-2 

Then  there  was  a  remarkable  start  to  78^'0 ;  and  here  it 
remained  stationary  from  8^  89"*  to  3*^  48"*,  when  it  started 
back. 

h    m     B 
At  3  47  41  p.m.,  Oottingen  mean  time,  the  scale  read 
56  31 
4    0  51 


,8  55 
15  11 
47  41 


d 
69-9 
65-6 
63-7 
631 
64-6 
61-4 


Then  the  reading  increased  a  little,  and  then  gradually 
decreased,  till  5^  58"*  12«  p.nL»  Gottingen  mean  time,  when 
it  read  57^'8 ;  it  then  increased  to  6^  16"*  \t%  when  the  scale 
read  62^-1. 

It  then  oscillated  between  58<^  and  60^,  until  7^  25"*  13% 
when  a  sharp  diminution  to  53^*9  took  place.  The  readings 
alternately  increased  and  decreased  for  the  next  six  hours, 
oscillating  all  the  time  between  53^  and  57^. 

From  the  preceding  account  it  will  be  seen,  that  the  mag- 
netometers were  more  affected  on  this  day  than  ever  before^ 
and  that  the  great  disturbance  affected  the  three  instruments 
at  the  same  time. 

The  most  abrupt  and  violent  fluctuations  of  the  meridian 
needle  occurred  between  3*^  36"*  and  3*^  46"*.  At  3^  35"*  21» 
the  vertical-force  magnet  went  bevond  the  scale ;  at  3^  45"*  it 
again  came  on.  The  horizontal-force  needle  began  its  great 
deflexion  before  3**  38™  16*;  it  was  over  at  3^48"*|  and, 
probably,  had  there  been  an  observer  at  each  instrument,  it 
would  have  been  found  that  the  effects  on  all  were  simultane- 
ous. Such  was  Mr.  Glaisher's  impression  while  observing ; 
but  (as  he  remarks)  the  startling  and  bewildering  effect  of  so 
great  changes  was  such,  that  all  that  he  could  do  was  to  make 
such  observations  as  seemed  practicable,  with  a  view  of  di»« 
covering  the  txteui  of  such  extraordinary  disturbances. 
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After  this  great  disturbance  the  irregularities  were  still  very 
great;  the  horizontal-force  and  the  vertical-force  magneto- 
meters partook  of  similar  disturbances  throughout  With  a 
few  trifling  exceptions,  an  increase  of  force  in  one  was  accom- 
fNUiied  with  an  increase  of  force  in  the  other,  and  so  also  with 
respect  to  the  decrease  of  force. 

The  declination  magnet  has  certainly,  however,  one  great 
deflexion,  in  which  the  others  have  no  share;  that  which  oc- 
curred between  8^  64?"*  40«  and  S^  65^  OS  where  an  arc  of 
1^  12'  was  described  in  20^.  Nothing  similar,  at  this  time,  is 
shown  by  either  of  the  other  needles. 

In  addition  to  the  observations  contained  in  this  account, 
ample  and  abundant  observations  were  taken  to  obtain  every 
variation  of  the  vertical  force,  and  also  observations  of  the 
declination  and  horizontal-force  magnetometer,  sufiicient  to 
show  every  great  change  and  nearly  all  the  small  ones,  until 
Sept.  26^  1^  a.m.,  when  the  observations  were  discontinued. 

At  4^  40"*  an  observation  of  the  dip  was  taken ;  giving  a 
result  greater  than  ordinary. 

The  day  (Sept.  95)  was  cloudy  throughout ;  about  9^  p.m., 
a  few  bright  streamers  were  seen  through  the  clouds,  then 
nothing  more  till  11^  p.m.,  when  an  auroral  arch,  about  94^ 
high,  was  visible  for  a  short  time. 

It  is  desirable  that  accounts  of  corresponding  observations 
of  this  disturbance  should  be  collected.  I  invite  observers 
who  may  have  made  observations  on  the  same  day,  to  send  to 
me  abstracts  of  their  observations,  or  to  communicate  them, 
in  the  way  which  they  think  best,  to  the  public,  or  to  the 
persons  who  are  interested  in  magnetical  phaenomena. 

Royal  Obserratory, Greenwich,  1841,  Oct.  96.  G.  B.  AlRY. 

LXX  VI.  Table  of  the  successive  Strengths  qfP^oxylic  Spirit, 
corresponding  to  its  successive  Specific  Gravities,  with  some 
Introductory  Observations.  By  Andrew  Ure,  M.D.,  F.R.S; 
Sfc.^ 

pJAVING  been  professionally  employed  by  an  eminent 
^^  manufacturing  chemist,  about  eighteen  months  ^gp,  in 
experimental  researches  upon  the  above  spirit,  the  holzgeist  of 
the  Germans^  I  found  it  necessary  to  construct  the  following 
tftble,  in  order  to  ascertain  the  commercial  value  of  the  article 
at  various  densities.  The  principal  use  of  wood-spirit,  as 
extracted  by  distillation  from  pyrolignous  acid,  or  from  liquid 
pyrolignite  of  lime,  is  for  dissolving  sneli-lac  and  sandarac  into 
a  varnish  for  stiffening  the  bodies  of  bats,  and  rendering  them 

•  Commanicated  by  the  Chemical  Society,  hsTiiig  been  readJune  1, 1841; 
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impervious  to  water.  Hats  imbued  with  this  varnish  exhale 
in  the  hot  apartments  where  the  process  is  conducted  the  va- 
pours oFthe  wood-spirit  very  copiously,  and  thereby  occasion 
a  painful  irritation  to  the  eyes  oF  the  workmen.  Some  kinds 
of  the  spirit  are  much  more  injurious  to  the  eyes  and  the 
health  than  others^  even  when  they  have  all  been  rectified  to 
apparently  the  same  pitch  of  purity  and  strength  by  the  same 
operations.  One  purpose  of  my  researches  was  to  discover 
the  causes  of  these  variations,  which  affect  the  comfort  of  the 
operatives,  and  another  was  to  discover  t|ie  causes  of  the 
variations  in  the  solvent  qualities  of  wood-spirit  of  the  same 
strength  by  the  hydrometer.  Having  hitherto  but  partially 
succeeded  in  the  attainment  of  these  two  objects,  I  shall  not 
occupy  the  time  of  the  Society  at  present  with  an  account  of 
the  experiments  made  with  that  view,  but  shall  reserve  them 
for  a  future  communication. 

The  researches  of  Berzelius,  Gmelin,  Weidmann,  Schwei- 
tzer, Kane,  Liebig,  Dumas,  and  Peligot,  concur  to  prove  that 
the  ordinary  wood-spirit  of  commerce,  even  in  its  most  highly 
rectified  state,  is  not  like  spirit  of  wine,  merely  an  alcoholic 
liquor  more  or  less  diluted  with  water,  but  that  it  consists  of 
different  compounds  mingled  together,  and  very  difficultly 
separable  from  each  other.  Wood^spirit,  xylite,  and  mestte, 
are  three  of  these  liquid  compounds  usually  associated  in 

Syroxylic  spirit.  When  the  common  wood  naphtha  of  the 
ruggist  is  distilled  three  or  four  times  from  pulverized  an* 
slaked  quicklime,  by  the  heat  of  a  water-bath,  the  oily  impu* 
titles  and  water  are  got  rid  of,  and  an  anhydrous  fluid  is 
obtained  which  is  not  liable  to  become  brown  on  exposure  to 
light,  like  the  ordinary  wood  naphtha,  and  which  does  not 
become  turbid  or  milky  when  mixed  with  water.  This  puri- 
fied spirit,  however,  still  acts  as  painfully  almost  as  the  ori- 
ginal cruder  article,  upon  the  eyes  of  the  hatters,  as  I  ascer- 
tained by  trial.  One  mode  of  separating  wood^spirit  from 
xylite  and  mesite,  is  founded  upon  the  property  possessed  by 
wood-spirit,  of  forming  a  compound  with  chloride  of  calcium 
not  decomposable  at  the  heat  of  boiling  water,  while  similar 
compounds  with  xylite  and  mesite  are  decomposable  at  that 
temperature.  I  did  not  find  that  pyroxylic  spirit  was  essen- 
tially improved  as  to  its  employment  in  the  arts,  by  being 
rectified  by  distillation  from  its  combination  with  dbloride  of 
calcium. 

Methol  is  the  name  which  has  been  given  to  the  oil  formed 
by  the  action  of  sulphuric  acid  upon  wood-spirit,  xylit^  and 
mesite ;  and  I  believe  the  same  oil  is  generated  by  the  simple 
combustion  of  pyroxylic  spirit ;  for  I  have  observed  that  when 
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the  pyroxylic  spirit,  which  has  been  treated  with  both  quick* 
lime  and  chloride  of  calcium,  is  burned  in  a  platinum  capsule 
till  fully  one-half  be  consumed,  the  residuum  becomes  oily 
aad  opalescent. 

The  spirit  used  for  the  construction  of  the  following  table 
was  purified  by  distillation  from  pulverized  quicklime^  and 
was  drawn  over  with  the  heat  of  a  water-bath,  at  such  a  tem- 
perature that  its  specific  gravity  at  60^  was  0*8186.  When 
the  specific  gravity  becomes  0*847  by  the  dissipation  of  the 
lighter  spirit,  the  boiling  point  is  U5^  Fahr.  1  believe  that 
a  useful  criterion  of  the  nature  of  pyroxylic  spirit  would  be 
obtained  by  comparing  its  boiling  temperatures  at  different 
degrees  of  density.  To  this  pomt  I  shall  also  direct  my 
further  investigations. 

The  temperature  of  the  pyroxylic  spirit  when  the  specific 
gravities  were  taken,  was  exactly  60°  Fahr. 


spec.  OniT. 

%ilfR  pet  cent. 

Over  proof  of 
Esdieinle. 

BpecGnv. 

ililrit  per  cent. 

Over  proof  of 
Rrrtieicehi 

o-sias 

lOOOO 

0-8916 

98-00 

6410 

0-9032 

68-50 

13-1 

0-8256 

9611 

6110 

0-9060 

67-66 

11-4 

0-8820 

94-34 

6800 

0-9070? 

66-66 

9-3 

0-8384 

92-22 

66-60 

0-91 16  X 

65-00 

710 

0-8418 

90-90 

62-60 

0-9154 

63-30 

4-20 

0-8470 

89^ 

49-70 

09184 

61-73 

2-10 

0-8514 

87-72 

47-40 

Underproof. 

0-8564 

86-20 

44-60 

0-9218 

60-24 

0H8 

0-8596 

84*75 

42-20 

0-9242 

58-82 

2-5 

0-864S 

83-33 

39-90 

0-9266 

5773 

4-0 

0-8674 

82-00 

37-10 

0-9296 

66-18 

7-00 

08712 

80-64 

35-00 

0-9344 

58-70 

1100 

08742 

79-36 

32-70 

0-9386 

51-54 

15-30 

0-8784 

78-13 

3000 

0-9414 

50-00 

17-80 

6-8820 

7700 

27-90 

0-9448 

47-62 

20-80 

0-8842 

76-76 

26-00 

0-9484 

46-00 

2610 

0-8876 

74-63 

24-30 

0-9518 

43-48 

28-80 

0-8918 

73-63 

22-20 

0-9540 

41-66 

31-90 

0-8930 

72-46 

20-60 

0-9564 

40K)0 

34-20 

0-8960 

71-43 

18-30 

0-9684 

38-46 

35-60 

0-8984 

70-42 

16-60 

0-9600 

3711 

88-1 

0-9008 

69-44 

16-3 

0-9620 

66-71 

40-6 

LXXVII.    On  the  Ferrocyanides.    By  [the  late]  R.  Corbeot 
Campbell.    Communicated  ly  Dr.  Clark'*'. 

ff  T  is  well  known  that  the  yellow  prussiate  of  potash,  heated 
-''  by  itself,  in  close  vessels,  is  decomposed  into  cyanide  of 
potassium,  carburet  of  iron,  and  nitrogen  gas.  I  have  observed 

*  Communicated  to  this  Journal  by  the  Chemical  Society,  having  been 
read  June  1, 1841. 
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thai,  heated  in  contact  with  the  air,  the  products  of  the  de- 
composition are  very  different*  The  cyanide  of  potassium 
takes  oxygen  from  the  air,  and  is  thereby  converted  into  cya- 
nate  of  potash,  while  the  cyanide  of  iron  is  decomposed,  oon- 
verting  the  iron  into  an  oxide*  The  absorption  of  oxygen  is 
caused  by  the  presence  of  the  cyanide  of  iron,  for  cyanide  of 
potassium.,  heated  by  itself  in  contact  with  the  air,  does  not 
become  changed  into  cyanate  of  potash.  I  believe  that  a 
process  for  cyanate  of  potash  may  be  founded  on  the  above 
observation,  preferable  to  the  common  one  with  oxide  of 
manganese;  for  it  has  been  proved  that  this  oxide  is  not 
essential  in  the  process,  and  it  not  unfrequently  happens  that 
%  large  quantity  of  the  cyanide  of  potassium  is  converted  into 
carbonate  of  potash.  Sometimes  also  a  little  manganese  dis- 
solves along  with  the  cyanate. 

For  the  preparation  of  this  salt,  then,  without  the  use  of 
manganese,  the  powdered  and  dried  prussiate  of  potash  is 
heated  almost  to  redness,  in  a  flat  iron  vessel,  with  constant 
stirring  of  the  melted  mass.  Some  ammonia  is  evolved, 
which  results  from  the  action  of  the  moisture  of  the  air,  for 
the  substance  itself  contains  no  hydrogen.  The  melted  mass 
should  be  taken  out  with  an  iron  spatula,  allowed  to  cool, 
reduced  to  powder,  and  again  fusea;  because  the  melting 
cyanate  of  potash  is  apt  to  protect  little  bits  of  the  yellow 
prussiate  from  the  action  of  tne  air.  If  the  heating  be  pro- 
perly conducted,  not  a  particle  of  cyanide  of  potassium  will 
be  formed.  The  cyanate  of  potash  is  dissolved  out  with  hot 
alcohol  filtered  and  crystallized.  The  undecomposed  prus- 
siate of  potash  remains  undissolved. 

The  double  salt  of  ferroprussiate  of  potash  and  lime  acts 
under  heat  exactly  like  the  ferroprussiate  of  potash  itself. 
Well  dried  and  set  on  fire,  it  continues  to  bum,  until  the 
alkaline  and  earthy  cyanides  are  converted  into  cyanateSi  and 
the  iron  into  oxide.  The  reason  that  the  double  salt  con- 
tinues to  burn  is  to  be  found  in  the  porous  state  of  the  mass, 
which  offers  no  obstacle  to  the  free  access  of  air ;  whereas 
the  yellow  prussiate  alone  fuses,  and  prevents  the  progress  of 
the  combustion. 

The  ferrocyanide  of  zinc,  which  always  contains  some  ferro- 
prussiate of  potash  in  chemical  combination,  likewise  con- 
tinues to  burn,  and  affords  cyanate  of  potash  and  the  oxides 
of  the  metals. 

When  the  double  salt  of  potash  and  lime  is  heated  in  the 
air  as  above  mentioned,  and  then  dissolved  in  water,  the  soln- 
tioQ  possesses  the  remarkable  property  of  becoming  pink  in 
the  sun's  rays,  and  again  becoming  colourless  in  darkneaa. 
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Neither  cyanate  of  lime  nor  oyanate  of  potash,  together  or 
singly,  or  mixed  with  prussiate  of  potash,  show  this  reaction. 
It  is  hence  probable  that  this  solution  owes  the  above-men- 
tioned property  to  the  admixture  of  some  foreign  substance, 
present  probably  in  a  very  small  quantity.  All  attempts  to 
isolate  any  such  substance  were  fruitless. 

As  the  shade  of  colour  in  the  above  solution  is  exactly  that 
of  a  solution  of  permanganate  of  potash,  the  solation  anid  the 
substances  nsed  were  tested  for  manganese.  They  contained 
none.  The  reactions  of  this  solution  too  stand  in  contradiction 
with  some  of  those  of  the  permanganates.  The  presence  of  fer-< 
rooyanide  of  potassium  is  essential  to  the  production  of  tbe  pink 
ip  the  sun's  rays,  but  the  action  of  the  same  salt  on  perman- 
ganate  of  potash  is  first  to.reduce  it  to  the  green  manganate, 
and  by  further  addition  of  the  prussiate  to  oxide  of  man^« 
nese.  As  the  prussiate  of  potasn  of  commerce  often  contains 
traces  of  sulphocyanide  of  potassium,  the  experiments  were 
repeated  with  prussiate  of  potash,  that  had  been  washed  with 
hot  alcohol,  and  by  this  means  all  sulphocyanide  removed ; 
but  no  difierence  was  observed  in  the  result. 

It  is  further  clear,  chat  this  salt,  even  if  it  were  present  in 
the  prussiate  of  potash,  could  take  no  part  in  the  above-men- 
tioned reaction,  for  it  gives  no  precipitate  with  a  lime  salt, 
with  or  without  the  presence  of  prussiate  of  potash.  An 
alkaline  state  of  the  liquid  is  essential  to  the  production  of  the 
phik  in  the  sun's  rays ;  so  is  likewise  the  presence  of  a  fenro« 
cyanide.  If  a  solution  of  nitrate  of  copper  be  added  to  a 
solution  of  the  heated  double  salt,  till  all  ferrocyanide  be 
removed,  and  then  the  excess  of  copper  precipitated  by  car* 
bonate  of  potash,  the  solution  will  have  lost  entirely  the  pro- 
perty of  becoming  coloured  in  the  sun's  rays,  but  will  recover 
It  €m  the  addition  of  a  few  drc^of  a  solution  of  yellow  prus« 
siate  of  potash. 

The  air  exercises  no  influence  on  these  changes ;  they  take 
place  equally  distinctly  in  closed  vessels. 

A  temperature  of  120^  Fahr.  destroys  the  colour,  but  on 
cooling  and  re-exposure  to  the  sun's  rays,  the  colour  again 
appears.  By  evaporation  in  the  rays  of  the  sun,  a  pink  salt 
is  obtained.  The  presence  of  cyanate  of  potash  is  not  essen- 
tial to  the  production  of  the  colour ;  if  muriatic  acid  be  added 
to  the  solution  until  all  cyanic  acid  be  destroyed  or  removed, 
and  then  supersaturated  with  alkali,  the  solution  possesses  the 
colouring  property  as  strong  as  before.  Another  proof  that 
cyanate  of  potash  is  not  essential,  is  that  the  double  salt  of 
ferroprussiate  of  lime  and  potash  heated  in  closed  vessels,  and 
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dissolved  id  wateri  shows  likewise  the  same  reactiooy  although 
containing  no  oyanate  of  potash. 

I  have  already  stated,  that  the  investigation  undertaken  with 
the  view  of  isolating  the  colouring  substance  in  these  experi* 
mentSi  was  without  success ;  nevertheless  some  observations 
were  made  which  seem  to  stand  in  relation  to  this  subject. 

It  has  often  been  remarked,  that,  on  adding  an  acid  to  the 
solution  of  the  heated  double  salt,  a  minute  quanti^  of  a  red- 
dish powder  is  precipitated.  This  powder  contains  iron ;  it 
is  decolorized  by  carbonate  of  potash,  but  the  colour  is  not 
reproduced  by  exposure  to  the  sun.  The  solution  from 
which  this  powder  has  been  precipitated,  on  being  saturated 
with  alkali,  and  exposed  to  the  sun's  rays,  is  found  not  to  havp 
lost  the  colouring  property.  I  suspect  Uiat  this  red  powder 
18  the  same  as  is  observed  to  be  precipitated  from  some  speci- 
mens of  commercial  prussiate  of  potash,  on  the  addition  of 
strong  acetic  add.  Prussiate  of  potash  is  sometimes  observed 
in  commerce  of  a  darker  tint  than  usual,  uid  it  is  this  variety 
which  frequently  shows  the  above-mentioned  reaction. 

If  a  solution  of  cyanide  of  ammcmiam  be  added  to  a  solu- 
tion of  acetate  of  copper,  a  compound  of  copper  and  cyanogen 
is  precipitated,  not  analogous  in  its  composition  to  the  cyanide 
from  which  it  is  precipitated.  The  supernatant  sdnticxi  be- 
comes pink-eoloured  tor  a  few  seconds.  In  order  to  see  if  this 
reaction  result  from  the  action  of  the  free  cyanogen  on  the 
cyanide  of  ammonium,  a  stream  of  this  gas  was  sent  tbrongfa 
a  solution  of  the  salt.  It  became  first  yellow,  and  then  rra, 
but  a  diferent  red  from  that  mentioned  in  the  reaction  with 
the  ccMoper  salt. 

Professor  Liebig  pointed  oat  to  me  anochtf  instance  of  a 
fiqptive  fink  ooloar  oocurrinir  in  a  cyanogen  oompoond,  whidi 
Prof.  Gmdin  of  Hdddberg  bas  mentioned  in  his  System  of 
Chemistry.  When  strong  nitric  acid  is  added  to  pounded 
yellow  pnisaate  of  potash,  and  sl^dy  heated,  nnidi  cjuaogen 
gas  is  evolved;  when  the  heat  is  not  too  strongly  applied, 
neither  pnissk  acid  nor  nitrons  acid  are  remarked.  The 
mass  beoomes  Uack,  and  is  quite  aoloUe  in  water:  if  there 
be  added  to  this  solotioD,  msl,  an  excess  of  polaah,  and 
then  some  drops  of  snlphuret  of  potassiom,  the  solutiaQ  be- 
comes beautifully  pink-coloared,  disajqpeaiii^  after  the  lapse 
of  a  few  seconds.* 

It  differs  from  die  pink  ooloor  observed  as  oocorring  in  the 
solution  of  the  heated  double  salt  when  exposed  to  the  sun,  in 
its  action  to  sulphuretted  hydrogen.  This  gas^  or  an  alkaline 
sulpharet,  instantly  destroys  the  ooloiir  resulting  from  the 
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acdon  of  light,  while  an  alkaline  sulphuret  is  essential  to  the 
production  of  the  other.  The  pink  colour  of  the  solution  to 
which  sulphuret  of  potassium  has  been  added,  becomes  soon 
purple,  and  afterwards  deposits  a  blue  substance,  which  long 
kept  in  the  solution  becomes  white.  This  blue  precipitate 
cannot  be  prussian  blue,  for  it  is  produced  in  an  alkaline  solu- 
tion, and  is  instandy  decolorized  by  acids.  It  is  possible  that 
the  above  pink  solution  owes  its  colour  to  the  same  substance 
as  is  present  in  Gregory's  solution  of  sulphuret  of  azote  in 
caustic  potash. 

I  hare  brought  forward  these  different  instances  of  colora* 
tion  occurring  in  cyanogen  compounds,  because  they  seem 
to  point  out  the  existence  of  a  yet  unexamined  class  of 
prussiates. 

On  the  Acid  Cyanurate  of  Potash. 

Mineral  acids,  as  well  as  acetic  acid,  were  found  to  have  tlie 
power  of  converting  the  neutral  cyanate  of  potash  into  the 
acid  cyanurate.  The  essential  circumstance  in  this  process 
is  that  the  solution  of  the  cyanate  of  potash  be  concentrated. 
The  process  above  described  for  making  cyanate  of  potash  by 
calcining  in  the  air  the  yellow  prussiate  of  potash,  affords  a 
ready  means  of  making  this  salt  easily,  and  in  quantity.  The 
roasted  prussiate  is  digested  with  cold  water,  filtered,  and 
muriatic  acid,  added  to  the  precipitated  salt,  is  dissolved  in  hot 
water,  and  crystallized  by  cooling. 

The  foregomg  experiments  were  pardy  confirmed  and  partly 
originally  performed  in  the  laboratory  at  Giesisen,  in  1838. 

This  paper  is  the  only  scientific  memorial  of  its  amiable 
author,  who  died  about  two  years  ago,  at  an  early  age^  but 
mature  enough  to  have  endeared  him  to  many  men  of  science, 
and  to  have  indicated  promise  of  scientific  eminence.  He 
will  be  most  remembered  by  his  friends  for  a  marked  recti- 
tude of  mind,  combined  with  an  uncommon  ardour ;  evincing 
itself  in  the  warmth  of  kindly  feelings  and  in  the  enthusiasm 
of  scientific  pursuits. — T.  C. 


LXXVIII.  Proceedings  of  Learned  Societies. 

ROYAL  SOCIETY. 
[Continued  from  p.  489.] 
June  17, 1841.  <<  |^N  the  Corpuscles  of  the  Blood.'*  Part  111.  By 
(Continued.)  ^^  Martin  Barry,  M.D.,  F.R.SS.  L.  and  E.* 

After  remarking  that  no  clear  conception  has  hitherto  existed  of  the 
mode  in  which  the  floating  corpuscles  of  the  blood  conduce  to  nou- 

[*  Abstracts  of  Parts  I.  and  II.  of  this  memoir  will  be  found  in  Phil. 
Mag.f  S.  3.  vol.  xvii«  p.  300,  and  vol.  xviii.  p.  310.^£i)IT.] 
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ridiment,  the  author  states  that  he  has  found  eveiy  structure  he  has 
examined  to  arise  out  of  corpuscles  having  the  same  appearance  aa 
the  corpuscles  of  the  blood.  The  following  are  the  tissues  which  he 
has  submitted  to  actual  obseryation*  and  which  hare  given  the  above 
result,  namely,  the  cellular,  the  nervous,  and  the  muscular ;  besides 
cartilage,  the  coats  of  blood-vessels,  several  membranes,  the  tables  and 
cells  of  the  epithelium,  the  pigmentum  nigrum,  the  ciUary  processes, 
the  crystalline  lens  itself,  and  even  the  spermatozoon  and  the  ovum. 
The  author  then  traces  the  nucleus  of  the  blood^corpuscle  into 
the  pus-globule ;  showing  that  every  stage  in  the  transition  presenta 
a  definite  figure.  The  formation  of  the  pus-globule  out  of  Uie  nucteua 
of  the  blood-corpuscle  is  refiemble  to  me  same  process,  eseentialfy,  as 
that  by  means  (^  which  the  germinal  spot  comes  to  fill  the  gennimd 
vesicle  in  the  ovum.  This  process,  which,  in  a  former  memoir,  he 
had  traced  in  the  corpuscles  of  the  blood,  he  now  shows  to  be  uni- 
versal, and  nowhere  more  obvious  than  in  the  reproduction  of  the 
tables  of  the  epithelium.  The  epithelium-cylinder  seems  to  be  con- 
stituted, not  by  coalescence  of  two  objects  prevbusly  single,  aa  has 
been  supposed,  but  by  division  of  a  previously  single  object.  Certain 
objects,  called  by  the  author  primitive  discs,  exhibit  an  inherent  con- 
tractile power,  both  when  isolated,  and  when  forming  parts  of  a 
larger  object ;  an  incipient  epithelium-cyHnder  having  been  observed 
by  him  to  revolve  by  this  means.  Molecular  motions  are  sometimes 
discernible  within  corpuscles  of  the  blood.  The  author  has  no- 
ticed young  blood- corpuscles  exhibiting  motions,  comparable  to  the 
molecular,  and  moving  through  a  considerable  space;  and  he  has 
met  with  the  nuclei  of  blood-corpuscles  endowed  with  cilia,  revol- 
ving, and  performing  locomotion.  In  his  first  paper  on  ihe  Corpuscles 
of  the  Blood,  he  described  certain  instantaneous  changes  in  form 
which  he  had  observed  in  blood-corpuscles,  and  afterwards  expreased 
hb  belief,  that  these  changes  were  referable  to  contiguous  cilia, 
although  he  had  not  been  able  to  discern  any  such  cilia«  He  now 
states  that  subsequent  observation  inclines  him  to  think  that  these 
changes  in  form  arise  from  some  inherent  power>  distinct  from  the 
motions  occasioned  by  cilia.  The  primitive  disc,  just  mentioned, 
seems  to  correspond,  in  some  instances,  with  the  "cytoblast"  of 
Schleiden.  Thus  the  very  young  corpuscle  of  the  blood  Is  a  mere 
disc ;  but  the  older  corpuscle  is  a  cell.  The  author  minutely  de- 
scribes the  mode  of  origin  of  the  pigmentum  nigrum ;  showing  that 
it  arises  in  a  similar  manner  in  the  tail  of  the  tadpole,  and  in  the 
choroid  coat  of  the  eye.  He  had  before  described  theOraafian  vesicle 
as  formed  by  the  addition  of  a  covering  to  the  previously-existing 
ovisac :  this  covering,  he  afterwards  stated,  becomes  the  corpus 
lutenm.  He  now  confirms  these  observations,  vrith  the  addition, 
that  it  is  the  blood-corpuscles  entering  into  the  formation  of  the 
covering  of  the  ovisac,  which  give  origin  to  tiie  corpus  luteutt. 
The  spermatozoon  appears  to  be  comporod  of  a  few  coalesced  discs. 
The  fibres  of  the  crystalline  lens  are  not  elongated  cells,  as  supposed 
by  Schwann ;  but  coalesced  cells,  at  first  arranged  in  the  same  man* 
ner  as  beads  in  a  necklace. 
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The  author  concludes  with  the  following  recapitulatioii : — 1.  The. 
nucleus  of  the  corpuscle  of  the  blood  admits  of  being  traced  into  the 
pus-globule.  2.  The  various  structures  arise  out  of  corpuscles  ha- 
vii^  the  same  appearance,  form,  and  size  as  corpuscles  of  the  blood* 
3.  The  corpuscles  having  this  appearance,  and  giving  origin  to 
structures,  are  propagated  by  division  of  their  nuclei.  4.  The  cor- 
puscles of  the  blood,  also,  are  propagated  by  division  of  their  nuclei. 
5.  The  minuteness  of  the  young  blood-corpuscles  is  sometimes 
extreme ;  and  they  are  to  be  found  in  parts  usually  considered  as 
not  being  permeable  by  red  blood. 

In  a  postscript,  the  author  adds,  that  blood  found  in  the  heart 
immediately  after  death  by  bleeding,  presents  incessant  alterations 
in  the  position  of  its  corpuscles .  Among  these,  when  a  single  corpus- 
cle is  examined  very  attentively,  it  is  seen  to  change  its  form  ;  and 
the  author  is  disposed  to  think  it  is  this  change  of  form  that  produces 
the  alterations  in  position.  The  changes  m  form  are  slight,  compared 
with  those  previously  described  by  him  as  observed  in  blood  else- 
where, and  are  not  seen  without  close  attention.  The  motions  re- 
semble those  called  molecular ;  and  in  the  minutest  corpuscles,  which 
are  mere  points,  nothing  besides  molecular  motion  can  be  discerned. 
It  may  be  a  question,  the  author  thinks,  whether  molecular  motion 
differs  in  its  nature  from  the  motion  of  the  larger  corpuscles  just 
referred  to.  The  division  of  the  blood-corpuscles  into  corpuscles  of 
minuter  size,  though  apparent  in  blood  from  either  side  of  the  heart* 
has  seemed  more  general  in  that  from  the  left  side ;  which,  it  is 
suggested,  is  perhaps  deserving  of  notice  in  connexion  with  the  sub* 
ject  of  respiration. 

"  A  new  Theory  of  Physics,  with  its  application  to  important 
phaenomena  hitherto  considered  as  ultimate  facts."  By  Thomas 
Exley,  Esq.,  A.M. 

The  theory  of  the  author  is  founded  on  the  two  following  pro- 
positions, namely,  that 

1.  Every  atom  of  matter  consists  of  an  immense  sphere  of  force* 
varying  inversely  as  the  square  of  the  distance  from  the  centre ;  this 
force  being  attractive  at  all  distances,  except  in  a  small  concentric 
sphere,  in  which  it  is  repulsive. 

2«  Atoms  differ  from  each  other  in  their  absolute  forces,  or  in  the 
extent  of  their  spheres  of  repulsion,  or  in  both  these  respects* 

The  author  assumes  that  there  are  four  classes  of  atoms,  the 
tmaciaut,  the  electric,  the  ethereal,  and  the  aronuUic,  The  existence 
of  the  last-named  class  of  atoms  he  infers  from  the  phaenomena  of. 
vegetation,  the  miasmata  of  marshes,  the  aroma  of  plants*  various 
noxious  effluvia,  the  diunfecting  property  of  some  bodies,  and  facts 
relating  to  animalcules,  and  their  ova,  &c.  He  regards  the  two  pro- 
positions which  constitute  the  great  principles  of  his  theory,  as  pre- 
senting, at  once,  a  complete  explication  of  the  general  attributes  of 
matter  and  body,  with  the  Newtonian  laws  of  motion,  not  otherwise 
theoretically  explicable. 
.  After  pursuing  at  some  length  his  theoretical  speculations,  founded 
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on  the  above-mentioned  propositions,  the  aaffior  condades  hia  paper 
with  the  following  sentence  : — 

"Hie  seyeral  partial  theories  of  philosophers,  as  fu*  as  eoncems 
the  leading  facts  on  which  they  are  based,  are  contained  in  the  sim- 
ple principles  here  developed :  thus,  the  tiieory  of  universal  gntvity 
is  here  carried  out  to  its  ultimatum ;  Newton  and  Bosconch's  theo- 
ries of  alternate  attractions  and  repulsions  are  derived  from  fiicts 
which  depend  on  the  alternate  atmospheres,  and  neutral  spaces  of 
tenacious  atoms ;  Sir  Humphry  Davy's  theory  of  electrical  eneigies. 
Dr.  Dalton's  atomic  theory,  and  the  theory  of  the  difiusloa  of  gases. 
Dr.  Black's  theory  of  latent  heat,  Ghiy-LuseAc's  theory  of  vdbmes, 
Newtcm's  theory  of  light,  or  the  Uieory  of  the  emission  of  light,  the 
undulatory  theory,  and  very  many  others  are  here  united  in  the 
most  simple  principles,  whidi  are,  ther^re,  strongly  recommoided 
to  the  notice  of  phUosophers." 

"  On  the  Organs  of  Reproduction,  and  (m  the  Devdopment  of 
tl^  Myriapoda."  By  George  Newport,  Esq.  Communicated  1^ 
P.  M.  lU^t,  M.D..  Sec.  R.S. 

The  author  commences  his  paper  by  stating  tiiat  great  interest 
attaches  to  the  study  of  the  Myriapoda,  from  the  already  known  fret 
tiiat  their  mode  of  development,  by  an  increase  in  the  number  of 
segments,  is  directly  the  reverse  of  that  of  true  insects  in  wfaidi 
tiie  development  of  the  perfect  individual  is  accompanied  by  an  ap- 
parent diminution  in  the  number  of  these  parts.  He  remarks,  that 
although  the  development  of  the  Myriapoda  has  already  been  ex- 
amined by  several  eminent  naturalists,  such  as  D^eer,  Savi,  Gervais, 
and  Waga,  some  of  the  most  important  frets  relating  to  it  have, 
nevertiidess,  escqied  their  notice,  and  he  proposes,  therefore,  to  lay 
before  the  Society  the  result  of  his  own  investigations  on  this  sub- 
ject, and  also  his  examinations  of  tiie  organs  of  rejHxiduction. 

The  paper  is  divided  into  four  sections.  In  the  first,  the  author 
describes  the  organs  of  reproduction,  and  shows  that  the  parts  de- 
scribed by  Treviranus,  both  in  the  male  and  female  Julus,  are  only 
die  e£Ferential  ducts  in  the  male,  and  tiie  oviduct  in  the  female ; 
tiiat  in  the  former  there  are  devek^ped,  from  Uie  sides  of  the  efferen- 
tial  ducts,  a  large  number  of  sacs,  tiie  structure  of  which  he  de- 
scribes, and  states  lus  opinion  that  these  are  the  im^>er  secretory 
organs  in  tiie  male,  but  remarks  that  he  has  not  been  aUe  to  f;^w 
out  the  organs  to  ^eir  fiiUest  extent.  In  tiie  female,  he  shows  that 
tiie  oviduct  described  by  Treviranus  is  covered  by  an  immense  num- 
ber of  orisacs,  eadi  secreting  only  a  single  ovum ;  that  many  hun- 
dreds of  tiiese  exist  around  the  duct,  a  large  proportion  of  which 
never  reach  maturity,  being  retarded  in  th^  growth  by  the  deve- 
lopment of  others  immediatdy  around  diem ;  and  diat  the  ova,  when 
matured,  are  passed  from  die  ovisacs  into  the  duct,  and  are  then  all 
deposited  at  one  time.  He  adverts  especially  to  die  remarkable  condi- 
tion of  die  female  oviduct  being  a  sin^e  organ,  throughout  die 
greater  part  of  its  extent,  but  having  a  double  outlet ;  and  diows  its 
analogy  in  die  internal  portion  of  die  oq;ans  to  those  of  aome  in- 
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sects,  and  in  its  double  outlet  to  the  Crustacea  and  Arachnida.  He 
also  institutes  a  comparison  between  the  structure  of  the  male  and 
female  organs  in  this  Myriapod,  which,  from  their  simplicity,  admira- 
bly illustrate  the  uniformity  of  origin  of  these  structures ;  more  espe- 
cially the  analogy  between  the  ovisacs  in  the  female  and  the  cseca  in 
the  male,  and  also  their  conformity  in  the  absence,  in  the  latter,  of  se^ 
parate  vesiculse  seminales,  and,  in  the  former,  of  spermatheca. 

The  second  section  is  occupied  by  a  short  account  of  the  structure 
of  the  ovum,  in  which  die  author  observes  the  germinal  vesicle  and 
macula.  He  notices  especially  the  ^iresence  of  the  yelk  in  the  ear- 
liest stages  of  development,  together  with  the  vesicle  and  the  mem« 
branes  of  the  ovum  at  a  later  period,  as  showing  in  this  low  form  of 
ammal  the  conformity  of  structure  and  laws  with  those  which  pre- 
vail in  the  higher  forms. 

In  the  third  section,  the  author  spealcs  of  the  deposition  of  the 
ova,  and  of  the  habits  of  the  species,  as  observed  in  specimens  col« 
lected  and  preserved  by  him  for  that  purpose.  These  habits  he  re- 
gards as  particularly  curious.  The  female  excavates  for  herself  a 
burrow,  by  digging  with  her  mandibles  in  the  soil,  which  she  has 
previously  moistened  with  a  duid,  supplied,  as  the  author  believes,  by 
her  immense  salivary  glands.  With  this  she  forms  a  soft  pellet,  which 
she  removes  from  the  burrow  with  her  mandibles  and  anterior  legs ; 
and  thence,  after  being  brought  to  the  top  of  the  hole,  it  is  passed 
on  to  the  next  pair,  and  by  these  on  to  the  next  in  succession,  until 
it  is  entirely  removed  out  of  the  way  ;  after  which,  she  deposits  her 
eggs  and  closes  the  burrow  with  moistened  clay.  Great  difficulty  was 
experienced  in  preserving  the  eggs  during  the  observations,  from 
tiie  circumstance  that  their  shell  is. soft,  and  dries  quickly  when  ex- 
posed to  the  air.  To  avoid  this,  the  author  had  recourse  to  the  plan 
of  inclosing  the  eggs  in  a  glass  tube^  filled  with  clay,  and  closed 
with  a  cork ;  the  eggs  being  placed  in  a  cell  next  to  the  glass. 

The  fourth  section,  which  constitutes  the  most  important  part  of 
the  paper,  ^ves  the  history  of  the  evolution  of  the  embryo.  The 
process  is  divided  by  the  author  into  different  periods.  After  a  few 
observations  on  the  earlier  changes  of  the  ^^^^  and  the  proof  that  they 
consist  in  an  alteration  in  the  size  and  appearance  of  the  cells  out  of 
which  the  embryo  is  formed,  he  states  his  having  observed  that,  the 
egg  bursts  at  the  end  of  twenty- five  days,  by  means  of  a  fissure  along 
(he  dorsal  surface,  as  described  by  Savi  and  Waga ;  and  that,  in  oppo- 
sition to  the  remarks  of  Degeer,  the  young  Julus,  as  first  stated  by 
Savi,  is  perfectly  apoJal.  The  author  has  also  discovered  a  singular 
fact,  entirely  overlooked  by  all  who  liave  attended  to  the  development 
of  these  animals,  namely,  that  the  young  Julus  at  this  time  is  still  an 
embryo,  and  is  completely  inclosed  in  a  shut  sac,  which  terminates 
in  a  distinct  funis  at  the  extremity  of  the  body,  and  in  the  proper 
amnion^  or  foetal  envelope  of  the  animal.  He  finds,  also,  that  the  funis 
enters  at  the  posterior  penultimate  segment  of  Uie  dorsal  surface  of 
the  body,  and  not  at  the  dorsal  surface  of  the  thoracic  region,  as 
seen  by  Rathke  in  the  Crustacea.  The  embryo,  he  says,  is  retained 
in  connexion  with  the  shell,  between  the  two  halves  of  it,  for  seven- 
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teen  days,  by  Bems  of  the  fimb,  wfaidi  is  < 
or  extcnial  membrane,  the  dkariom^  whkh  fines  due  ialniui  of  tke 
•bdL  HestitestfaattheUberatioiiof  dfteembcyofiroMtfaeihcflai 
not  effected  by  any  etfart  of  its  own,  but  by  the  ei|iauiiffe  Hone  «f 
the  growth  ci  its  body.  He  deacribet»  alio,  another  JBUMHtant  hdt 
wbidi  had  been  overlooked  by  previoos  obaervoB,  relating  to  tbe  mode 
and  place  of  origin  of  the  new  segment  of  the  body  in  the  JnlidK. 
Hie  new  tegmenta  are  always  pto&ced  in  a  ^umimml  sirwirsaf  Im* 
mediately  bdbre  the  penultimate  segment,  n^idi  segment,  with  ^e 
snal  one,  remains  permanent  thron^ont  due  file  of  die  anhnaL  IVe 
pfodoction  of  the  first  set  of  new  segmenti  is  wwammred  even  be- 
fore the  animal  has  burst  from  the  amninn  After  leaving  die  aai* 
nion,  die  yonng  Joins  poaicmcf  six  pair  of  lags,  aa  sfestcd  by  Sari 
and  Waga ;  bat  the  aQthOT  remarks,  in  addition,  that,  notwithstaad* 
ing  dus,  it  is  sdD  inclosed  in  another  tonic,  the  proper  ddn  of  the 
etnlHyo,  beneadi  which  new  aegments  are  being  formed,  and  which 
begins  to  be  detsdied  before  die  embr3ro  has  lA  the  amnkn.  He 
soggesti  whether  dus  may  not  be  the  rqireaentativ«  of  the  pffopcr 
tonic  of  the  germinal  yende.  After  minntdy  describing  the  cm* 
biyo,  and  sbcnring  diat  its  body  is  sdll  formed  of  oells,  he  statn 
diat  four  pairs  of  new  legs  are  forming  beneath  diis  tanic,  and  diat, 
on  the  tiraity-sizth  day,  die  young  animal  throws  off  th»  eorer* 
ing,  and  die  legs  are  developed,  and  also  the  six  new  segments,  to  a 
forther  extent.  The  animal  then  takes  food,  the  segmenti  beoooK 
developed  to  die  same  extent  as  the  original  onea,  untfl  the  fofty- 
seventh  day,  when  it  again  diangea  its  skm,  new  segments  are  again 
produced,  and  new  legs  to  diose  segments  last  formed.  In  this  way 
it  passes  tfaroogh  sevml  changes,  developmg  first  segments  and  then 
legs. 

One  remarkable  cxrcnmstance  stated  is,  that  the  production  of 
segments  is  mxtrnple  in  the  Jufida ;  but  this  does  not  hold  in  other 
genera,  in  some  of  whidi  it  is  fSidli's/fe,  and  in  others  dmMeg  bat 
these  peculiarities  appear  in  all  cases  to  be  characteristie  of  each 
distinct  genus.  In  condusion,  he  confirms  the  observation  already 
made  by  M.  Oervais,  that  the  number  of  eyes  is  increased  as  die 
animal  advances  in  iti  transformations.  The  audior  condndes  by 
stating  diat  be  proposes  continuing  these  observations  on  the  My* 
riqxMia  at  some  foture  period. 

The  paper  is  aooompanied  by  drawings  of  the  parts  described, 
and  of  the  successive  changes  which  take  place  during  die  deve* 
lopment  of  the  animal. 

GEOLOGICAL  SOCIETY. 
[Continued  from  p.  500.] 

April  7,  ISil.'^A ytcper  was  first  read,  endtkd  *'  A  Notice  on 
the  Occurrence  of  Trussic  Fishes  in  Britt^  Strata,"  by  Sir  Philip 
Grey  Bgcrton,  Bart.,  M.P..  F.O.S. 

Were  die  muschelkalk  abstracted  £rom  the  continental  series  of 
beds  called  die  IVias,  and  the  keuper  made  to  rest  on  the  banter 
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safidstone.  Sir  Philip  Egerton  says,  it  would  be  difficult,  if  not  im- 
possible, to  define  the  proper  limits  of  these  formations.  The  new 
red  sandstone  of  England,  the  equivalent  of  the  trias,  presents  this 
difficulty,  every  endeavour  to  find  the  muschelkalk  having  failed ; 
and  therefore  geologists  are  compelled  either  to  consider  the  keuper, 
the  upper  member  of  the  trias,  to  be  also  wanting,  or  to  be  merged 
in  the  mass  of  alternating  marls  and  sandstones  comprising  the  new 
red  series.  Lithological  structure,  consequently,  being  of  no  value, 
palseontological  evidence,  the  author  says,  becomes  of  great  import^ 
ance.  The  beautiful  results  arrived  at  by  Mr.  Owen  respecting  the 
Batrachian  remains  found  near  Warwick,  tend,  Sir  Philip  Egerton 
states,  to  render  the  existence  of  the  keuper  extremely  probable, 
though  a  specific  identification  with  the  analogous  fossils  of  the 
German  keuper  has  not  been  ascertained.  The  only  instances  on 
record  of  muschelkalk  fishes  found  in  Ghreat  Britain,  are  scales  from 
the  Bone  Bed  at  Aust  Clifl^,  and  referred  by  Professor  Agassiz  to 
Oyrolepis  AWertii  and  G,  tenuistriatus,  conmion  continental  muschel- 
kfdk  fishes.  This  bed  it  is  well  known  occurs  at  the  base  of  the  lias, 
and  rests  conformably  on  the  green  and  red  marls  of  the  new  red 
sandstone.  A  thin  stratum  replete  with  remains  of  saurians  and 
ichthyolites  occupies  a  similar  stratigraphical  position  near  Axmouth ; 
and  Prof.  Agassiz,  during  his  visit  to  England  in  the  autumn  of  1840, 
identified  in  a  series  of  specimens  obtained  by  Miss  Mary  Anning, 
one  Placoid,  two  Lepidoid,  and  one  Sauroid  fish,  with  well-known 
muschelkalk  species.  He  also  determined  the  existence  of  fifteen  other 
species  from  this  deposit,  none  of  which  have  been  yet  noticed  in 
the  continental  Triassic  group.  Two,  if  not  three,  of  the  above 
muschelkalk  ichthyolites  are  also  found  at  Aust ;  and  a  comparison 
of  the  Aust  and  Axmouth  species  gives  five  as  common  to  the  twd 
localities,  twelve  as  confined  to  the  former,  and  two  to  the  latter. 
The  only  conclusion.  Sir  Philip  Egerton  states,  which  he  feels  justi- 
fied in  advancing  from  the  facts  adduced  in  this  communication  is, 
that  the  beds  in  question,  hitherto  considered  as  belonging  to  the 
lias,  must  be  removed  from  that  formation,  inasmuch  as  they  pre- 
sent a  series  of  fishes  not  only  specifically  distinct  from  those  of 
the  lias,  but  possess  in  the  Ganoid  genera  the  heterocerque  tail» 
an  organism  confined  to  the  fishes  which  existed  anterior  to  the 
lias. 

Appended  to  the  paper  is  a  systematic  catalogue,  compiled  from 
the  *  Poissons  Possiles,'  of  the  Ichthyolites  hitherto  described,  from 
the  keuper  and  muschelkalk  of  the  Continent,  together  with  those 
recently  discovered  at  the  Aust  Passage  and  near  Axmouth.  The 
following  extract  from  that  document  contains  the  species  common 
to  the  Continent  and  England : — 

Continental  Localities 
Order.        Geniu  a&d  Species.    English  Localities.  and  Formations. 

Placoid.  Hyhodm  pUcatilis.  Axmouth.  Passim.  Muschelkalk. 
Ganoid.     Gyrolepis  Alhertii,     Ibid, — Aust.  Passim.  Ibid. 

,,        ..^^^.^^^^tenuiairiaius.Ibid.'^Ibid,   Pbssim.         Ibid. 

M        Saurichthys  apicalis.  Ibid.  Bayreuth.      Ibidr 
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A  letter,  dated  Helsingfors,  January  5th,  1841,  from  Professor 
Nordensldold  to  Mr.  Lyell,  "  On  Furrowed  Rocks  in  Finland/'  was 
then  read. 

In  consequence  of  Sefstrom's  observations  on  the  lines  which 
traverse  the  surftuseof  the  Scandinavian  mountains^.  Professor  Nor* 
denskifild  has  been  induced  to  attend  to  similar  phenomena  in  Fin« 
land,  and  he  states,  that  he  has  noticed  lines  on  almost  all  moun- 
tains from  Lapland  to  the  south  of  Finland,  ranging  with  few  devia- 
tions from  N.N.W.  and  N.  to  S.S.E.  and  S.  On  the  highest  cliffs 
they  are  seldom  visible  on  account  of  the  sur&ce  being  worn,  but 
wherever  the  rocks  are  overlaid  with  sand  and  earth  the  lines  are 
easily  discovered  on  the  covering  being  removed.  Professor  Nor- 
denakiold  has  likewise  discovered  shallow  furrows,  from  three  to  six 
feet  wide,  on  the  surface  of  the  north  and  south  sand-ridges  or  ]^- 
teaux  which  separate  the  water  systems  of  Finland.  He  has  traced 
them  for  more  than  fifty  fathoms  maintaining  the  same  directions 
as  the  lines  upon  the  mountains,  and  he  has  noticed  that  they  are 
sometimes  near  each  other.  The  localities  mentioned  in  the  letter 
are — near  the  church  of  Kemi ;  between  Antila  and  Rankula  post- 
stations  on  the  road  from  Tonwa  to  Uleibog ;  and  at  a  phbce  in 
Carelia,  some  miles  from  the  iron-woiks  at  St.  Anna  in  Suojeifoi 
parish. 

In  searching  for  iron-ore  near  Helsing^is,  a  shaft  twenty  feet 
deep  was  sunk  in  alhivial  soil ;  and  Rrof  .  Nordenskiold  observed  on 
the  suHace  of  some  fragmrats  which  had  been  blasted  from  a  rock 
at  the  bottom  of  the  shaft,  similar  lines  to  tiioae  which  occor  on  the 
mountains,  but  he  was  unable  to  detennine  their  directioo,  tiie  exca- 
vation bdng  fiUed  with  wat»  and  mud.  As  the  rode  was  twenty 
feet  below  the  sorfiMe  of  the  water  in  the  Finnish  Gulf,  thb  friot, 
IVolessor  Nordcnskidld  says»  proves  that  tiie  fines  whidi  traverse 
tiie  mountains  exist  also  at  least  twenty  feet  bwipath  tiie  levd  of 
the  Gulf.  Another  phaenomenon  of  this  nature  ktdy  ofaserTed  by 
him  is  a  funowvd  nxk  of  gneiss*  not  hr  from  Foikala,  bat  six 
weists  froin  the  shore.  The  rock  is  ttat  and  not  very  kige»  and  at 
the  height  of  nine  fleet  above  the  nwdium  levd  of  the  water,  is  one 
of  the  round  holes  called  by  the  Swedes.  «"Giuits*  Pots/' but  of  an 
unttsualir  large  sue*  being  about  tibicc  ieei  by  two  and  a  half  feet. 
It  was  somewhat  larger  within,  and  rirterfi  feet  deq».  IVofesaor 
NovdenskiOUi  had  the  water  and  dslntnB  wkkh  it  mntatwrd  taken 
out.  and  found  at  the  bottom  naaMnms  pofecdy  rounded  atones 
mixed  up  vith  the  mud.  The  sades  of  Ike  l^ot  were  exacdy  ground, 
and  as  lespI^nMleut  a»  gneiss  can  be  made.  At  the  east  ade  the 
brim  was  soccevhat  rounded,  and  well  marked  with  a  rnimber  of 
Isr^.  HaX^  east  ami  west  furrows^  showing,  in  Arofieasor  Ndidens- 
kkUvi^s  opiaft>cu  ^^  that  the  ^  timtn  aad  wanres  had  on  that  side  driven 
in  the  bhaii  afi  the  tune  of  its  ^xmaSiaa.'*  On  the  apfOBtot  side  the 
madrgin  w^v^  quite  sharps  as  't£  the  rack  had  been  bnlxm  awaj  i 
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the  cavity  had  been  ground.  On  the  surface  of  the  rock  were  north 
and  south  lines  similar  to  those  on  the  mountains,  and  they  inter- 
sected the  east  and  west  furrows  mentioned  above ;  Professor  Nord- 
enskiold  therefore  infers  that  the  lines  were  made  subsequent  to  the 
formation  of  the  Giants'  Pot. 

With  respect  to  the  level  of  the  water  in  the  Finnish  Gulf,  the 
following  changes  are  shown  to  have  taken  place.  On  the  little 
island  of  Fussaro,  some  miles  from  Hangovdd,  and  in  the  open  sea, 
a  mark  which  was  made  in  the  year  1754  is  now  twenty  Swedish 
(19^  English)  inches  above  the  medium  height  of  the  water;  an- 
other which  was  cut  in  1800  is  about  nine  inches;  and  a  third 
excavated  in  1821  is  about  five  Swedish  inches.  At  St.  Petersburg 
and  Cronstadt  it  is  believed  that  no  change  has  taken  place  since 
1645. 

A  letter,  addressed  to  Dr.  Buckland  by  Mr.  Thomas  Bailey,  "  On 
the  Gravel  Deposits  in  the  Neighbourhood  of  Basford/'  was  next 
read. 

The  parish  of  Basford  is  situated  in  a  valley  ranging  nearly  north 
and  south  where  it  enters  the  great  Trent  vale.  On  the  eastern 
boundary,  which  is  a  very  elevated  district,  commences  an  extensive 
argillaceous  bed  containing  comparatively  few  pebbles  ;  on  the  west 
are  the  coal-fields  of  Radford  and  Bilborough ;  on  the  north-west 
occurs  the  magnesian  limestone  which  extends  beyond  Mansfield ; 
and  on  the  north  is  the  elevated  tract  or  ancient  forest  of  Hurwood, 
occupied  by  great  accumulations  of  gravel  and  sand,  agreeing  in  cha- 
racter with  tibose  in  the  neighbourhood  of  Basford.  In  the  midst  of 
the  valley  in  which  Basford  is  situated  are  lower  ridges  of  hills, 
mostly  ranging  in  the  direction  of  the  valley,  and  containing  beds  of 
gravel  quite  as  thick  (two  to  eight  feet),  and  interspersed  with  boul- 
ders as  large  as  those  found  in  the  hollows  or  lower  parts.  Mr. 
Bailey  is  of  opinion  that  none  of  these  deposits  were  accumulated  by 
flaviatile  action,  or  by  any  uniform  agent  operating  during  long  pe- 
riods, but  by  a  tumultuous  commotion,  when  the  surface  of  the  earth 
was  in  a  different  state  to  that  which  now  prevails  with  respect  to 
hill  and  dale— the  deposits  being  very  unequal  in  thickness,  con- 
torted in  position,  and  composed  of  materials  very  irregularly  asso- 
ciated as  regards  nature  and  size,  llie  transport  of  the  drift  in  one 
direction,  the  author  says,  appears  to  have  been  sometimes  checked 
by  a  rush  from  an  opposite  point,  by  which  means  the  materials  were 
forced  into  ridges  having  an  axis  of  loose  sand.  Some  of  these 
ridges,  he  conceives,  may  have  been  produced  by  intermediate  hol- 
lows having  been  scooped  out,  and  subsequently  filled  with  gravel. 

Mr.  Bailey  does  not  offer  any  positive  opinion  respecting  the  di- 
rection by  which  the  detritus  arrived  at  its  present  situation,  but  he 
thinks  it  could  not  have  been  transported  from  the  S.  or  S.E.,  as  it 
contains  no  pebbles  of  Chamwood  and  Mount  Sorrel  sienite,  or  of 
lias  or  lias- fossils,  or  of  gypsum ;  nor  from  any  point  between  S.W. 
and  N.W.,  on  account  of  the  absence  of  mountain-limestone  pebbles, 
and  as  the  fragments  of  chert  which  it  contains  differ  from  the  chert 
of  the  Derbyshire  strata.    Had  the  drift  come  from  the  west,  he 
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ptatee,  it  ought  to  contain  detritus  from  the  coal-fields  which  occupy 
the  whole  district  hetweeu  Basford  and  the  Derhyshire  limestone 
hills,  whereas  he  has  found  only  one  or  two  small  pieces  of  what 
might  he  called  jet.  He  has  also  never  obtained  any  specimens  of 
magnesian  limestone,  though  that  formation  occupies  almost  the 
whole  country  to  the  north-' west  and  north.  Mr.  Bailey  therefore 
suggests,  that  the  gravel  was  drifted  from  a  district  between  tiie 
QorSi  and  east  points. 

The  mass  of  these  deposits  consists  of  fragments  of  coarse  quartz- 
ose  rock,  frequently  tinged  in  a  great  variety  of  ways.  Many  of 
the  pebbles  of  sandstone  are  traversed  by  white  veins  which  project 
above  the  general  surface :  other  specimens  are  rolled  portions  of 
quartzose  conglomerates,  and  the  greats  part  of  the  materials  com- 
posing them  appear  to  have  been  much  worn,  before  they  were  in- 
closed in  the  cement;  but  some  of  the  fragments  have  sust^ed  very 
little  abrasion  by  removal  from  their  native  bed,  preserving  all  the 
sharpness  of  recent  fractures.  Small  masses  of  iron-ore  are  not  of 
unfrequent  occurrence.  Mr.  Bailey  has  seen  only  erne  specimen  of 
mica-slate.  Many  fragments  of  trap  are  found  in  these  deposits  imd 
some  of  them  are  of  considerable  size,  constituting  the  largest  blocks 
in  the  deposit,  and  sometimes  weighing  two  or  three  hupdred  pounds ; 
they  are  often  much  worn  as  well  as  decomposed  on  the  surface. 
Fragments  of  porphyry  likewise  are  not  rarely  met  with ;  and  masses 
of  greenstone,  or  a  compoynd  of  hornblende  and  felspar,  are  also 
mentioned  by  the  author. 

No  freshwater  or  marine  shells  have  been  discovered  in  these 
accumulations. 

Organic  remains  derived  from  other  deposits  are  very  rare,  with 
the  exception  of  casts  of  vegetable  origin,  Mr.  Bailey  having  found 
onlv  two  impressions  of  shells.  Siliceous  fragments  of  stems  of 
SigUlaria  and  Stigmaria  occur  in  every  pit,  retaining  more  or  less  in- 
dubitable marks  of  their  origin,  and  occasionally  exhibiting  oo  the 
surface  a  smooth,  coffee-brown-coloured  coating.  One  specimen  in 
the  author's  possession,  measuring  nearly  four  and  a  half  feet  in  cir- 
cumference, and  weighing  about  200  pounds,  is  stated  to  retain  what 
appears  to  be  a  portion  of  the  original  bark. 

A  large  series  of  specimens  accompanied  the  memoir,  and  was  pre- 
sented by  the  author. 

A  letter,  dated  February  1840,  from  Mr.  Thompson  of  Yarrells, 
near  Poole,  in  Dorsetshire,  and  addressed  to  Dr,  Buckland*  was  after- 
wards read, 

The  object  of  this  communication  is  to  give  an  account  of  a  boring 
in  search  of  water  at  the  Union  Workhouse,  Longfleet,  near  Poole. 

The  first  land-spring  was  tapped  at  the  depth  of  S6  feet,  the  sur- 
face of  the  ground  being  about  90  feet  above  low  tide  in  Poole  Har- 
bour. The  water  was  abundant  and  rose  four  feet.  The  next 
spring  occurred  at  the  depth  of  127  feet,  and  others  burst  forth 
at  131  feet.  140  feet,  142  feet,  150  feet,  156  feet,  165  feet,  167  feet 
and  185  feet,  from  the  surface.  They  all  flowed  to  the  same  height, 
^d  appeared,  Mr.  Thompson  states,  to  have  been  fed  from  th^  Sfoa? 
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source.  The  next  spring  was  encountered  at  the  depth  of  235  feet » 
in  a  bed  of  white  sand ;  it  flowed  six  feet  higher,  and  was  more 
abundant  than  any  of  the  preceding.  The  spring  which  issued 
from  the  bottom  bed  was  still  stronger,  and  rose  2^  feet  higher  than 
any  of  the  others,  or  to  within  24  feet  of  the  surface.  The  lowest 
pipe  introduced  into  the  boring  had  a  diameter  of  three  Inches ;  it 
was  worked  with  "  two-lift  pumps/'  the  section-pipe  of  each  being 
two  inches  bore,  for  nine  hours  incessantly,  dunng  which  25,728 
gallona  were  discharged.  An  analysis  of  the  water  was  made  by 
Mr.  J.  H.  Cooper,  and  a  gallon  was  found  to  contain  9^  grains  of 
solid  matter,  or  4^  grains  of  oxide  of  iron,  the  remainder  consisting 
principally  of  common  salt  with  a  small  admixture  of  sulphate  and 
carbonate  of  lime,  and  a  trace  of  oxide  of  manganese. 

At  Hamworthy,  near  Poole,  another  boring  has  been  made,  within 
100  yards  of  the  harbour,  to  the  depth  of  314  ket,  through  a 
series  of  beds  similar  to  those  penetrated  at  Longfleet,  and  a  similar 
series  of  springs  was  tapped;  but  as  the  boring  was  commenced  at 
80  feet  lower  level,  or  only  10  feet  above  low  tide  in  Poole  Harbour, 
all  the  springs  flowed  over  the  surface,  though  not  strongly,  lliis 
boring  was  abandoned  on  account  of  the  sand  which  accumulated 
in  the  pipe. 

The  following  is  a  section  of  the  strata  at  the  Longfleet  Union 
Workhouse  :— 

Depth 
Jfo.  of  from  the 

the  Bed.  Nstore  of  the  Bed.  Thickneis.  8ur£Me. 

Foet,  la.    Feet,  In. 

1.  Black  dirt  and  sand 4  0  4  0 

2.  Gravel    40  80 

3.  Fine  yellow  sand   15  0        23  0 

4.  Clay   23         25  8 

5.  Fine  yellow  sand  3  S        28  9 

6.  Fine  brown  sand   2  3        310 

7.  Coarse  brown  sand  and  water 5  6*      36  6 

8.  Cky 16        38  0 

9.  Hard  fine  blue  sand , 19  0        57  0 

10.  Ditto,  with  white  pebbles 2  9  59  9 

11.  Hard  coarse  blue  sand * «•  13  61  0 

12.  Finebluesand  22  0  83  0 

13.  Coarse  dark  red  sand 10  84  0 

14.  Sulphuret  of  iron 0  3  84  3 

15.  Dark  brown  clay   16  85  9 

16.  White  clay  and  sand 3  9  89  6 

17.  Light  blue  clay 210  110  6 

18.  Dark  blue  day 2  0  112  6 

19.  light  blue  clay 4  0  116  6 

20.  Light  blue  rock 2  0  118  6 

21.  Red  sandstone 16  120  0 

22.  Light  blue  rock 2  0  122  0 

•  The  strata  marked  with  an  asterisk  are  those  whkh  threw  out  springs. 


Digitized 


by  Google 


528  Geological  Society. 

Depth 

No.  of  from  the 

the  Bed.  Nature  of  the  Bed.  Thickness.  Surface. 

Feet.  In.  Feet.  In. 

23.  Light  blue  clay 10  123  0 

24.  Coarse  light  blue  sand* 4  0*  127  0 

25.  Dark  blue  clay 10  128  0 

26.  Coarse  light  brown  sand 3  6*  131  6 

27.  Dark  blue  clay 3  0  134  6 

28.  Black  sand  and  petrified  wood 2  0  136  6 

29.  Light  brown  clay 3  0  139  6 

30.  Fine  blue  sand 0  6*  140  0 

31.  White  clay  and  yellow  sand, 2  0*  142  0 

32.  Rock  (metallic) 0  8  142  8 

33.  Light  brown  sand 7  6*  150  2 

34.  Very  hard  light  rock 10  1512 

35.  Fine  blue  sand 5  0*  156  2 

36.  Fine  blue  sand  and  clay  (with  pebbles)  . .  5  0  161  2 

37.  Light  brown  sand-rock 4  0*  165  Of 

38.  Dark  brown  sand 2  0*  167  0 

39.  Yellow  sand  and  dark  brown  clay 4  0  1 71  0 

40.  Yellow  sand  and  white  clay 0  6  1716 

41.  Dark  brown  clay    6  6  178  0 

42.  Dark  clay  and  black  sand 7  0*  185'0 

43.  Light  brown  clay  (hard  crust  every  6  in.). .  44  0  229  0 

44.  H^  blue  sand-rock  (blue  clay  in  laminae).  2  0  231  0 

45.  White  sand    4  3*  235  3 

46.  Pipe-clay    15  0  250  3 

47.  Black  clay 6  9  257  0 

48.  Brown  clay    3  0  260  0 

49.  Stone 10  261  0 

50.  White  sand    5  0  266  0 

Total 266  2 

A  letter,  dated  Glasgow,  January  16, 1841,  from  Mr,  Craig  to  Dr. 
Buckland,  '*  On  the  Boulder  Deposits  near  Glasgow/*  was  also  read. 
The  sand-  and  gravel-beds  of  the  banks  cf  the  Clyde  are  found, 
Mr.  Craig  states,  in  many  places  besides  the  adjacent  districts ;  and 
though  wherever  he  has  examined  them  they  are  superimposed  on 
the  till,  yet  he  does  not  know  if  they  always  occupy  that  position. 
At  Chapel  Hall,  at  the  height  of  350  feet,  a  bone  of  a  Mammoth  or 
Mastodon  was  found  in  a  bed  of  laminated  sand  containing  quartz 
pebbles  with  fragments  of  coal-measures  and  overlying  till.  Similar 
beds  of  sand  occur  near  Eagleham,  twelve  miles  south  of  Glasgow ; 
and  near  Galston  in  Ayrshire,  at  the  height  of  500  feet.  The  sand- 
beds  near  Toll  Cross  on  the  Hamilton  road  extend  nearly  to  Broom 
House  Toll,  where  they  rest  on  till.  East  of  Glasgow  the  sands  lie 
in  the  form  of  a  dyke  between  beds  of  clay,  and  extend  from  the 
river  to  the  College,  where  they  are  cut  off  by  the  wbinstone  dyke 

t  llie  inches  are  omitted  in  the  MS* 
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which  ranges  through  the  city.  On  the  other  side  of  the  Clyde  they 
reach  as  for  as  Mr.  Dixon's  iron- works,  hut  further  down  the  river 
their  thickness  is  not  great.  At  Mr.  Smith's  property  of  Whiteinch 
twelve  feet  of  sand  overlie  thirty  of  soft  clay  and  sand. 

The  bed  containing  recent  shells  at  the  entrance  of  the  Arkleston 
Tunnel'*',  near  Paisley,  is  80  feet  above  high- water  level ;  and  a  simi- 
lar bed  at  Fort  Glasgow  is  40  feet.  In  both  instances  it  is  overlaid 
by  laminated  sands  similar  to  those  at  Toll  Cross,  and  on  which  the 
greater  part  of  the  city  is  built.  Their  highest  level  in  Glasgow  is 
about  the  same  as  that  at  Arkleston. 

The  boulders  are  found  almost  throughout  the  basin  of  the  Clyde 
where  denudation  has  not  taken  place  subsequent  to  their  deposition, 
except  in  the  elevated  trap  districts,  where  they  are  very  rare ;  the 
only  instances  mentioned  in  the  paper  are  the  Baker's  Reservoir  on 
the  summit  of  the  trap  range  of  Kilpatrick,  and  Cochney  Lo^h ;  nor 
do  they  appear  on  those  strata  which  have  been  upheaved  by  trap. 
Qn  the  side  of  the  road  near  Cartlane  Bridge  is  an  accumulation  of 
very  laige  primary  and  transition  boulders  without  till,  forming  a 
kind  of  escarpment  on  the  brow  of  a  very  precipitous  bank  leading  to 
the  valley  of  the  Tee*  The  opposite  slope  is  crowned  with  beds  of 
sand.    Tlie  level  of  these  beds  is  stated  to  be  550  feet  above  the  sea. 

Near  the  source  of  the  Avon  is  a  deposit  of  sand  and  gravel  50  feet 
thick ;  and  similar  beds  occur  at  G^enock  Mains,  on  the  Ayr  road 
from  Muirk  Kirk.  West  of  these  deposits,  on  White  Haugh  Water, 
are  enormous  beds  of  till.  Boulders  or  fragments  of  compact  flesh- 
coloured  felspar  and  reddish  porphyries  are  very  rare  in  this  district, 
but  are  common  in  the  higher  parts  of  Lanark  and  Ayr,  where  these 
rocks  form  dykes^or  beds  in  old  red  sandstone.  Mr.  Craig  has  never 
found  the  slightest  trace  of  the  coal-measures  north  of  the  trap  which 
forms  its  northern  boundary, 

llie  following  is  a  summary  of  the  author's  observations  respect- 
ing the  nature  of  the  boulders  at  Bell's  Park,  and  the  extent  to  which 
they  have  been  scratched : — 

Greywacke,  similar  to  that  which  is  associated  with  slate  near  Rose 
Neath,  and  mica-schist  above  Lass  on  the  borders  of  Loch  Lomond. 
Blocks  very  abundant,  generally  smooth,  angles  rounded,  scratches 
longitudinal,  seldom  or  never  crossing  each  other. 

Porphyritic  traps  and  basalts  are  next  in  abundance ;  a  few  of  the 
basalt-blocks  are  scratched,  but  none  of  the  porphyritic. 

Granite. — The  felspar  large-grained ;  masses  few  in  number,  much 
rounded,  very  smooth,  not  scratched. 

Old  red  sandstone  and  conglomerate. — Abundant,  much  rounded, 
never  scratched.  The  conglomerate  blocks  are  very  like  a  variety 
near  Glen  Sannox  in  Arran. 

Quart zose  rock. — Blocks  not  abundant,  very  smooth ;  more  rounded 
than  any  other,  not  scratched. 

Coal  sandstone.' — Blocks  angular,  scratched  longitudinally.  Frag- 
ments of  iron-stone  rare  and  angular,  but  smooth. 

*  At  this  tunnel  a  bed  of  coal  is  stated  to  have  been  changed  by  trap  into 
a  bed  of  pyrites ;  but  a  stratum  of  limestone,  though  only  two  feet  from 
the  trap,  is  reported  to  retain  its  organic  remains. 
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Carhonifertms  limestone. — ^The  maMes  belonging  to  this  forma* 
tioQ  are  neiit  in  abundance  to  those  denved  from  the  trapa.  When 
large  they  are  much  acratohed  longitudinally  and  tranavenely;  and 
the  angles  are  sharp. 

"  A  note  by  Mr,  Murohison  on  a  Section  and  a  List  of  Fossils  from 
the  State  of  New  York,"  by  James  Hall,  £sq.»  was  likewise  read. 

Mr.  Murchison  says,  that  in  consequence  of  the  researches  of  Mr. 
Featherstonaugh.  Mr.  Conrad,  Mr.  Hall,  Mr.  Vanuzem,  Mr.  R.  C. 
Taylor,  and  other  geologists,  large  tracts  in  the  British  colonies  in 
North  America  and  in  the  United  States  have  been  for  some  time 
known  to  be  composed  of  formations  containing  Silurian,  old  red 
sandstone  and  carboniferous  fossils.  Mr.  Hall's  section,  presenting 
a  tabular  view  of  the  succession  of  formations,  commences  with  tbt 
ml  sandstone  of  Blossburgh  in  Pennsylvania,  proved  to  be  the  repre- 
sentative of  the  old  red  aandstone  or  Devonian  system  of  (heat  Bri- 
tain, in  consequence  of  its  inclosing  remains  of  HohptyehiuM  and 
Coecoetem.  This  deposit  is  succeeded  in  descending  order  by  othep, 
referable,  on  account  of  their  testaceous  remains,  to  the  lower  part  of 
the  same  system,  and  these  are  again  underlaid  by  limestones  and 
shales,  especially  at  Lockport  and  Rochester,  charged  with  Ptih' 
dktyn  hneeolata  and  other  Silurian  corals  and  fossils.  The  lowest 
depodt  alluded  to  by  Mr.  Hall  is  the  Medina  sandstone.  The  fol- 
lowing sectional  list,  in  descending  order,  is  copied  from  his  oom- 
munioation  i*^ 

Red  sandstone. 

Sandstone  and  shale,  abundance  of  fossil  shells. 

Shale,  with  thin  layers  of  sandstone :  Fucoides,  abundance ;  few 
shells, 

Ghreen  and  Uaok  shale,  several  hundred  feet  thick. 

Black  shale. 

Moscow  shale. 

Encrinal  limestone, 

LudlowviUe  shale. 

Thin  mass,  with  Bellerophons. 

Shale. 

Thin  limestone,  with  fossils, 

Marcellus  shale. 

Limestone,  witii  homstone. 

Onondaga  limestone, 

Onondaga  saliferous  group,  containing  gypsum  and  salt^prings. 

Lockport  limestone. 

Rochester  shale. 

Limestone. 

Green  shale,  with  fossils. 

Fentamerus  limestone. 

Oreen  shale  and  iron  ore. 

Red  and  grey  sandstone,  Medina  sandstone"^. 
With  respect  to  the  Onondaga  saliferous  group,  Mr.  Mnrehison 

*  For  detailed  accounts  of  ihe  New  York  Devonian  and  Silurtan  Systems 
and  their  Organic  Remains,  se^  th^  Gsoloneal  Reports  of  tilt  Stele  for 
1838,  1839,  1840. 
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points  out  itg  extremely  low  geological  position^  resting  upon  a  cal<« 
careous  stratum,  which  has  been  proved  by  its  organic  remains  to  be 
the  equivalent  of  the  Wenlock  limestone  ;  and  be  states  t^at  it  is 
of  higher  antiquity  than  the  oldest  salt-bearing  beds  of  Russia.  Mr. 
Murchison  also  alludes  to  the  great  value  of  Mr.  Hall's  communica.. 
tion  in  proving  the  wide  application  of  the  palssozoic  succession  esta- 
blished in  Grreat  Britain, 

April  21.*-^A  paper  **  On  the  Geological  Fhaenomenain  the  Vici- 
nity of  Cape  Town,  Southern  Africa,"  by  the  Rev.  W.  B.  Churke, 
F.G.S,,  WW  read. 

Mr,  Clarke  commences  by  stating,  that  having  derived  no  advaa« 
tage  A:om  the  labours  of  previous  geologists,  his  remarks  must  be 
regarded  as  independent  of  any  prior  description.  He  arranges  his 
details  under  the  heads  of  Physical  aspect.  Mineral  structure,  and 
Geological  changes. 

1 ,  Physical  aspect. ^^The  leading  physical  features  are  the  mag- 
nificent serrated  mountains  called  Blue  Berg  or  Hottentot's  Hoi* 
land,  which  stretch  northward  for  many  mUes  into  the  interior; 
and  the  promontory  which  extends  from  Table  Mountain  to  the 
Cape  of  Good  Hope.  Each  of  these  ranges  consists  of  flat- topped 
masses  interspersed  with  pyramidal  or  pointed  peaks,  and  separated 
by  deep  ravines ;  and  Mr.  Clarke  states  that  their  outline  is  evidently 
owing  to  deep  vertical  fissures  intersecting  horizontal  strata,  proving 
also  that  the  Table  Mountain  is  not  a  solitary  example  of  Uie  fea- 
ture  to  which  it  owes  its  name.  A  level  area  extends  from  the  Iwe 
of  the  Blue  Berg  to  the  shore ;  and  between  the  southern  termina-^ 
tion  of  that  range  and  Table  Mountain,  is  the  low  sandy  distriot 
called  the  Table  Flats,  forming  an  isthmus  between  Table  Bay  and 
False  Bay.  A  prominent  but  subordinate  physical  feature  is  the 
l4on's  Hill,  situated  below  Table  Mountain »  at  tiie  entranoe  of  the 
Bay  is  Robben's  Island,  and  between  the  base  of  the  Blue  Berg  and 
the  shore  is  a  low  range  of  hills  of  limited  extent. 

False  Bay  is  bounded  on  the  west  by  the  Cape  IVomontory,  and 
on  the  east  by  a  continuation  of  the  Blue  Berg,  presenting  the  same 
physical  structure  and  geological  aspect  as  the  Promontory, 

Mineral  structure  and  posittQii^'-^ln  detailing  the  composition  of 
the  rocks  and  the  associated  phsenomena,  Mr.  Clarke  describes  sepa- 
rately, and  in  the  following  order,  first,  each  of  the  principal  physical 
masses ;  namely,  the  Lion's  Rump,  the  district  between  Green  Point 
and  Camp's  Bay,  that  between  Camp's  Bay  and  Cobler's  Holet  the 
Kloof,  and  Table  Mountain ;  and  secondly,  the  modern  deposits, 
springs  and  detritus. 

r/ie  Lion's  Rump* — ^The  lowest  deposit  at  the  Lion's  Rump  varies 
in  characters  from  a  glossy  soft  slate  to  a  hard  and  siliceous,  as  well 
as  a  crystalline  schist,  and  occasionally  to  a  rock  as  close«grained  as 
bassanite,  The  partings  of  the  masses  are  stated  to  be  frequently 
lined  with  a  substance  resembling  soapstone  and  serpentine ;  and 
the  intersection  of  the  joints  giving  the  strata  a  somewhat  columnar 
structure,  the  rock  presents  a  basaltic  aspect.  The  true  line  of  bed- 
4ing.is  not  easily  to  be  distinguished*  but  the  a.utbor  is  of  opinion 
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that  it  ranges  between  north  and  south.  The  cleavage,  where  it 
can  be  detected,  is  nearly  perpendicular  to  the  horizon.  Overlying 
these  schists  and  composing  the  upper  part  of  the  hill,  is  a  yellowish, 
argillaceous  and  sandy  laminated  rock,  which  presents  the  same 
jointed  structure  and  cleavage  as  the  schist ;  and  owing  to  the  in- 
tersection of  the  joints,  the  beds  divide  into  wedge-shi^ied  masses, 
or  regular  prisms  with  pyramidal  terminations.  Mr.  Clarke  is  of 
opinion  that  the  subjacent  schistose  rocks  have  been  intruded  into 
or  amongst  these  upper  beds,  and  he  states  that  the  grooved  and 
fluted  surfaces  betray  the  intensity  of  the  forces  wi^  which  the 
slaty  masses  were  ground  against  each  other.  He  mentions  a  quarry 
below  the  Lion's  Rump  at  the  back  of  Cape  Town,  as  an  examj^e 
of  the  disturbed  position  of  the  schist  and  overlying  sandy  rock.  He 
suggests  tliat  the  schists  may  belong  to  the  Cambrian,  and  the  8!q>er- 
jacent  beds  to  the  lower  portion  of  tibe  Silurian  system. 

The  schistose  rocks  occur  also  in  Robben's  Island ;  and  on  the  other 
side  of  the  Lion's  Rump  they  form  a  reef  of  hard  rock  along  the 
shore,  occurring  at  intervals  at  the  bottom  of  Table  Bay,  and  re-ap- 
pearing in  the  rounded  low  range  upon  the  opposite  coast.  Grooves 
and  scratches,  as  well  as  ripple-marks,  are  very  prominent  on  many 
of  the  slabs. 

2.  District  /ram  Green  Point  to  Camp's  Bay. — ^The  rocks  which 
form  the  general  base  of  the  Lion's  Hill  are  stated  to  be  best  exa- 
mined along  the  flat  shore  which  skirts  it,  and  where  the  successive 
formations  crop  out.  The  slate  rocks  gradually  attain  a  nearly  ver- 
tical dip  as  they  recede  from  the  Lion's  Rump ;  and  between  their  out- 
crop in  the  sea,  where  they  form  the  first  line  of  barrier  rocks,  and 
Ghreen  Point,  they  first  change  into  mica-slate,  which  soon  becomes 
charged  with  hornblende,  then  presents  a  mottled  aspect,  and  gneiss  is 
ultimately  exposed  in  contact  with  granite.  At  the  immediate  junc- 
tion of  the  gneiss  with  the  granite  the  former  is  stated  to  be  in  some 
places  superjficially  black  and  vitreous,  extremely  hard,  as  vesicular 
as  lava,  and  to  be  most  curiously  contorted.  Masses  of  true  Lydian 
stone  and  other  metamorphic  rocks  are  stated  to  be  intercalated  be- 
tween the  ridges  of  slate.  The  true  beds  in  the  vicinity  of  the 
gneiss  range  from  S.E.  to  N.W.,  but  where  that  rock  first  appears, 
the  strata,  as  well  as  the  sandstone,  dip  under  the  Lion's  Rump  at 
an  angle  of  82^  towards  the  N.E.  One  line  of  joints,  called  by  die 
author  cleavage-joints,  b  stated  to  be  inclined  18^  to  the  W.S.W. ; 
and  some  of  the  intercalated  beds  are  said  to  have  similar  joints 
dipping  23°  to  the  N.W.  Directly  under  the  Lion's  Head,  where 
the  gneiss  is  in  contact  with  the  granite,  the  beds  alter  in  their 
direction  about  5°  to  the  west,  the  deavage  joints  changing  also  to 
a  range  of  30°  to  the  west ;  and  the  strata  on  the  shore  are  in 
utter  confusion.  At  this  point  commences  a  series  of  highly  curious 
quartz  veins,  which  intersect  the  gneiss,  passing  in  some  places 
through  the  joints,  as  if  of  posterior  origin  to  the  change  which  fm^ 
duced  that  structure  in  the  rock,  and  they  throw  ofi^  from  each  side 
numerous  branch  veins,  often  at  right  angles  to  the  main  vein.  The 
gneiss  is  described  as  overlaid  by  granite,  and  the  quartz  veins  to  be 
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most  numerous  adjacent  to  it.  Veins  of  granite  are  likewise  visible 
on  the  shore,  intersecting  the  gneiss  near  the  junction  of  the  two 
formations;  and  numerous  instances  of  the  entanglement  of  the 
granite  and  gneiss  were  noticed  by  the  author,  the  fnigments  of  the 
latter,  inclosed  in  the  former,  being  almost  invariably  coated  by 
quartz.  It  is  also  stated,  that  veins  of  quartz  traverse  the  entangled 
portions  exactly  in  the  same  manner  as  the  solid  mass  of  gneiss ; 
and  that  the  entanglement  is  nearly  always  in  connexion  with  the 
joints,  pointing  out,  Mr.  Clarke  is  of  opinion,  that  all  these  phseno- 
mena  are  due  to  one  cause ;  and  he  is  further  of  opinion,  that  the  si- 
lica in  the  quartz  veins  was  deposited  from  a  state  of  vapour.  The 
granite  is  generally  large-grained ;  but  where  it  forms  veins,  either  in 
the  gneiss  or  in  the  great  mass  of  granite,  it  becomes  finely  grained. 

The  whole  of  the  shore  from  this  point  is  granitic,  as  well  as  the 
Lion's  Hill,  except  the  cap  of  sandstone.  The  junction  of  the  granite 
and  the  gneiss  cannot  be  satisfactorily  traced  owing  to  the  covering  of 
vegetation,  but  the  granite  is  flanked  by  nearly  vertical  or  upturned 
beds  of  gneiss  and  slate,  and  Ls  capped  by  horizontal  beds  of  sand- 
stone, which  are  penetrated  by  granite  veins.  These  phsenomena, 
Mr.  Clarke  states,  clearly  establish  the  induction,  that  though  the 
periods  may  have  been  distant,  the  schistose  rocks  owe  their  elevation 
to  the  up-burst  of  the  granite  before  the  deposition  of  the  sandstone ; 
and  that  subsequently  the  granite  has  been  re-heated  and  further 
elevated,  carrying  with  it  the  whole  area  described  to  a  higher  level. 

3.  Camp* 8  Bay  and  Cobler's  Hole, — Granite  extends  along  the 
shore  and  around  Camp's  Bay,  lining  the  edge  of  the  sea  with  huge 
rounded  blocks,  and  the  masses  tit  situ  are  traversed  by  deep  fissures. 
Near  the  cottages  situated  on  the  road  which  winds  round  the  mid- 
dle portion  of  the  Lion's  Head  and  passes  over  the  Kloof  to  Cape 
Town,  two  trap  dykes  intersect  a  soft  decomposed  granite.  Under 
the  Lion's  Head  at  Cobler's  Hole,  and  400  feet  above  the  level  of  the 
sea,  the  granite  ledges,  for  a  vertical  height  of  10  or  12  feet  and  30 
yards  in  horizontal  extent,  are  stated  to  be  covered  with  shingly  soil  or 
an  elevated  beach,  having  imbedded  shells  of  the  same  species  as  now 
inhabit  the  neighbouring  ocean ;  and  they  are  so  firmly  fixed  in  the 
soil  or  to  the  granite  pebbles,  as  to  require  some  trouble  to  extract 
them  entire. 

4.  The  Kloof. — A  vein  of  trap  near  the  summit  of  the  pass  tra- 
verses the  granite,  which  is  there  also  in  a  state  of  decomposition. 
About  six  feet  above  the  road,  the  dyke  is  interrupted  by  a  horizon- 
tal shift  of  eighteen  inches  to  the  west.  At  the  Kloof  is  another 
dyke,  which  is  described  in  Dr.  Abel's  work*. 

5.  Table  Mountain. — ^The  eastern  side  of  this  mountain  is  formed 
of  granite  for  nearly  two-thirds  of  its  vertical  height.  On  the  flat 
ground  at  W3mberg  occur  large  blocks  of  granite  perfectly  rounded, 
and  the  granite  floor  has  the  same  smooth  and  rounded  surface. 
The  flat  between  Wynberg  and  Constantia  has  also  a  substratum  of 
granite,  with  a  covering  of  blown  sand  or  vegetable  soil. 

*  Narrative  of  a  Journey  in  the  iDterior  of  China,  kc.»  1818. 
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On  tbe  opposite  side  of  False  Bay  and  the  Cape  Flats  granite 
again  rises  into  lofty  mural  precipices,  capped,  as  on  the  west  side,  by 
sandstone.  It  therefore  constitates  the  fundamental  rock  of  the 
whole  of  the  district  south  of  the  Lion's  Head,  and  is  everywhere, 
except  at  the  flats  between  Table  and  False  Bays,  crested  by  hori^ 
zontal  beds  of  sandstone.  The  soil  of  the  vineyards  of  Cape  Town 
and  Constantia  is  derived  from  the  decomposition  of  the  granite ;  and 
the  clay  of  which  it  consists  is  either  overlaid  or  contains  a  hard 
layer  consisting  of  quartz  pebbles  and  ferruginous  matter.  Mr.  Clarke 
does  not  class  this  clay,  occasionally  100  feet  thick,  with  modem  or 
recent  formations,  because  it  occurs  at  the  Lion's  Head  in  gullies, 
whither  it  could  have  been  transported  only  by  causes  no  longer  in 
operation ;  it  is  moreover  everywhere  covered  with  enormous  blocks 
of  sandstone,  and  occasionally  of  granite,  but  is  not  mingled  with 
them,  except  at  the  Kloof,  and  in  the  beds  of  the  excavating  tor- 
rents ;  he  is  therefore  of  opinion  that  it  was  accumulated  during  the 
period  when  the  whole  mass  of  granite  lay  beneath  the  waters  of 
the  sea. 

The  sandstone  which  enters  so  largely  into  the  geological  consti- 
tution of  the  Cape  district,  and  forms  the  upper  part  of  Table  Moun> 
tain,  has  not  yet  yielded  any  organic  remains ;  but  in  a  very  similar 
sandstone,  restmg  upon  granite,  at  Cedar  Berg  and  other  parts  of 
the  colony,  true  Silurian  Trilobites,  with  other  fossils  of  that  age, 
have  been  found  ^.  The  Cape  sandstone  is  stated  to  resemble  in 
mineral  character  the  Caradoc  more  than  the  old  or  new  red  sand- 
stone, and  the  altered  portions  are  said  to  be  closely  analogous  in 
appearance  to  the  Lickey  quartz  rock.  Many  of  the  beds  are  soft 
and  white ;  others  are  hard,  dark -coloured,  and  very  ferruginous ; 
and  some  are  composed  of  a  quartzose  conglomerate.  Laige  hol- 
lows or  excavations,  such  as  exist  where  the  sea  beats  against  a 
sandstone  cliff,  appear  in  all  the  sandstone  escarpments,  plainly  show* 
ing,  Mr.  Clarke  observes,  that  the  sandstone  of  Table  Mountain  was 
once  a  cliff  acted  upon  by  the  sea,  and  the  boulders  of  that  rock  on 
the  slope  beneath  bear,  he  says,  unequivocal  signs  of  the  action  of 
currents  of  water.  No  beds  decidedly  calcareous  were  observed  by 
Mr.  Clarke ;  but  he  mentions  a  stalactite  forty  feet  long  exhibited 
at  Constantia,  and  the  occurrence  of  similar  stalactites  on  the  sides 
of  the  mountain  at  Houts  Bay,  as  indications  of  the  existence  of 
bands  of  limestone  or  calcareous  sandstone.  He  also  alludes  to  the 
two  hills  of  limestone  at  Cape  Agulhas. 

Modern  Depoeits, -^These  are  confined  to  the  dunes  along  the 
coast  at  the  foot  of  the  Blue  Berg,  the  sand  ridges  on  the  Cape 
Flats,  and  the  drift  sand  on  the  wide  space  under  the  slope  of  the 
Cape  Promontory  towards  Constantia.  Mr.  Clarke  also  includes  in 
them  the  concretions  or  calcareous  sand  tubes  formed  around  the 
roots  and  stems  of  marine  plants  near  Green  Point,  and  at  other  lo- 
calities.  These  accumulations  generally  assume  the  form  of  an 
elongated  tumulus,  and  are  occasionally  from  80  to  100  feet  thick. 

♦  For  an  account  of  Dr.  Smith's  discoveries  at  Cedar  Berg  see  Mr. 
Murchison's  Silurian  System,  p.  583.  1839* 
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The  author  also  aUudes  to  the  vegetable  and  other  debris  brought  to- 
gether by  the  rains,  and  to  the  commencement  by  this  means  of  an 
embryo  lignite  formation  on  one  side  of  the  Cape  Flats. 

Springs.^^Tht  weU-water  in  Cape  Town  is  considered  unwhole- 
some. Under  Table  Mountain  is  a  spring  which  rises  from  the  gra- 
nite, and  is  computed  to  throw  out  daily  150,000  gallons;  and  at 
Ncwlands  near  Wynbergis  a  spring  of  sufficient  volume  to  work  two 
mills,  and  to  discharge  daily  850,000  gallons.  That  these  springs 
are  not  the  result  of  accumulations  from  the  heights,  is  proved,  Mr. 
Clarke  says,  from  their  not  varying  with  the  season,  and  because  the 
water  cannot  be  made  to  rise  above  the  level  at  which  it  appears. 

Dtfl»t/iw.— The  accumulations  described  under  this  head  are  en* 
ttrely  local,  being  derived  from  the  subjacent  or  neighbouring  rocks. 
Tlie  smooth  and  rounded  granite  boulders  also  do  not  extend  beyond 
the  range  of  the  granite,  but  Mr.  Clarke  is  of  opinion  that  the  ancient 
currents  which  flowed  over  the  Cape  Flats  may  have  assisted  in  their 
partial  removal,  and  may  have  rounded  some  of  them.  In  the  in- 
terior, masses  df  granite,  similar  to  the  Tors  of  Dartmoor,  are  stated 
to  occur. 

Geological  changes, — ^The  first  points  noticed  by  Mr.  Clarke,  are 
U&e  protrusion  of  the  granite  through  the  slates  at  the  Lion's  Head,  the 
consequent  vertical  position  of  the  schistose  beds,  the  occurrence  of 
fragments  of  granite  in  blocks  of  sandstone ;  and  the  proofs  deduoible 
fivm  the  granite  veins  which  penetrate  and  alter  the  gneiss,  as  well  as 
traverse  the  superincumbent  sandstone,  of  the  granite,  since  its  first 
elevation,  having  been  re-heated.  He  also  alludes  to  the  quartz  veins 
which  are  crossed  by  others  of  the  same  nature,  as  evidences  of  there 
having  been  two  periods  of  action  during  which  the  rock  was  fissured 
and  veins  formed ;  and  to  the  trap  dykes,  as  proofs  of  igneous  acti« 
vity  since  the  consolidation  of  the  granite.  He  likewise  mentions 
the  softening  or  the  decomposidon  of  the  granite  where  traversed  by 
trap  dykes. 

llie  author  next  describes  the  changes  in  the  relative  level  of  land 
and  sea.  Everjrthing,  he  says,  tends  to  confirm  the  inference,  that 
the  whole  country  was  at  a  comparatively  recent  period  under  water. 
Thus  the  shingle  beds,  resting  upon  granitCi  at  Cobler's  Hole,  prove 
an  deration  of  at  least  400  feet  since  the  present  species  of  testaoea 
inhabited  the  adjacent  seas ;  and  he  adds,  '*  llie  water-worn  masses 
of  sandstone  and  the  hollows  in  the  beds  of  that  rock  in  $itu,  iden* 
tical  with  those  now  produced  by  sea-waves  beating  against  a  clifF, 
equally  prove  the  condition  of  previous  elevation ;  and  the  steep  sides 
of  the  granite,  in  parallel  lines  of  coast,  also  lead  to  the  conclusion  that 
they  were  so  modified  by  currents  acting  in  lines  coincident  with  their 
direction."  The  occurrence  of  marine  shells  in  the  sand  at  the  Cape 
Flats  likewise  shows  that  the  sea  once  covered  that  district ;  and  the 
grooves  and  scratches  at  the  Lion's  Rump,  Mr.  Clarke  observes> 
justly  lead  to  the  inference  of  elevation.  Before  the  commencement 
of  these  changes  in  the  relative  level  of  land  and  sea,  False  Bay  and 
Table  Bay  must  have  been  united  by  a  sheet  of  water  more  than 
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sixty  fathoms  deep,  extending  over  the  flats,  and  the  Gape  Promontorj 
must  have  heen  an  island.  To  the  action  of  the  sea  at  that  period  Mr. 
Clarke  attributes  the  production  of  the  felspathic  clay,  and  its  accu- 
mulation at  the  Lion's  Rump ;  and  to  the  action  of  currents  at  an 
earlier  period,  when  the  summit  of  the  Table  range  lay  as  islands 
and  reefs  not  far  above  the  level  of  the  sea,  the  removal  of  the  sand- 
stone and  the  excavation  of  the  granite  at  the  Kloof,  also  the  denu- 
dation and  rounding  of  the  ridge  of  the  Lion's  Hill,  the  denudation 
of  Robben*s  Island,  and  the  production  of  those  terraces,  which  from 
the  summit  of  Table  Mountain  appear  to  stretch  gradually  down- 
wards to  the  Cape  of  Oood  Hope.  The  separation  of  the  Lion's 
Rump  and  the  Devil's  Mountain  from  the  Table  Mountain,  and 
the  fissures  throughout  the  range,  the  author  conceives  were  pro- 
duced during  the  elevation  of  the  country.  Proofs  of  changes  of  re- 
lative level  of  sea  and  land  are  stated  to  be  equally  apparent  in  the 
interior ;  and  Mr.  Clarke  says,  that  the  inspection  of  an  accurate  map 
will  convince  the  inquirer,  that  Southern  Africa  must  have  been  an 
Archipelago.  In  conclusion,  some  general  observations  are  made  on 
the  great  similarity  in  the  geological  composition  of  Southern  Africa 
and  New  South  Wales. 

May  5. — A  Memoir  "On  the  Distribution  of  the  Erratic  Boulders, 
and  on  the  contemporaneous  unstratified  Deposits  of  South  America," 
by  Charles  Darwin,  Esq.,  F.R.S.,  F.G.S.,  was  read. 

The  extensive  regions  more  particularly  noticed  in  this  paper  are 
the  plains  traversed  by  the  Rio  Santa  Cruz  (lat.  50°  S.) ;  Herra 
del  Fuego,  including  the  coasts  of  the  Strait  of  Magellan,  and  the 
Island  of  Chiloe  (lat,  43°  S.,  long.  73^  W.). 

Patagonia, — Between  the  Rio  Plata  and  the  Rio  Santa  Cruz, 
Mr.  Darwin  did  not  observe  any  boulders,  and  the  only  one  he  no- 
ticed in  ascending  the  first  100  miles  of  the  latter  river  was  a  mass 
7  feet  in  circumference,  about  57  miles  from  its  mouth,  or  100  from 
the  Cordillera.  At  100  miles  from  the  coast,  or  67  from  the  near- 
est slope  of  the  Cordillera,  transported  blocks  first  occur,  and  12 
miles  nearer  the  chain  they  are  extraordinarily  numerous,  consisting 
of  clay-slate,  felspathic  rocks,  chlorite  schist  and  basaltic  lava. 
They  are  generally  angular,  and  some  of  them  are  of  immense  size, 
one  being  60  f^et  in  circumference,  and  projecting  from  5  to  6  feet 
above  the  surfiace  of  the  ground.  The  vast  open  plain  on  which 
they  lie  scattered,  is  here  1400  feet  above  the  level  of  the  sea,  and 
its  surface  is  somewhat  irregular,  owing  partly  to  denudation  and 
partly  to  the  protrusion  of  hummocks  and  fields  of  lava.  The  plain 
slopes  gently  and  regularly  towards  the  Atlantic,  where  the  sea- 
cliffs  are  about  800  feet  high ;  but  towards  the  Cordillera  it  rises 
more  abruptly,  attaining  near  the  chain  an  elevation  of  3000  feet. 
The  highest  peaks  of  the  Cordillera  in  this  part  of  its  range  do  not 
exceed  6400  feet  above  the  level  of  the  sea.  The  following  section, 
exhibited  in  the  banks  of  the  Santa  Cruz  in  longitude  70^  50^  W., 
is  given  by  Mr.  Darwin  to  illustrate  the  nature  of  the  plain  on  which 
the  boulders  rest. 


Digitized 


by  Google 


Boulders  and  Vnsiratified  Deposits  of  South  America.  5S7 

feet. 

1 .  Gravel,  or  well-rounded  shingle,  coarsely  stratified,  bear- 1        0,0 
ing  chiefly  on  its  surface  great  angular  erratic  blocks . .  J 

2.  Basaltic  lava 322 

3.  Variously  coloured  thin  strata,  the  lower  ones  contain- 1 

ing  minute  pebbles  of  the  same  nature  as  the  boulders,  >       588 
with  the  exception  of  the  lava J 


1122 
Bed  of  the  Santa  Cruz,  above  the  level  of  the  sea 280 

1402 

The  shingle  bed  (1.)  extends  uninterruptedly  to  the  coa^t,  where 
it  is  certainly  of  submarine  origin  ;  and  from  the  general  similarity 
of  its  nature,  Mr.  Darwin  is  of  opinion,  that  it  was  all  accumulated 
under  the  same  circumstances.  The  contrast  in  the  means  of  trans- 
port between  the  deposits  (3.)  and  (1.),  the  former  consisting  of  fine 
particles  and  the  latter  of  large  pebbles  and  immense  blocks  of  the 
same  rocks  with  the  former,  is  noticed  by  Mr.  Darwin  as  an  inter- 
esting circumstance. 

The  valley  of  the  Santa  Cruz  widens,  on  approaching  the  Cordil- 
lera, into  an  estuary-like  plain,  which  has  an  elevation  of  only  440 
feet ;  and  it  is  believed  by  Mr.  Darwin  to  have  been  submerged 
within  the  post-pleiocene  period,  because  existing  sea-shells  were 
found  near  the  mouth  of  the  plain,  and  because  terraces,  which,  near 
the  coast,  certainly  are  of  recent  submarine  origin,  extend  far  up  the 
valley.  Around  this  estuary-like  plain,  and  between  it  and  the 
great  high  plain,  is  a  second  plain,  800  feet  in  height,  the  surface 
of  which,  as  well  as  the  bed  of  the  river  in  this  part,  consists  of 
shingle  with  great  boulders.  Some  of  these  are  of  granite,  sienite 
and  conglomerate,  rocks,  which  were  not  observed  by  Mr.  Darwin 
on  the  high  plain ;  and  on  the  contrary,  the  boulders  of  basaltic 
lava  which  were  so  numeroils  there,  were  entirely  absent  from  this 
lower  plain  and  the  river-course.  From  these  circumstances,  and 
likewise  from  the  immense  quantity  of  solid  matter  which  must  have 
been  removed  in  excavating  the  valley  of  the  Santa  Cruz,  the  author 
infers  that  the  boulders  on  the  intermediate  plain  and  in  the  bed 
of  the  river,  between  30  and  40  miles  from  the  Cordillera,  are  not 
derived  from  the  wreck  of  the  high  plain,  but  were  transported  from 
the  Cordillera  subsequently  to  ^e  modelling  of  the  country,  and 
within,  or  not  long  before,  the  period  of  existing  shells. 

Mr.  Darwin  did  not  observe  erratic  blocks  in  any  other  part  of 
Patagonia,  but  he  states,  on  the  authority  of  Capt.  King,  that  large 
fragments  of  primary  rocks  occur  on  the  surface  of  the  great  plain 
which  terminates  at  Cape  Gregory,  in  the  Strait  of  Magellan. 

Tierra  del  Fktego,  and  Strait  of  Magellan, — ^The  eastern  portion  of 
Tierra  del  Fuego  is  formed  of  large  outliers  of  the  Patagonian  form- 
ation, fringed  by  deposits  of  more  recent  origin.  These  lower 
plains,  varying  in  height  from  100  to  250  feet,  have  been  elevated 
within  the  post-pleiocene  period  ;  and  thev  consist  of  finely  grained 
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argillaceous  sandstone  arranged  in  thin  horizontal  or  inclined  laminae, 
and  often  associated  with  curved  layers  of  gravel.  On  the  eastern 
horders  of  the  Straits  of  Magellan,  and  at  Elizabeth  Island,  Cape 
Negro,  Nuestra  Seiiora  de  Gracia,  all  within  the  Straits,  as  well  as 
along  the  line  of  coast  extending  to  Port  Famine,  the  sandstone 
passes  into,  or  alternates  with,  great  unstratified  deposits,  either  of 
an  earthy  nature  and  whitish  colour,  or  of  a  hardened  coarse-grained 
mud  of  a  dark  colour,  both  containing  angular  and  rounded  fragments 
as  well  as  great  boulders  of  sienite,  greenstone,  felspathic  rocks, 
day-slate,  homblende-skte,  and  quartz.  These  are  arranged  without 
the  slightest  indication  of  order,  and  are  derived  iBrom  mountains  at 
least  60  miles  distant  to  the  west  or  south-west.  Sometimes  the 
mass  is  divided  by  beds  of  stratified  shingle.  North  of  Gape  Vir- 
gins, neaf  the  entrance  of  the  Strait,  it  alternates  with  beds  of  argil- 
laceous, horizontally  laminated  sandstone,  Often  thinning  out  and 
becoming  curvilinear  at  each  end.  The  inclosed  fragments  must,  in 
this  case,  have  been  transported  at  least  120  miles.  Though  Mr. 
Darwin  observed  only  two  boulders  imbedded  in  this  deposit,  yet 
as  he  did  not  notice  any  scattered  on  the  surface  of  the  country*  he 
concludes  that  the  boulders  which  occur  in  vast  numbers  on  all  the 
beaches  have  generally  been  washed  out  of  the  clififis :  in  St.  Sebas- 
tian's Bay,  however,  on  the  east  coast  of  Tierra  del  Fuego,  he  found 
many  blocks  in  a  protected  position  at  the  base  of  a  naked  cliff  200 
feet  high,  entirely  composed  of  thin  strata  of  finely  grained  sand- 
stone ;  he  therefore  infers  that,  in  this  instance,  they  must  have  been 
derived  from  a  thin  superficial  deposit.  From  the  form  of  the  land 
where  these  boulders  occur,  it  is  clear,  Mr.  Darwin  states,  that  long 
anterior  to  the  present  total  amount  of  elevation,  a  wide  channel 
*  must  have  connected  the  middle  of  the  Strait  of  Magellan  with  the 
Atlantic ;  and  from  the  occurrence  of  boulders  on  the  low  neck  of 
land  near  Elizabeth  Island,  that  at  the  same  period  a  straight  channel 
must  have  existed  between  Otway  Water  and  the  eastern  arm  of  the 
Strait.  As  the  present  currents  off  Gape  Horn  set  from  the  west, 
Mr.  Darwin  says,  it  is  probable  that  Uie  ancient  currents  had  a 
similar  direction,  and  this  inference,  he  adds,  is  in  accordance 
with  the  fact,  that  the  boulders  and  smaller  fragments  have  been 
transported  from  mountains  to  the  west.  Navarin  Island,  and 
several  adjacent  islets  off  the  extreme  southern  parts  of  Tierra 
del  Fuego,  are  fringed  at  about  an  equal  height  by  an  unstratified 
boulder  deposit,  very  similar  to  that  of  the  Strait  of  Magellan ;  and 
in  Beagle  Channel,  which  separates  Navarin  Island  from  Tierra  del 
Fuego,  it  occasionally  alternates  regularly  with  layers  of  shingle. 
This  extensive  deposit  resembles,  Mr.  Darwin  states,  the  "  'Hll "  of 
Scotland,  and  the  boulder  formation  of  Northern  Europe  and  the 
East  of  England.  The  interstratification  of  regular  beds,  the  occa« 
sional  appearance  of  stratification  in  the  mass  itself,  the  juxtaposition 
of  rounded  and  angular  fragments  of  various  sizes  and  kinds  of  rock 
derived  from  distant  mountains,  and  the  frequent  capping  of  gravel, 
indicate  some  peculiar  but  similar  origin  in  this  deposit  of  the  above 
widely  separated  regions,    Mr.  Darwin  follows  Mr.  Lyell  in  belie* 
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ving  that  floating  ice,  charged  "with  foreign  matter,  has  been  the  chief 
agent  in  its  formation ;  but  he  adds  that  it  is  difficult  to  understand 
how  the  finest  sediment  was  arranged  in  horizontal  laminae,  and 
coarse  shingle  in  beds,  while  stratification  is  totally,  and  often  sud- 
denly; wanting  in  the  closely  neighbouring  tiU,  if  it  be  supposed 
that  the  materials  were  merely  dropped  from  melting  drift  ice  ;  and 
he  is  disposed  to  think  that  the  absence  of  stratification,  as  well  as 
the  curious  contortions  described  in  some  of  the  stratified  masses, 
are  mainly  due  to  the  disturbing  action  of  icebergs  when  groimded. 
He  believes  also  that  the  total  absence  of  organic  remains  in  these 
deposits  may  be  accounted  for  by  the  ploughing  up  of  the  bottom 
by  stranded  icebergs,  and  the  impossibility  of  any  animal  existing  on 
a  soft  bed  of  mud  or  stones  under  such  circimistances;  In  confirm- 
ation of  the  disturbing  action  of  icebergs,  Mr.  Darwin  refers  to 
Wrangeli's  remarks  on  their  efiects  QfiF  the  coast  of  Siberia. 

Chiloe. — ^North  of  latitude  47°  and  between  it  and  the  southern  ex- 
tremity of  Chiloe,  the  author  landed  at  several  points,  but  saw  no 
boulders ;  and  he  explains  their  absence  by  the  coast  being  at  a  distance 
from  the  Cordillera,  and  separated  from  it  by  intervening  high  land. 
At  Chiloe  erratic  boulders,  often  of  great  size  and  consisting  of  granite 
and  sienite,  occur  in  vast  numbers  along  the  whole  line  of  the  east- 
ern and  northern  beaches,  as  well  as  on  the  islets  parallel  to  the 
eastern  coast,  and  on  the  land  at  the  height  of  upwards  of  200  feet ; 
but  the  author  did  not  observe  any  on  the  western  coast  at  the  two 
points  which  he  examined,  nor  during  An  excursion  of  80  miles 
across  the  high  central  portion  of  the  island.  Chiloe  consists,  as  far 
as  Mr.  Darwin  ascertained,  of  mica-slate  and  volcanic  formations, 
extensively  bordered,  but  chiefly  on  the  eastern  and  northern  sides, 
by  a  horizontally-bedded  tertiary  sandstone  and  volcanic  grit.  On  ' 
the  eastern  coast,  the  land  is  indistinctly  modelled  into  successively 
rising  plains,  the  surfaces  of  the  upper  and  the  whole  thickness  of 
some  of  the  lower  being  in  general  composed  of  stratified  shingle. 
A  few  boulders  occur  in  this  gravel ;  and  as  the  shores  have  been 
extensively  denudated,  Mr.  Darwin  infers  that  most  of  the  very 
numerous  blocks  on  the  beaches  were  originally  included  in  it.  At 
the  northern  end  of  the  island,  the  granitic  and  sienitic  boulders  are 
intermingled,  but  30  miles  to  the  southward,  the  author  noticed  only 
granite  blocks.  The  parent  rock  he  believes  lies  in  the  Cordillera ; 
and  several  of  the  varieties  of  granite  and  sienite  at  the  northern 
end  of  the  island  are  stated,  on  the  authority  of  an  intelligent  resi- 
dent, to  form  whole  mountains  in  Reloncavi  Sound,  on  the  opposite 
part  of  the  main  land.  The  larger  masses  were  quite  angular,  and 
resembled  fragments  at  the  foot  of  a  mountain.  One  block  measured 
15  feet  in  length,  11  in  breadth,  and  9  in  height ;  another,  of  a  pen- 
tagonal form,  11  feet  on  each  side,  and  at  one  part  projected  16  feet 
above  the  sand,  in  which  it  was  partly  buried. 

At  the  extreme  northern  point  of  Chiloe,  a  headland  250  feet 
high  is  joined  to  Lacuy  peninsula  by  a  low  neck  of  land ;  and  from 
its  composition,  height  and  stratification,  Mr.  Darwin  ascertained 
that  it  was  once  continuous  with  the  opposite  coast.    The  boulders 
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were  much  more  numerous  on  the  isthmus  and  its  sides  at  the 
height  of  150  feet,  than  on  any  other  part  of  the  surrounding  coun- 
try ;  and  as  the  sea  must  huve  flowed  over  this  isthmus  in  a  channel, 
previous  to  the  amount  of  elevation,  ascertained  to  have  taken  place 
here  within  the  post-pleiocene  period,  the  position  of  these  boulders 
proves,  according  to  Mr.  Darwin,  even  more  clearly  than  the  cases 
occurring  in  Herra  del  Fuego,  the  evident  relationship  between 
their  distribution  and  the  lines  of  anciently  existing  sea-channels. 
In  the  southern  half  of  Ghiloe,  and  on  one  of  the  Chonos  islands,  the 
author  discovered  a  deposit  of  hardened  mud,  including  hr  trans- 
ported, angular  and  rounded  fragments,  and  resembling  the  till  of 
the  Straits  of  Magellan.  In  a  layer  of  loose  sand  at  the  base  of  the 
cliff  in  the  latter  locality,  he  noticed  a  quantity  of  comminuted  ma- 
rine shells  with  a  fresh  aspect ;  and  at  Ghiloe  he  also  observed,  at  a 
point  where  a  mass  of  till  passed  into  finely  grained  laminae,  small 
fragments  of  a  Cythersea. 

With  respect  to  the  age  of  the  boulder  formation  of  Ghiloe,  Mr. 
Darwin  offers  no  precise  remark,  but  he  says  that  it  probably  occurs 
within  the  post-pleiocene  period,  because  at  a  height  of  350  feet  on 
the  peninsula  of  Lacuy,  and  therefore  considerably  above  the  level 
of  this  formation,  a  great  bed  of  existing  sea-shdls  was  observed, 
and  neither  tlie  boulder  nor  accompanying  beds  appear  to  have  been 
of  deep-water  origin.  Similar  evidence  was  adduced  respecting'  the 
age  of  the  till  of  Tierra  del  Fuego.  North  of  41®  47'  S.  lat.,  Mr. 
Darwin  did  not  observe  on  the  Pacific  side  of  South  America  either 
boulders  or  till ;  nor  any  north  6i  the  Straits  of  Magellan,  on  the 
shores  of  the  Atlantic  side ;  and  he  accounts  for  the  absence  of  erra- 
tic blocks  in  the  latter  region  by  its  great  distance  from  the  Cor- 
dillera. He  is  also  strongly  of  opinion  that  till  will  be  found  to 
be  limited  to  the  latitudes  in  which  true  boulders  occur. 

Glaciers,  SfC, — In  the  concluding  part  of  his  memoir,  the  author 
offers  a  few  remarks  on  the  glaciers  of  Tierra  del  Fuego,  and  on  the 
transport  of  the  boulders.  He  did  not  disembark  on  any  glader, 
but  in  the  Beagle  and  Magdalen  channels  he  passed  within  2  miles 
of  several.  The  mountains  were  covered  vith  snow,  and  the  gla- 
ciers formed  many  short  arms,  terminating  at  the  beach  in  low  per- 
pendicular cliffis  of  ice.  Their  surface,  to  a  considerable  height  on 
the  mountains,  was  perfectly  dean  and  of  a  bright  azure  colour ;  and 
the  former  condition  he  ascribes  to  their  shortness,  to  their  not 
being  flanked  by  overhanging  precipices,  and  to  their  not  being 
formed  by  the  junction  of  two  or  more  smaller  streams.  The  de- 
scent of  the  glaciers,  Mr.  Darwin  states,  cannot  be  very  slow,  as  vast 
masses  continually  break  off  with  a  great  noise,  and  produce  a  tu- 
multuous surf  on  the  adjacent  beaches.  The  glaciers  in  the  Beagle 
Channel  were  generally  bordered  by  a  tongue  of  land  composed  of 
huge  fragments  of  rock,  and  many  boulders  were  strewed  on  the 
neighbouring  shores.  The  glacier  which  he  approached  most 
closely  descended  to  the  head  of  a  creek  formed  on  one  side  by  a 
wall  of  mica-slate,  and  on  the  other  by  a  broad  promontory  from 
50  to  60  feet  high,  on  which  he  landed :  it  appeared  to  consist  en- 
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tirely  of  enormous  masses  of  granite.  This  promontory,  he  con* 
ceives,  was  once  a  lateral  moraine,  and  as  it  projects  nearly  half  a 
mile  beyond  the  extremity  of  the  glacier,  and  is  covered  with  old 
trees,  he  infers  that  the  glacier  has  diminished  in  length  to  that  ex- 
tent. 

Mr.  Darwin  says  it  is  impossible  to  explain  the  distribution  of 
boulders  without  the  agency  of  ice,  but  he  adds,  that  neither  the  till 
of  the  Strait  of  Magellan  which  passes  into,  and  is  irregularly  inter- 
stratified  with,  a  laminated  sandstone  containing  marine  remains, 
noi;  the  stratified  gravel  of  Chiloe,  can  have  been  produced  like 
ordinary  moraines.  The  boulders,  likewise,  on  the  lower  levels  at 
the  head  of  the  Santa  Cruz  river,  he  considers,  could  not  have  been 
distributed  in  their  present  position  by  glaciers,  the  surface  having 
been  modelled  by  the  action  of  the  sea ;  and  the  little  inclination  of 
the  high  plain  from  the  ridge  of  the  Cordillera  to  where  the  boulders 
occur,  as  well  as  the  absence  of  mounds  or  ridges  on  it,  and  the  form 
of  the  fragments,  render  it  very  improbable  that  they  were  pro- 
pelled from  the  mountains  by  ancient  glaciers.  Hence,  he  con- 
cludes, that  the  blocks  of  Tierra  del  Fuego  and  Chiloe  were  certainly 
transported  by  floating  ice,  and  most  probably  those  of  the  low  and 
high  plains  of  Santa  Cruz.  Finally,  he  is  of  opinion,  from  the  ge- 
neral angularity  of  the  blocks,  and  from  the  present  nature  of  the 
climate  of  the  southern  parts  of  America,  which  favours  the  descent 
of  glaciers  to  the  sea  in  latitudes  extraordinary  low,  that  it  is  more 
probable  that  the  boulders  were  transported  on  the  surface  of  ice- 
bergs, detached  from  glaciers  on  the  coast,  than  imbedded  in  masses 
of  ice,  produced  by  the  freezing  of  the  sea. 

May  19th. — A  paper  *•  On  the  Agency  of  Land  Snails  in  corroding 
and  making  deep  Excavations  in  compact  Limestone  Rocks,"  by  the     • 
Rev.  Professor  Buckland,  D.D.,  F.G.S.,  was  first  read. 

During  th^  meeting  of  the  Geological  Society  of  France  at  Bou- 
logne, in  September  1839,  Dr.  Buckland's  attention  was  called  by 
Mr.  Grreenough  to  a  congeries  of  peculiar  hollows  on  the  under  sur- 
fJAce  of  a  ledge  of  carboniferous  limestone  rocks.  They  resembled 
at  first  sight  Uie  excavations  made  by  Pholades,  but  as  he  found  in 
them  a  large  number  of  the  shells  of  Helix  aspersa,  he  inferred  that 
the  cavities  had  been  formed  by  snails,  and  that  probably  many  ge- 
nerations had  contributed  to  produce  them*. 

A  few  years  since,  the  Rev.  N.  Stapleton  informed  the  author  that 
he  had  discovered  at  Tenby,  in  the  carboniferous  limestone  on  which 
the  ruins  of  the  castle  stand,  perforations  of  Pholades  30  or  40  feet 
above  high-water  level ;  but  having  recently  examined  the  spot.  Dr. 
Buckland  ascertained  that  these  excavations  were  the  work  of  the 
same  species  of  Helix  as  that  which  had  formed  the  cavities  in  the 
limestone  near  Boulogne,  and  he  found  within  them  specimens  of 
the  dead  shells  as  well  as  of  the  living.  The  mode  of  operation  by 
which  the  excavations  were  made,  he  conceives,  is  the  same  as  that 
by  which  the  common  limpet  {Patella  vulgata)  corrodes  a  socket  in 

*  See  Bulletin  GeoL  Soc.  France,  voL  x.  p.  434, 1839» 
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dalcareous  rocks,  and  he  is  of  opinion  that  the  corrosion  is  due  to  the 
action  of  some  acid  secreted  &x>m  the  body  of  the  limpet  or  helix. 

That  the  perforations,  both  at  Boulogne  and  Tenby,  were  not  the 
work  of  Pholades,  Dr.  Buckland  says,  is  evident, 

1st.  From  their  size  and  shape,  which,  instead  of  the  straight  and 
regular  form  accurately  fitting  the  shell  of  the  animal  by  which  each 
hole  was  perforated,  are  tortuous,  irregulaily  enlarging  and  contract- 
ing, and  rarely  continuous  in  a  straight  line.  The  holes  moreover 
are  often  separated  by  only  a  thin  partition,  or  are  confluent. 

2ndly.  Because  they  are  wanting  on  the  upper  surface  of  die 
jnrojeotmg  ledges  of  limestone,  whilst  on  t^e  sides  and  lower  sur- 
faces of  the  ledges  they  are  excavated  to  considerable  deptha. 

The  above  reasons,  ])r.  Buckland  says,  against  the  excavations 
having  been  made  by  anv  marine  lithophagou^  animal,  are  fitvour- 
able  to  the  hypothesis  wiuch  refers  the  production  of  them  to  snails. 
These  animals,  he  observes,  could  find  shelter  only  on  the  margin 
and  lower  surface  of  the  projecting  rock,  and  the  irregular  fonn  of 
the  confluent  cavities  correspond  with  that  of  the  clusters  of  snails 
in  their  ordinary  latitat  and  hybernation ;  and  if  to  these  reasons  be 
added  the  fact  of  finding  both  living  and  dead  shells  in  the  excava-^ 
tions,  the  evidence,  the  author  conceives,  is  decisive  as  to  the  agency 
of  snails  in  producing  the  phssnomena  under  consideration. 

In  conclusion,  the  author  offers  some  remarks  on  the  meaps  by 
whibh  these  hollows  have  been  corroded  having  been  overlooked, 
in  consequence,  he  suggests,  of  their  having  been  probably  rdierred 
to  the  action  of  the  weather,  or  water,  orto  origintd  irregularitieein 
the  composition  of  the  stone. 

A  paper  "  On  Moss  Agates  and  other  SiliceouB  Bodies,"  by  John 
Scott  Bowerbank,  Esq.,  F.Q.S.,  was  then  read.  * 

In, a  paper  "  On  the  Origin  and  Structure  of  Chalk-flints  and 
Oreensand  Cherts'*',"  Mr.  Bowerbank  inferred  that  the  sponges  from 
which  he  conceives  those  bodies  originated,  differed  firom  recent  kera- 
tose  sponges  only  in  hailing  possessed  numerous  siliceous  spicula. 
Since  that  paper  was  read,  the  author,  however,  has  found  in  true 
keratose  sponges  from  Australia  t»  as  well  as  in  the  sponges  of  com* 
merce  from  the  Mediterranean  and  the  West  Indies  |,  siliceous  ^icuk 
in  great  abundance.  All  discrepancies,  therefore,  between  the  extinct 
and  modem  typea  of  a  portion  of  the  animals  under  consideration,  he 
sa3r8,  is  now  removed.  In  these  prefatory  remarks,  Mr.  Bowerbank 
likewise  states  that  there  is  at  present  only  one  known  spedes  of 
recent  sponge  (8,  fistularis)  the  fibre  of  which  is  truly  tubular. 

The  author  then  proceeds  to  detail  the  evidences  of  the  existence 
in  moss  agates  from  Oberstein  and  other  parts  of  Germany,  as  wdl 
as  from  Sicily,  and  in  green  jaspers  from  India,  of  the  remains  ci 
sponges,  in  l^e  following  order ;  1st,  the  proofs  of  the  fibrous  struc- 
ture ;  2nd,  o^  the  preservation  of  gemmiUes ;  and  drd,  those  of  the 

*  See  Geol.  Trans.,  2nd  Series,  vol,  vi.  Part  1,  1841.    Proceedings, 
vol.  iii.  p.  278,  1840.  [and  Phil.  Mag.,  TUird  Series,  vol.  xviii,  p.  220.] 
t  Annals  of  Nat.  Hist.,  April  1841. 
t  Microscopic  Journal,  vok  i.  No.  1,  p.  8,  1841. 
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existence  of  vascular  structure.  The  specimens  were  examined  as 
opake  objects,  with  direct  light  concentrated  by  a  convex  lens. 
The  number  of  agates  amounted  to  nearly  200,  and  that  of  green 
jaspers  to  about  70. 

1.  Fibrous  structure. — ^Though  polished  agates  afforded  Mr.  Bow- 
erbank,  in  almost  every  specimen,  strong  evidence  of  spongeous  origin, 
yet  the  structure  and  arrangement  of  the  fibres  were  seldom  per- 
fectly preserved  throughout,  presenting  every  intermediate  state  from 
complete  decomposition  to  the  most  dutinct  spongeous  tissue.  The 
siUceous  matrix  of  these  remains  exhibited  a  dear  and  frequently 
crystalline  aspect,  but  the  prevailing  tint  of  the  enclosed  organic 
matter  was  bnght  red,  brown,  or  ochreous  yellow ;  occasionally,  how- 
ever, the  fibre  was  milk-white  or  bright  green.  The  colouring  mat- 
ter was  generally  confined  within  the  bounds  of  the  animal  tissue, 
leaving  its  suriiEice  smooth  and  unintenrupted;  sometimes  it  occurred 
only  in  the  interior  of  the  tubular  fibre,  the  sides  being  semipellucid 
or  milk-white ;  whilst  in  other  cases  not  only  the  fibre  was  com- 
pletely charged  with  colouring  matter,  but  ihe  svaface  was  also 
slighliy  encrusted  with  it.  In  an  agate  believed  to  be  from  Sicily, 
the  greater  part  consisted  of  a  confused  mass  composed  of  innume- 
rable bright  red  fibres  with  no  perceptible  remains  of  surrounding 
stmcture,  but  near  the  margin  of  the  specimen  the  tubuli  were  as 
perfectly  preserved  as  in  a  recent  sponge,  presenting  a  semi-pel- 
luoid  and  homy-looking  substance  enveloping  red  fibres.  In  thx>se 
instances  in  which  the  red  pigment  did  not  appear  to  have  entered 
the  tube,  the  structure  was  best  preserved,  and  Mr.  Bowerbank 
states  that  such  ought  to  be  the  case,  as  the  fibres  of  the  Spongia 
fiaiularis,  though  hollow  throughout,  are  closed  near  the  natural  ter- 
mination. The  tubes  in  the  Sicilian  agate  anastomosed  in  the  same 
manner  as  the  fibres  of  the  Mediterranean  sponge  of  commerce^  and 
in  the  placea  where  they  were  intersected  they  frequently  exhibited 
the  internal  cavity.  Iliese  characters,  the  author  remarks,  prove 
that  the  red  fibre  is  the  cast  of  the  interior  of  the  tube,  and  its  dia- 
meter, he  adds,  is  as  nearly  as  possible  the  same  as  that  of  the 
hollow  of  the  tube.  In  a  moss  agate  from  Oberstein  the  walls  of 
the  best-preserved  tubuli  were  chiu-ged  with  red  pigment,  and  the 
internal  cavity  was  filled  with  peUucid  silex,  while  tibe  portion  which 
had  suffered  most  from  decomposition  was  a  confused  bright  red  mass 
with  obscure  traces  of  fibrous  structure. 

In  the  green  jaspers  from  India  the  organic  remains  were  found 
to  be  generally  better  preserved  than  in  the  moss  agates  of  Germany 
and  Sicily,  and  admitted  of  being  recog^ed  as  distinct  species. 
The  green  colouring  matter  was  confined,  with  very  few  exceptions, 
withm  the  boundaries  of  the  sponge-fibre,  the  surrounding  matter 
consisting  of  minute  pellucid  radiating  crystals.  Some  of  the  spe- 
cimens examined  by  Mr.  Bowerbank  were  frunished  with  minute 
contorted  tubuli,  very  similar  to  those  which  are  described  in  his  for- 
mer paper*  as  occurring  upon  the  surface  of  chalk-flints.    In  other 

*  Geol.  IVans.,  2ad  Series,  vol.  vi.  (fl(n  I.  1841. 
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Bpecim^ns  the  fibres  were  not  disposed  in  the  same  manner  as  in  the 
sponge  of  commerce,  but  in  a  series  of  thin  plates,  resembling  very 
much  the  macerated  woody  fibres  of  the  leaves  of  some  endogCTous 
plants.  Only  one  recent  species,  from  Australia,  is  known  to  Mr. 
Bowerbank  to  exhibit  this  structure. 

No  spicula  are  mentioned  by  the  author  in  either  the  agates  or  jas- 
pers, and  but  one  instance  of  the  occurrence  of  foraminifera.  The  whole 
of  the  sponges  contained  in  the  green  jaspers,  Mr.  Bowerbank  refers 
to  that  division  of  the  keratose  which  he  has  called  Ftstuiaria. 

2.  Gemmules. — ^A  specimen  of  Indian  green  jasper,  which  had  under* 
gone  so  great  decomposition  as  to  prevent  the  original  fibrous  structure 
from  being  detected,  presented  innumerable  globular  vesicles  of  nearly 
uniform  size.  Many  of  them  were  simple  and  transparent,  and  could 
be  recognised  as  organic  only  by  the  regularity  of  their  size  and  form* 
and  by  having  universally  dispersed  over  thor  outer  sur&ce  minute 
irregular  blade  particles ;  but  by  far  the  greater  niunber  of  them 
had  in  their  interior  a  globtlar  opake  body,  about  one-third  their 
own  diameter.  Associated  with  tiiese  vesicles  were  numerous  small 
film>us  masses  resembling  minute  keratose  sponges,  t^  largest  of 
which  were  five  or  six  times  the  diameter  of  the  vesicles ;  but  the 
smallest  were  identical  in  nature  with  the  nucleus,  though  in  a  higher 
state  of  development.  In  other  specimens  from  the  same  mass  of 
jasper,  larger  vesicles  were  found  more  sparingly  imbedded  amidst . 
the  fibrous  tissue  of  the  sponge.  From  these  characters  and  tlieir 
resemblance  to  those  of  the  ova  of  scmie  recent  sponges,  Mr.  Bower- 
bank has  little  doubt  that  the  vesicles  are  the  fossilized  gemmules  of 
the  sponges  which  gave  the  form  to  the  siliceous  masses  in  which  they 
are  imbedded.  An  agate  supposed  to  have  come  finom  Oberstein, 
presented  characters  which,  Mr.  Bowerbank  is  of  opinion,  indicated 
gemmules  in  an  immature  state,  or  in  different  stages  of  development, 
fixed  to  the  fibre  of  the  sponge ;  and  in  another  specimen,  believed  to 
have  been  received  from  the  same  locality,  gemmules  in  different 
conditions  were  sparingly  scattered  amid  the  tissue. 

If  this  idea  of  the  development  of  the  gemmules  in  situ  be  correct, 
it  wiU  account,  the  author  thinks,  for  the  firequent  occurrence  of  small 
detached  patches  of  minute  sponge-fibre  in  well-developed  and  large- 
sized  tissue.  Several  other  specimens,  considered  by  Mr.  Bower- 
bank to  contain  gemmules  in  different  stages  of  devel<^nnent  or  de* 
composition,  are  described  in  the  paper,  particularly  an  agate  finom 
Antigua  in  the  possession  of  Mr.  R.  Brown ;  and  one  from  Ober- 
stein,  which  contained  vast  numbers  of  small,  pellucid,  yellow  glo^ 
bules,  bearing  a  strong  resemblance  to  the  minute  granules  ^duch 
occur  in  the  gelatinous  or  fleshy  sheath  surrounding  tihe  fibres  of  the 
sponge  of  commerce,  and  which  are  probably  incipioit  germs.  In 
accounting  for  the  preservation  of  the  gemmules  in  a  fossil  state, 
Mr.  Bowerbank  refers  to  the  covering  of  the  ova  of  birds,  fishes  and 
reptiles ;  and  he  says,  it  is  natural  to  expect  that  the  gemmules  of 
the  sponge  should  be  similarly  protected,  and  therefore  preserved 
after  the  decay  of  the  sponge  from  which  they  derived  their  origin. 

3.  Vascular  structure.^^la  a  species  of  recent  Turkey  sponge,  and 
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in  some  others  from  Australia*.  Mr.  Bowerbank  detected  in  the  homy 
sheath  which  invested  the  solid  fibre,  minute  anastomosing  vessels ; 
but  he  has  not  observed  a  similar  vascular  covering  on  the  external  sur- 
face of  the  two  specimens  of  Spongia  fistularts  which  he  has  examined. 
The  co-existence,  however,  of  this  sheath  with  a  tubular  fibre,  he 
states,  he  has  discovered  in  specimens  of  Indian  green  jasper.  On 
examining  with  a  power  of  60  linear  a  thin  poUshed  slice,  he 
found  that  some  well-preserved  tubes,  of  greater  size  than  the  rest, 
had,  on  their  external  surface,  a  coating  of  a  darker  colour  than  the 
odier  parts  of  the  fibre,  and  were  evidently  analogous  to  the  vascular 
sheath  of  the  keratose  sponges  of  commerce.  On  employing  a  power 
of  500  linear,  the  presence  of  a  reticulated  vascular  structure  was 
exhibited  as  distincdy  as  in  the  recent  sponge,  particularly  where  a 
portion  of  the  originally  homy  or  fleshy  part  of  the  sheath  had  un- 
dergone a  slight  degree  of  decomposition.  This  stmcture  Mr. 
Bowerbank  has  also  detected  in  two  fragments  of  flint-pebbles. 

The  characters  exhibited  by  this  external  coating  are  not  the 
only  evidences  of  vascular  stmcture  which  the  author  found  during 
his  examination  of  the  organic  remains  incbsed  in  moss  agates  and 
Indian  green  jaspers,  for  he  discovered  in  the  centre  of  the  tube 
which  exhibited  the  sheath,  a  dark  threact  penetrating  the  cavity  for 
a  ccmsiderable  distance,  and  when  examined  with  a  power  of  500 
linear,  it  assumed  the  appearance  of  a  spiral  tubular  thread,  frequently 
obscured  by  irregular  patches  of  a  substance  which  the  author  con- 
ceives may  have  been  glutinous  animal  matter.  In  another  specimen 
of  green  jasper  the  spiral  course  of  this  curious  tissue  was  much  less 
obwure,  and  when  examined  with  a  power  of  800  linear  its  tubular 
nature  was  evident.  The  same  tissue  also  lined  the  cavity  of  almost 
every  fibre  of  the  sponge  which  was  stated  to  exhibit  a  structure  com- 
posed of  foliaceous  plates,  like  the  skeletons  of  the  leaves  of  some 
endogenous  plants.  In  an  agate,  probably  from  Oberstein,  Mr. 
Bowerbank  says,  he  detected  other  evidences  of  tissue  of  an  exceed- 
ingly remarkable  character.  The  fibre,  which  was  very  large,  had 
b^n  apparently  surrounded  by  a  villose  coat,  and  wherever,  by  po- 
lishing, a  longitudinal  section  had  been  exposed,  one  or  two  minute 
vessels  of  uniform  diameter  and  simple  stmcture  were  visible  in  the 
centre  of  the  fibre,  and  ranging  in  the  direction  of  its  axis.  At  irre- 
gular distances  within  these  vessels  the  author  discovered  pellucid 
round  globules,  the  diameter  of  which  varied  from  the  1000th  to  the 
2380th  of  an  inch,  the  diameter  of  the  vessels  ranging  from  the 
1000th  to  the  2000th  of  an  inch.  In  other  parts  of  the  interior  of 
the  fibre  were  opake  or  semi-pellucid  spheres,  and  in  different  por- 
tions of  the  agate  were  considerable  numbers  of  larger,  opake,  round 
bodies,  the  whole  of  which  Mr.  Bowerbank  considers  to  be  gemmulea 
in  various  states  of  development ;  and  he  thinks  it  hs  extremely  pro- 
bable that  the  vessels  containing  tbe  globules  were  true  ovarian  ducts. 
In  support  of  this  inference  Mr.  Bowerbank  describes  another  agate^ 
in  which  there  were  no  appearances  of  well-defined  anastomosing 
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fibres,  but  which  exhibited  numerous  long  and  simple  thread-like 
fibres  apparently  much  decomposed,  as  their  substance  oonsiBted 
,  sometimes  of  a  congeries  of  minute  separate  particles,  and  sometimes 
of  straight  or  curved  lines  composed  of  minute  blade  bodies.  In 
other  cases  these  strings  of  indiMent  gemmules  were  contained 
within  the  boundaries  of  the  tubes,  and  8ien  pre^jented  rarely  more 
than  a  row  of  single  genmiules ;  but  occasionally  the  diameter  of  the 
vessels  appeared  to  have  been  much  enlarged,  and  the  gemmules 
were  indiscriminately  dispersed  within  its  cavity.  In  some  instances 
also  they  exceeded  in  diameter  the  vessel  or  its  remains,  as  if  they 
had  outgrown  and  burst  their  natural  boundary,  or  the  walls  ci  the 
latter  had  contracted.  From  the  close  resemblance  in  the  structure 
and  contents  of  these  vessels  to  those  contained  in  the  laige  sponge- 
fibre  first  described,  Mr.  Bowerbank  has  little  doubt,  whatever  may 
have  been  their  original  nature,  tiiat  they  are  thesamekind  of  tissue, 
under  somewhat  different  conditions. 

In  all  the  agates  and  jaspers  which  have  been  microecoiucaUy  in- 
vestigated by  the  author,  the  spaces  not  occupied  by  ronmins  of 
spongeous  texture  were  filled  with  silex  or  dialcedony  arranged  in 
iMinda  which  coirformed  more  or  less  to  the  outline  of  the  endosed 
fossil.  Where,  however,  the  matrix  consisted  of  radiating  crystals, 
the  decayed  animal  remains  frequently  appeared  to  have  been  impelled 
forward,  in  the  same  manner  as  the  decomposed  cellular  portions  of 
fossil  wood  have  often  3rielded  to  the  crystallizing  process  of  the  as- 
sociated mineral  matter. 

Egyptian  jasperM,  Mocha  stoaes,  4c. — ^The  author  has  examined 
also  numerous  specimens  of  polished  Egyptian  jaspers,  lidiich,  when 
viewed  as  opake  objects,  by  direct  light  and  with  a  power  of  150 
linear,  were  found  to  oonsist  of  finely  comminuted  light  buff  or  brown 
irregular  granules,  cemented  by  semi-transparoit  silex,  very  much 
resembling  the  state  in  which  it  exists  in  chalk-fiints  and  greensand 
cherts,  and  to  the  variations  in  its  colouring  matter  the  landed  ap- 
pearance of  the  jaspers  is  due.  Imbedded,  but  very  unequally  in 
the  layers  composing  the  jaspers,  Mr.  Bowerbank  diacovered  hun- 
dreds of  beautiful  foraminifera  dosely  resembling  those  found  in 
chalk-flints,  and  often  difficult  to  di^nguish  firom  the  species  found 
in  the  Orignon  sand  t)f  t^  calcaire  groesier. 

The  Mocha  stones  which  the  author  has  examined,  presented  no 
indications  of  organic  structure,  the  moss-like  delineations  and  other 
appearances,  resembling  beautiful,  thin,  reticulated  tissues,  being  due 
to  dendritical  or  metallic  infiltrations. 

In  the  larg^  pebbles  of  a  mass  of  Herefordshire  pudding-stone, 
Mr,  Bowerbank  discovered  the  characteristic  spongeous  structure  of 
chalk-flints. 

In  condusion,  the  author  dwells  upon  the  difficulties  attending 
the  study  of  the  bodies  which  he  has  examined  and  described,  in 
consequence  of  the  little  attention  which  has  been  paid,  wi^  few 
exceptions,  to  the  structure  of  recent  sponges ;  and  he  states  that 
the  aspect  of  the  latter,  when  viewed  by  die  unassisted  eye,  is  so 
different  from  that  which  it  presents  when  seen  under  a  high  micro- 
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acopic  power,  that  those  who  have  ix>t  been  accustomed  to  study 
reoent  sponges  with  that  aid  would  never  recognise  a  similar  struc* 
tare  in  the  fossils  described  by  him.  He  also  shows  that  the  pre«^ 
Talenoe  of  keratose  sponges  over  those  belonging  to  the  genus  HaH- 
ekondria  is  what  might  naturally  be  expected,  as  the  spicula  which 
form  the  skeleton,  of  the  latter  would  be  less  likely  to  be  preserved 
in  their  original  position  than  the  homy  fibres  of  the  former. 

Lastly,  the  author  alludes  to  the  great  share  which  sponges  have 
had  in  the  production  of  the  solid  strata  of  the  earth's  crust. 


ROYAL  ASTRONOMICAL  SOCIETY. 
[Continued  from  p,  3!^.] 

January  8,  1841.— -Remarks  on  the  Present  State  of  our.  Know- 
ledge relative  to  Shooting-Stars,  and  on  the  Determination  of  Dif- 
ferences of  Longitude  from  Observations  of  those  Meteors.  By  Mr. 
Galloway. 

After  adverting  to  some  of  the  earlier  opinions  which  have  been 
entertained  on  the  nature  of  fire-balls,  shooting-stars,  and  other  ig- 
neous meteors,  the  author  remarks  that  no  very  definite  theory  was 
formed  respecting  them  till  towards  the  end  of  the  last  century; 
for  although  the  cosmical  origin  of  the  more  remarkable  bolides 
and  fire-balls  had  been  suspected,  the  shooting-stars  were  generally 
regarded  as  atmospherical  phenomena,  which  were  ascribed  by  some 
to  electricity,  and  by  others  to  the  inflammation  of  hydrogen  gas 
accumulated  in  the  higher  regions  of  the  atmosphere.  In  1794, 
Chladni  published  his  celebrated  work,  in  which  he  gave  a  catalogue 
of  all  the  recorded  observations  of  fire-balls ;  and,  from  a  comparison 
of  the  different  descriptions,  inferred  that  these  meteors  have  not 
their  origin  in  our  atmosphere,  but  are  cosmical  masses  moving 
through  the  planetary  spaces  with  velocities  equal  to  those  of  the 
planets,  which,  when  they  encounter  the  earth's  atmosphere,  are  in- 
flamed by  the  resistance  and  friction,  and  become  luminous,  some- 
times bursting  into  pieces,  and  scattering  masses  of  stone  and  iron 
on  the  ground,  l^i^  opinion  was  at  first  greatly  ridiculed;  but 
the  repeated  and  even  not  unfrequent  fall  of  meteoric  stones,  and  the 
discovery  by  Howard  that  all  of  them  present  an  almost  perfect  si- 
milarity of  constitution,  widely  different  from  that  of  any  substance 
found  on  the  earth,  at  length  forced  conviction  even  on  the  most 
sceptical.  Frc»n  the  dose  resemblance  between  fire-balls  and  shoot- 
ing-stars, and,  indeed,  the  impossibility  in  many  cases  of  distinguish- 
ing the  one  class  of  meteors  from  the  other,  Chladni  was  led  also  to 
ascribe  a  cosmical  origin  to  the  latter  phsenomena.  At  this  period, 
however,  there  were  no  observations  from  which  precise  or  certain 
conclusions  could  be  formed  respecting  the  alritudes,  velocities,  or 
paths  described  by  the  shooting-stars — ^the  elements  by  which  the 
question  of  their  existence  within  or  beyond  the  atmosphere  could 
be  solved.  In  the  year  1798,  the  first  series  of  observations  for  de- 
termining these  points  was  undertaken  in  Oermany  by  Brandes  and 
BcDzenberg.     Having  selected  a  base-line  of  about  nine  English 
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miles  in  lengthy  and  stationed  themselves  at  its  extremities,  they 
began  to  observe  on  nights  previously  agreed  on;  and  when  a  me- 
teor was  seen,  they  immediately  traced  its  apparent  path  on  a  ce- 
lestial map,  noting  carefully  the  exact  times  of  its  appearance  and 
extinction,  with  any  other  circumstances  likely  to  assist  in  identify- 
ing it.  The  meteors  observed  simultaneously  at  both  stations  were 
in  this  manner  recognised  with  considerable  certainty ;  and  the  com- 
parison of  their  paths  on  the  two  maps  afforded  da^  for  the  deter- 
mination of  their  parallaxes  and  altitudes.  The  results  were  as  fol- 
lows : — ^Between  the  11th  of  September  and  the  4th  of  November, 
1798,  only  twenty-two  corresponding  observations  were  obtained 
from  whidi  the  altitudes  could  be  computed.  The  altitude  of  the 
lowest  was  about  six  English  miles;  there  were  seven  imder  45 
miles ;  nine  between  45  and  90  miles ;  six  above  90  miles ;  and  one 
had  an  altitude  of  about  140  miles.  There  were  only  two  observa^ 
tions  from  which  the  velocity  could  be  deduced :  the  first  gave  25 
miles,  and  the  second  from  17  to  21  miles  in  a  second.  The  moat 
remarkable  result  was,  that  at  least  one  of  the  meteors  moved  up« 
wards,  or  away  from  the  earth.  By  these  observations,  Uie  perfect 
similarity  between  fire-baUs  and  shooting-stars,  in  respect  of  velocity 
and  altitude,  was  completely  established. 

Another  attempt,  on  a  more  extensive  scale,  to  determine  the  al- 
titudes and  velocities  of  shoo^g-stars  by  means  of  simultaneous 
observations,  was  made  by  Brandes  in  1823,  assisted  by  a  number 
of  associates  resident  in  Breslaw  and  the  neighbouring  towns.  The 
observations  were  continued  from  April  to  October,  and  during  this 
interval  about  1800  shooting-stars  were  observed  at  the  di&rent 
places,  out  of  which  number  ninety^eight  were  found  which  had  been 
observed  simultaneously  at  more  than  one  station*  The  altitudes  of 
four  of  these  were  computed  to  be  under  15  English  miles ;  of  fifteen 
between  15  and  30  miles ;  of  twenty-two  between  30  and  45  miles ; 
of  thirty-five  between  45  and  70  miles ;  of  thirteen  between  70  and 
90  miles ;  and  of  eleven  above  90  miles.  Two  of  these  last  had  an 
altitude  of  about  140  miles ;  one  of  220  miles ;  one  of  280  miles; 
and  there  was  one  whose  height  was  computed  to  exceed  460  miles. 
Thirty-six  orbits  were  obtained ;  in  twenty-six  of  which  the  modem 
was  downwards,  in  one  horizontal,  and  in  the  remaining  nine  more 
or  less  upwards.  In  three  cases  only  the  observati(ms  were  so  com- 
plete as  to  furnish  data  for  determining  the  velocity ;  the  results 
were  respectively  23,  28,  and  37  English  miles  in  a  second,  the  last 
being  nearly  double  the  velocity  of  the  earth  in  its  orbit.  The  tra- 
jectories were  frequently  not  straight  lines,  but  incurvated,  some- 
times horizontally,  and  sometimes  vertically,  and  sometimes  they 
were  of  a  serpentine  form.  The  predominating  directicm  of  the  mo- 
tion was  from  north-east  to  south-west,  contrary  to  the  motion  of 
the  earth  in  its  orbit, — a  circumstance  which  has  been  generally  re- 
marked, and  which  is  important  in  respect  of  the  physical  theory  of 
the  meteors. 

A  similar  set  of  observations  was  made  in  Belgium  in  1824,  under 
the  direction  of  M.  Quetelet,  the  results  of  which  are  published  in 


Digitized 


by  Google 


jRqyat  Astronomical  Society.  549 

the  Annuaire  de  Bruxelles  for  1837.  M.  Quetelet  was  chiefly  solici- 
tous to  determine  the  velocity  of  the  meteors.  He  obtained  six  cor- 
responding observations  from  which  this  element  could  be  deduced, 
and  the  results  varied  from  10  to  25  English  miles  in  a  second.  The 
mean  of  the  six  results  gave  a  velocity  of  nearly  17  miles  per  second, 
a  little  less  than  that  of  the  earth  in  its  orbit. 

Tlie  last  set  of  corresponding  observations  referred  to  in  the  paper 
was  made  in  Switzerland  on  tiie  10th  of  August,  1838;  a  circum- 
stantial account  of  which  id  given  by  M.  Wartmann  in  Quetelet's 
Correspondance  MatMmatique,  for  July  1839.  M.  Wartmann  and 
five  otiier  observers,  provided  with  celestial  charts,  stationed  them- 
selves at  the  Observatory  of  Gteneva ;  and  the  corresponding  obser- 
vations were  made  by  M.  Reynier  and  an  assistant  at  Planchettes,  a 
village  about  60  miles  to  the  north-east  of  that  city.  In  the  space 
of  seven  and  a  half  hours,  the  number  of  meteors  observed  by  the 
BIX  observers  at  Geneva  was  381 ;  and  during  five  and  a  half  hours 
the  number  observed  at  Planchettes  by  two  observers  was  104.  All 
the  circumstances  of  the  phsenomena — ^the  place  of  the  apparition 
and  disappearance  of  each  meteor,  the  time  it  continued  visible,  its 
brightness  relatively  to  the  fixed  stars,  whether  accompanied  with  a 
train,  &c.,  were  carefully  noted.  The  trajectories  were  then  pro- 
jected on  a  large  planisphere.  The  extent  of  the  trajectories  de- 
scribed by  the  meteors  was  very  different,  varying  from  8**  to  70*^  of 
angular  space,  and  the  velocities  appeared  also  to  differ  considerably; 
but  the  average  velocity  concluded  by  M.  Wartmann  was  25°  per 
second.  It  was  found,  from  the  comparison  of  the  simultaneous  ob- 
servations,'that  the  average  height  above  the  ground  was  about  550 
miles ;  and  hence  the  relative  velocity  was  computed  to  be  about  240 
miles  in  a  second.  But  as  the  greater  number  moved  in  a  direction 
opposite  to  that  of  the  earth  in  its  orbit,  the  relative  velocity  must 
be  diminished  by  the  earth's  velocity  (about  19  miles  in  a  second). 
This  still  leaves  upwards  of  220  miles  per  second  for  the  absolute 
velocity  of  the  meteor,  which  is  more  than  eleven  times  the  orbital 
velocity  of  the  earth,  seven  and  a  half  times  that  of  the  planet 
Mercury,  and  probably  greater  than  that  of  the  comets  at  their  peri- 
helia. 

Prom  the  above  results,  it  is  obvious  that  the  heights  and  velo- 
cities of  the  shooting-stars  are  exceedingly  various  and  uncertain ; 
but  if  the  observations  are  in  any  respect  worthy  of  confidence,  they 
prove  that  many  of  these  meteors  (according  to  Wartmann's  observa- 
rions,  by  far  the  greater  number)  are,  during  the  time  of  their  visi- 
bility, far  beyond  the  limits  to  which  atmosphere  is  supposed  to  ex- 
tend, and  that  their  velocities  greatly  exceed  that  which  is  due  to 
bodies  moving  at  the  same  distance  from  the  sun  under  the  influence 
of  solar  gravitation.  ^ 

It  is  perhaps  impossible  to  form  any  correct  estimate  of  the  abso- 
lute magnitudes  of  the  meteors.  Their  apparent  magnitudes  differ 
greatly ;  the  greater  number  resembling  stars  of  the  fiiird  or  fourth 
magnitude,  while  many  are  equal  to  stars  of  the  first,  and  some  even 
surpass  Jupiter  and  Venus  in  brilliancy.    It  is  remarkable  that  the 
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largest  are  those  which  have  the  greatest  altitudes,  and  only  the  smaller 
ones  appear  to  come  within  20  or  even  40  miles  of  the  earth. 

Widi  respect  to  the  casual  observations  of  the  phaenomena,  the  ac- 
counts  of  which  are  very  numerous,  the  most  interesting  conclusion 
which  has  been  inferred  from  them  is  the  periodical  recurrence  of 
shooting-stars  in  unusual  numbers  at  certam  epochs  of  the  year.  Of 
these  epochs,  the  most  remarkable  is  that  of  November,  on  account 
of  the  prodigious  number  of  meteors  which  have  been  seen  in  scmie 
years  at  that  time.  The  principal  displays  were  in  1 799#  1 832, 1 833, 
and  1834.  On  the  Uth  of  November,  1799,  thousands  were  ob- 
served within  a  few  hours  by  Humboldt  and  Bonpland  at  Cumana ; 
and  on  the  same  night  by  different  persons  over  the  whole  continent 
of  America,  from  die  borders  of  Brazil  to  Labrador,  and  also  in 
Ghreenland  and  Gennany.  On  November  12th,  1832,  they  were 
seen  over  the  whole  of  the  north  of  Europe ;  and  on  November  12th, 
1833,  the  stupendous  exhibition  took  place  in  North  America  idiich 
has  been  so  often  described.  From  the  accounts  of  this  phenome- 
non collected  by  Prof.  Olmsted,  M.  Arago  computed  that  the  num- 
ber of  meteors  on  this  night  amounted  to  240,000.  In  1834,  a  si- 
milar phienomenoli  recurred  on  the  night  of  November  13th,  but  on 
this  occasion  the  meteors  were  of  a  smaller  size.  In  1836,  1836, 
and  1838,  shooting-stars  were  observed  on  the  night  of  November 
13th,  in  different  parts  of  the- world ;  but  though  diligently  looked 
for  on  the  same  night  in  the  last  few  years,  they  do  not  appear  to 
have  been  more  numerous  than  on  other  nights  about  the  same 
season, — a  circumstance  which  has  shaken  the  faith  of  many  in  their 
periodicity. 

The  second  great  meteoric  epoch  is  the  10th  of  August,  first  pointed 
out  by  M.  Quetelet ;  and  although  no  displays  similar  to  tiiose  of 
the  ^k)vember  period  have  been  witnessed  on  this  night,  there  are 
more  instances  of  the  recurrence  of  the  phsenomena.  In  the  last 
three  years  shooting-stars  have  been  observed  in  great  numbers, 
both  on  the  9th  and  10th ;  but  they  appear  in  general  to  be  unusually 
abundant  during  the  two  first  weeks  of  August.  The  other  periods 
which  have  been  indicated  are  the  18th  of  October,  the  23rd  or  24di 
of  April,  the  6th  and  7th  of  December,  from  the  15th  to  the  20th  of 
June,  and  the  2nd  of  January ;  and  it  is  not  improbable  that  further 
observati<ms  will  add  to  the  number. 

The  different  theories  which  have  been  given  to  explain  the  origin 
and  phsenomena  of  the  shooting-stars  are  next  stated.  Hie  following 
are  the  principal : — 

1.  That  the  shooting-stars  and  fire-balls  are  substances  projected 
from  volcanoes  in  the  moon.  It  is  known  that  a  body  projected 
vertically  from  the  moon  with  a  velocity  of  about  8500  feet  in  a 
second  would  not  fall  back  upon  the  lunar  surface,  but  would  recede 
from  it  indefinitely ;  and,  in  order  to  reach  the  earth,  the  projectile 
would  only  require,  undtfr  the  most  favourable  circumstances,  to 
have  a  velocity  of  about  8300  feet.  Such  a  velocity,  which  is  only 
about  four  or  five  times  greater  than  that  of  a  cannon-ball,  is  quite 
conceivable ;  but  the  extraordinary  exhibitions  of  1799  and  1833,  to 
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say  nothing  of  their  supposed  periodicity,  is  [are]  utterly  irrecon- 
dhBLble  witih  the  theory  of  a  lunar  origin.  Benzenberg,  however, 
adopts  this  theory,  and  supposes  the  shooting  stars  to  be  small 
masses  of  stone,  from  one  to  five  feet  in  diameter,  which  are  pro- 
jected from  lunar  volcanoes,  and  circulate  about  the  earth  or  about 
the  sun  when  their  projectile  .velocity  exceeds  a  certain  limit. 

2.  Dr.  Olbers,  and  some  other  astronomers,  have  supposed  the 
shooting-stars  to  be  the  d^hris,  or  fragments  of  a  large  plainet,  burst 
into  pieces  by  some  internal  explosion,  of  which  Ceres,  PaJlss,  Juno, 
and  Vesta,  are  the  principal  remaining  portions.  The  smaller  frag- 
ments continue  to  circulate  about  the  sun  in  orbits  of  great  eccen- 
tricity, and  when  they  approach  the  region  of  space  through  which 
the  earth  is  moving,  they  enter  the  atmosphere  with  great  velocity, 
and  by  reason  of  tibe  resistance  and  friction  are  rendered  incandes- 
cent, and  emit  a  vivid  light  so  long  as  they  remain  within  it. 

3.  It  has  been  suggested  by  Biot  that  the  extraordinary  displays 
observed  in  November  may  be  explained  by  supposing  the  meteors 
to  have  their  origin  in  the  zodiacal  light.  The  extent  of  this  lens- 
shaped  nebulosity  is  not  well  ascertained ;  but  as  the  plane  of  its 
principal  section  is  not  parallel  to  the  ecUptic,  if  the  earth  passes 
through  it  at  one  season,  it  must  be  remote  ftom  it  at  another. 
But  shooting-stars  are  observed  at  aU  times  of  the  year ;  and  the 
November  meteors  differ  from  those  of  other  seasons  in  no  respect 
excepting  in  their  greater  multitude. 

4.  .The  hypothesis  first  suggested  by  Chladni  is  that  which  ap- 
pears to  have  met  with  most  favour,  having  been  adopted  by  Arago 
and  other  eminent  astronomers  of  the  present  day  to  explain  the 
November  phsenomena.  It  consists  in  supposing  that,  independently 
of  the  great  planets,  there  exist  in  the  plsmetary  regions  myriads  of 
small  bodies  which  circulate  about  the  sun,  generally  in  groups  or 
zones,  and  tiiat  one  of  these  zones  intersects  the  ecliptic  about  the 
place  through  which  the  earth  passes  in  November.  The  principal 
difficulties  attending  this  theory  are  the  following: — ^First,  that 
bodies  moving  in  groups  in  the  circumstances  supposed  must  neces- 
sarily move  in  the  same  direction,  and  consequenUy,  when  they  be- 
come visible  from  the  earth,  would  all  appear  to  emanate  from  one 
point  and  move  towards  the  opposite.  Now  although  the  observa- 
tions seem  to  show  that  the  predominating  direction  is  from  north- 
east to  south-west,  yet  shooting-stars  are  observed  on  the  same 
nights  to  emanate  from  aU  points  of  the  heavens,  and  to  move  in  all 
possible  directions.  Secondly,  their  average  velocity  (especially  as 
determined  by  Wartmann)  greatly  exceeds  that  which  any  body 
circulating  about  th^  sun  can  have  at  the  distance  of  the  earth. 
Thirdly,  from  their  appearance,  and  the  luminous  train  which  they 
generally  leave  behind  them,  and  which  often  remains  visible  for 
several  seconds,  sometimes  for  whole  minutes,  and  also  from  their 
being  situated  within  the  earth's  shadow,  and  at  heights  fsJ  exceed- 
ing those  at  which  the  atmosphere  can  be  supposed  capable  of  sup- 
porting: combustion,  it  is  manifest  that  their  light  is  not  reflected 
from  the  sun ;  they  must  dierefore  be  self-luminous^  which  is  con- 
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traiy  to  every  analogy  of  the  solar  system,  FovaAlj,  if  masses  of 
solid  matter  approached  so  near  the  earth  as  many  of  the  shootiiig- 
stars  do,  some  of  them  would  inevitahly  be  attracted  to  it;  but  of 
the  thousands  of  shooting-stars  which  have  been  observed,  there  is 
no  authenticated  instance  of  any  one  having  actually  reached  the 
earth.  Fifthly,  instead  of  the  meteors  being  attracted  to  the  earth, 
some  of  them  are  observed  actually  to  rise  upwards,  and  to  deacribe 
orbits  which  are  convex  towards  the  earth ;  a  circumstance*  of  which, 
on  the  present  hypothesis,  it  seems  difficult  to  give  any  rational 
explanation. 

5.  The  most  recent  hjrpothesb  is  that  of  Capoed  of  Naples,  who 
regards  the  aurora  borealis,  footing-stars,  aerolites,  and  comets,  as 
having  all  the  same  origin,  and  as  resulting  from  the  aggregation  of 
eosmical  atoms,  brought  into  union  by  magnetic  attraction.  He 
supposes  that  in  the  {danetary  spaces  there  exist  bands  or  zones  of 
nebulous  particles,  more  or  less  fine,  and  endued  with  magnetic 
forces,  which  the  earth  traverses  in  its  annual  revolution ;  tlmt  the 
smallest  and  most  impalpable  of  these  particles  are  occasionally  pie- 
cipitated  on  the  magnetic  poles  of  our  globe,  and  form  polar  aunMnas ; 
that  the  particles  a  degree  larger,  in  which  the  force  of  gravitation 
begins  to  be  manifested,  are  attracted  by  the  earth  and  appear  as 
shooting-stars ;  that  the  particles  in  a  more  advanced  state  of  con- 
cretion give  rise  in  like  manner  to  the  phaenomena  of  fire-balls, 
aerolites,  &c. ;  that  the  comets,  which  are  known  to  have  very  snail 
masses,  are  nothing  else  than  Ihe  largest  of  the  aerolites,  or  rather, 
uranolites,  which  in  course  of  time  collect  a  sufficient  quantity  of 
matter  to  be  visible  from  the  earth.  This  theory  of  C^pood  diffiars 
from  Chladni's  only  by  the  introduction  of  magnetic  forces  among' 
the  particles,  and  it  is  obvious  that  all  the  objectiona  to  the  former 
theory  apply  with  equal  force  to  this.  It  may  be  remarked,  how- 
ever, that  some  physical  connexion  between  the  phaenomena  of 
shooting-stars  and  aurora  had  been  already  su^Mcted,  and  the 
observations  adduced  by  M.  Quetelet  afford  reason  to  suppose  that 
the  latter  phtenomenon  is  also  periodical. 

From  the  difficulties  attending  every  h3rpothesi8  which  has  hitherto 
been  proposed,  it  may  be  inferred  how  very  little  real  knowledge 
has  yet  been  obtained  respecting  the  nature  of  the  shooting-stars. 
It  is  certain  that  they  appear  at  great  altitudes  above  the  earth,  and 
that  they  move  with  prodigious  velocity ;  but  everything  else  re- 
specting them  is  involved  in  profound  mystery.  From  the  whole  of 
the  facts  M.  Wartmann  thiidcs  that  the  most  rational  conclusion  we 
can  adopt  is,  that  the  meteors  probably  owe  Iheir  origin  to  the 
disengagement  of  electricity,  or  of  some  analogous  matter,  which 
takes  place  in  the  celestial  regions  on  every  occasion  in  which  the 
conditions  necessary  for  the  production  of  the  phsenomena  are  re- 
newed. 

The  concluding  part  of  the  paper  contains  an  account  of  the  dif- 
ferent attempts  which  have  been  made  to  deduce  differences  of  longi- 
tude from  the  observation  of  shooting-stars.  That  meteors  which 
appear  and  are  extinguished  so  suddenly,  and  which  by  reason  of 
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their  great  altitude  and  brilliancy  are  visible  over  considerable  por- 
tions of  the  earth's  surface,  would  afford  excellent  natural  signals* 
provided  they  could  be  identified  with  certainty,  was  an  obvious 
thought ;  but  80  long  as  they  were  regarded  merely  as  casual  phse- 
nomena,  it  could  scarcely  be  hoped  that  they  would  be  of  much  use, 
in  this  respect,  to  practical  astronomy.  As  soon,  however,  as  their 
periodicity  became  probable,  the  observation  of  the  phaenomena  ac- 
quired a  new  interest.  In  observing  the  meteors  for  this  purpose, 
it  is  assumed  that  they  appear  instantaneously  to  observers  stationed 
at  a  distance  from  each  other,  and  that  the  meteors  seen  by  different 
observers  so  placed  are  identically  the  same.  These  points  are  not 
altogether  free  froth  uncertainty ;  but  the  results  of  the  trials  that 
have  been  already  made  may  be  regarded  as  favourable,  and  as 
showing  that  among  the  other  methods  of  determining  astronomical 
positions,  the  observation  of  shooting-stars  is  not  to  be  disregarded. 
At  the  November  meeting  of  this  Society,  in  1839,  an  account  was 
given  of  Professor  Schumacher's  observations  at  Altona  on  the 
night  of  the  10th  of  August,  1838.  On  the  same  night,  corre- 
sponding observations  were  made  at  several  observatories  in  Oer- 
many ;  but  those  at  Breslaw  appear  to  have  been  the  most  success- 
ful. From  twelve  coincident  observations  at  Altona  and  Breslaw, 
Pkofessor  Boguslawski  computed  the  difference  of  longitude  of  the 
two  places  to  be  28"  22*^07,  which  differs  less  than  a  second  from 
that  which  had  been  previously  adopted.  In  Silliman's  American 
Journal  for  October  1840,  an  account  is  given  of  simultaneous  ob- 
servations made  on  the  25th  of  November,  1835,  at  Philadelphia, 
and  at  the  College  of  New  Jersey,  at  Princeton.  Seven  coincidences 
were  observed,  and  the  mean  result  gave  a  longitude  differing  only 
l'*2  from  the  mean  of  other  determinations  ;  the  whole  difference 
being  two  minutes.  This  appears  to  have  been  the  first  actual  de- 
termination of  a  diffierence  of  longitude  by  meteoric  observations. 
In  the  corresponding  observations  of  Wartmann  and  Reynier  at 
Geneva  and  Planchettes,  the  differences  of  longitude  deduced  from 
three  of  the  meteors,  which  were  attended  with  peculiarities  so  re- 
markable as  to  leave  no  doubt  of  their  identity,  were  respectively 
2",  2°*  8*,  2"  5*,  whence  it  would  seem  that  a  single  observation 
may  be  in  error  to  the  amount  of  several  seconds  of  time.  In  the 
BAlioih^queUniverselie  de  Genh^e  for  August  1840,  there  is  given 
an  account  of  the  determination  by  this  method  of  the  difference  of 
longitude  between  Rome  and  Naples.  The  corresponding  observa- 
tions were  begun  in  November  1838,  and  were  continued  at  inter- 
vals under  the  direction  of  Father  Vico  at  Rome,  and  of  Capocci  and 
Nobili  at  Naples.  The  apparent  paths  of  the  meteors  were  traced 
on  a  celestial  globe,  and  the  times  of  appearance  and  extinction 
compared  with  clocks  regulated  by  astronomical  observations.  The 
observed  times  of  the  extinction  of  the  phaenomena  presented  a  very 
satisfactory  agreement,  inasmuch  as  it  is  stated  that  there  was  in 
general  a  difference  of  only  a  few  tenths  of  a  second  of  time  between 
the  partial  results  for  a  difference  of  longitude  amounting  to  7°^  5*' 7. 
llue  merit  of  first  suggesting  the  use  of  shooting-stars  and  fire- 
Phi^Mag.  S.3.  Vol.  19.  No.  127.  Suppl.  Jan.  1842.    2  O 


Digitized 


by  Google 


i^5^  Rojfol  Astrommical  Sode^ 

balli  as  aignalft  for  the  <feteniiinatioii  <^  longitudes  is  ckuned  hj 
Dr.  Olbers  and  the  (German  astronomers  for  Benzenbeig,  who  poh- 
lished  a  work  on  the  subject  in  1802.  Mr.  Baily,  however,  has 
pointed  out  a  paper  published  by  Dr.  Maskelyne  twenty  years  pr^ 
viously,  in  which  tiiat  illustrious  astronomer  caDs  attention  to  the 
subject,  and  distinctly  points  out  this  a{^licati<m  of  tiie  phsenomcna. 
The  paper,  which  is  printed  on  a  nngle  sheet,  is  entitled  "  A  Fkn 
for  observing  the  Meteors  called  Fke^balls,  by  Nevil  Maskelyne. 
D  J).,  F.R.S.,  and  Astronomer  Ro]^,"  and  is  dated  Oreeawich. 
November  6th,  1783.  Afber  recounting  some  observatioiw,  from 
whibh  he  infers  that  such  meteors  appear  more  frequently  than  is 
commonly  imagined,  and  stating  the  particulars*  to  be  atteodad  to 
in  observing  them,  he  adds : — 

"  It  woiUid  be  well  if  those  persons  who  happen  to  see  a  meteor 
would  put  down  the  time  by  their  watch  when  it  first  appeared,  or 
was  at  its  greatest  altitude,  or  burst,  or  disappeared,  and  again 
when  they  hear  the  sound ;  and  as  common  watches  are  liable  to 
vary  mudi  in  afew  hours,  that  they  would,  as  soon  after  as  may  be, 
find  the  error  of  their  watch  by  a  good  regulator ;  for,  if  ike  eg^ei 
tme  eould  be  had  at  different  placee,  the  absolute  velodty  of  the 
meteoTi  the  velocity  of  the  somad  propagated  to  «s  froan  the  higher 
regioue  ef  the  atmoephere,  and  the  longitudes  of  plaeee,  might  be  de* 

Extracts  from  the  Report  of  the  Council  of  the  Society  to  the  T\penty» 
first  General  Annual  Meeting,  held  February  1,  1841. 
"  Hie  recurrence  of  this  annual  meeting  of  the  Society  affords  the 
Council  its  usual  oroortunity  of  referring  to  the  princi|Md  events  of 
tiie  past  session,  lliese,  although  few  in  number,  are  full  of  in- 
terest to  those  who  prosecute  the  varied  branches  of  astronomical 
soienoe.  For,  since  our  last  anniversary,  a  comet  has  been  disco- 
vered at  Berlin,  by  that  inde&tigable  astronomer,  M.  Galle,.  whi^ 
appears  to  be  tiie  same  that  was  observed  in  th^  year  1097,  and 
again  in  the  year  1468 ;  thus  pexfonning  its  revolution  in  aboirt 
371  years.  And,  more  recently,  another  comet  has  been  diaoowed 
also  at  Berlin,  l^  M.  Bremicker;  which  is  now  visible  to  thoes 
who  are  possessed  of  a  powerful  telescope,  bat  which,  however, 
from  the  elements  at  present  deduced,  has  never  been  previously 
seen  by  any  human  being.  The  Council  cannot  bat  congratulate 
the  Society  that  this  branch  of  the  science  appears  now  more  likely 
to  be  prosecuted  than  it  has  recently  been,  and  thus  lead  to  dis- 
coveries that  may  eventually  have  an  important  bearing  on  our 
knowledge  of  the  laws  and  phyrioal  constitution  of  the  universe. 
The  subject  of  parallax  also  has  engaged  more  than  ordinary  attca* 
tion  within  the  last  year  from  the  interest  excited  by  M.  Beasel*s 
valuable  observations  on  the  double  star  61  Cygni,  which  now  ap- 
pear  to  be  brought  to  a  close,  and  which  the  Council  have  considered 
of  sufficient  importance  to  entitle  bim  to  the  award  of  the  medal  of 
this  Society,  as  will  be  fiiHy  explained  by  the  F^resident  in  his  ad« 
dress  at  the  dose  of  this  meeting." 
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Aiftongst  the  inctrumente  aUuded  to  in  the  statement  of  the  paro« 
porty  of  the  Society.  "  the  Council  have  the  satia&ction  of  bringing 
before  the  notice  of  the  members,  the  vahiable  joint  present,  from 
Sir  John  Herschel  and  his  aunt  Miss  Caroline  Hersdiel,  of  a  seven^ 
feet  reflecting  telescope  made  by  the  late  Sir  William  Hersohel,  and 
used  by  her  in  many  of  her  observations.  This  token  of  respect  and 
attention  will  be  duly  estimated  by  the  Society,  who  will  doubtless 
.  preserve  this  interesting  memorial  of  science  m^  more  than  ordi* 
naiy  care. 

.  **  Amongst  the  losses  by  death,  during  the  past  year,  the  Council 
have  to  regret  the  decease  of  Capt.  Drummond,  Dr.  Oregc^,  Fh>f. 
Leyboum,  and  Mr.  Best,  on  the  home  list;  and  MM.  01b«»>  Poia* 
son»  and  Lattrow,  on  the  foreign  list. 

*'  Cept.Thomas Drummond  was  horn  atEdinburgh  in  October  1797, 
sgad  entered  the  corps  of  Royal  Bngineers  in  July  1815.  In  this  de* 
partment  his  talcant  for  mechanical  combinations  became  con^icu* 
oua,  which,  togedier  with  his  dose  attention  to  the  study  of  che« 
mistry,  rendered  his  services  of  ccMosiderable  value.  In  1819,  be  took 
part  in  the  trigonometrical  survey  which  was  then  earrjring  on  in 
Great  Britain,  under  the  superintendence  of  Col.  Colby :  and  whilst 
in  this  employment,  he  suggested  the  happy  idea  of  applying  the 
brilliant  lamp,  which  goes  under  his  name«  to  rendering  visible  the 
distant  stations.  An  account  of  this  valuable  invention  is  printed 
in  the  Philosophical  Transactions  for  1826*. 

*^  Capt.  Drummond  was  an  early  member  of  this  Society,  and  took 
great  interest  in  promoting  its  welfare.  During  the  comparisons  of 
t^  standard  scale  of  the  Society  with  the  parliamentary  standard, 
he  finequently  attended  the  meetings  of  the  Committee,  and  aided 
them  with  his  opinion  and  advice  on  several  important  points.  His 
previous  knowledge  and  experience  on  such  subjects  bad  been  well 
matured  by  the  laborious  and  extensive  comparisons  of  the  new 
standard  bare,  used  in  the  trigonometrical  survey,  that  had  just  be«< 
fore  been  carried  on  at  the  Tower,  principally  under  his  manage- 
ment ;  and  where  he  had  alternately  to  encounter  the  heat  ol  an 
oven  and  the  cold  of  an  ice-house :  no  method  being  left  untried  for 
attainingthe  greatest  degree  of  accuracy,  both  in  the  measures  them* 
sdves,  and  in  determining  the  rate  of  expansion. 

"  It  is  supposed  that  the  first  shock  which]|Capt.  Drummond's  eon** 
stitution  received,  was  in  laying  down  the  base-line  at  Looh  Foykw 
m  Irdand ;  where  he  was  oftentimes  exposed  to  the  inclemencies  of 
the  weather,  and  himself  frequently  standing  in  deq)  water,  eazneatly 
intent  on  the  operations  that  were  then  earr3ring  on,  as  a  foundation 
for  the  future  survey  of  the  country.  In  fact,  he  entered  with  so 
much  ardour  and  zeal  into  whatever  he  undertook,  that  he  mi§^ 
be  considered  the  life  and  soul  oi  every  enterprise  in  which  he  was 
engaged.  But  he  was  withdrawn  from  his  geodesical  pursuits  by 
the  Lord  Chancellor  (Brougham),  who  placed  him  at  the  head  of  the 
Boundary  Commission  that  was  established  as  a  preliminary  to  the 

[«  See  PblUMag.»  First  Series,  vol  livn.  p.  87d.468r-En.] 
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Refonn  Bill.  In  this  new  employment  Capt.  Dmmmond  exerted 
himself  with  his  usual  zeal  and  abUity,  wluch  led  to  a  more  intimate 
connexion  with  the  ministers  then  in  power ;  and  he  was,  in  April 
1832,  appointed  private  secretary  to  Lord  Althorp,  then  Chancellor 
of  the  Exchequer.  In  this  situation  he  aided  the  cause  of  this  So- 
ciety, and  was  the  principal  means  of  our  obtaining  the  grant  of  the 
present  apartments  which  we  now  occupy.  In  July  1885,  he  was 
appointed  under-secretary  to  the  Earl  of  M ulgrave.  Lord  lieute- 
nant of  Ireland.  The  arduous  duties  of  his  office,  united  witii  other 
employments  which  he  undertook,  more  especiaUy  as  first  commis- 
sioner of  the  Irish  Railway  Commission,  in  which  his  usual  good 
sense  and  indefatigable  exertions  were  manifest,  proved  too  much 
for  his  physical  strength.  His  constitution  gradually  gave  way,  and 
it  was  soon  apparent  that  the  scene  was  about  to  dose  upon  him 
for  ever.  At  length,  '  in  the  plentitude  of  mental  power  and  the 
maturity  of  knowledge,  beloved  in  private  and  esteemed  in  public 
life,'  he  expired  on  the  15th  of  April  last,  and  was  followed  to  the 
grave  by  thousands  who  revered  his  memory  and  mourned  his  loss. 

"  Dr.  Olinthus  Gregory  was  one  of  the  earliest  members  of  the 
Society,  and  for  some  time  held  the  office  of  secretary.  Though 
educated  in  the  old  English  school  of  mathematics,  his  acquaint- 
ance with  the  continental  methods  was  much  more  extensive  than 
would  have  appeared  from  his  writings,  which  were  almost  alto- 
gether intended  for  those  who  had  studied  the  older  English  writers. 
He  knew  generally  what  was  going  on  abroad,  particularly  in  the 
extensions  of  geometry  made  by  the  school  of  Monge.  As  editor  of 
the  well-known  Ladies'  and  Gentleman's  Diaries,  he  was  brought 
into  communication  with  young  students  who  were  desirous  of  £s- 
tinguishing  themselves  in  the  exact  sciences.  Tlie  protection  and 
encouragement  which  he  afforded  to  those  who  were  pursuing  the 
path  which  he  himself  had  trodden,  will  be  gratefully  remembered 
by  many ;  and  the  period  of  his  superintendence  of  those  usefol 
works  will  be  remembered  as  that  in  which  every  contributor  of 
merit  found  a  friend  in  the  editor.  His  manners  were  altogether  in 
accordance  with  what  might  have  been  expected  from  the  preceding 
account ;  all  he  did  and  said  was  dictated  by  benevolence  of  feding. 

"  Dr.  Gregory's  occupations  were  numerous  and  engrossing,  and 
his  power  of  application  was  very  great.  About  thirteen  years  ago 
he  was  attacked  with  severe  illness,  from  which  it  was  luurdly  ex- 
pected that  he  would  finally  recover.  Although  more  or  less  of  an 
invalid  frt>m  that  time  till  his  death,  he  continued  his  numerous 
avocations  with  all  but,  if  not  altogether,  his  accustomed  enevgy. 
On  the  removal  of  the  tax  on  almanacs,  he  was  the  first  to  see  that 
the  publications  which  he  superintended  might  be  made  still  more 
useful  in  diffusing  the  spirit  of  scientific  inquiry ;  and,  from  that 
time  till  his  death,  original  treatises,  or  usefbl  reprints,  were  made 
to  form  part  of  them. 

"  The  writing  by  which  he  is  best  known  to  the  public  at  larp;e  is 
his  letters  on  the  evidences  of  Christianity,  a  work  of  large  circu- 
lation.   I&  trei^iae  on  mechanics  had  a  ransiderahle  cdelnxty,  and 
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was  translated  into  Grerman ;  it  is  not  improbable  that  some  here 
present  may  have  learned  their  first  ideas  of  that  science  from  it* 
His  edition  of  Dr.  Hutton's  Course  of  Mathematics  was  considerably 
augmented  by  himself,  and  is  the  best  of  them  all.  As  an  accurate 
observer,  he  is  known  by  his  experiments  on  the  velocity  of  sound, 
which  agree  almost  exactly  with  those  of  the  first  French  and  three 
Dutch  observers,  who  were  almost  simultaneously  employed  on  the 
same  subject*. 

"  We  have  frequently  to  record  losses  which  bear  more  directly 
on  practical  astronomy,  but  it  is  not  often  that  we  have  to  regret  the 
termination  of  a  more  energetically  useful  career,  and  never  of  a 
more  zealous  one.  The  principal  works  known  to  have  been  written 
or  edited  by  him  are  as  follow :  — 
1793.  Lessons,  Astronomical  and  Philosophical,  1  vol. 

1801.  Treatise  on  Astronomy,  1  vol. 

1802.  The  Gentleman's  Diary,  under  his  editorship. 

1806.  Treatbe  on  Mechanics,  3  vols. 

1807.  Translation  of  Hauy's  Natural  Philosophy,  2  vols. 

1808.  Fantalogia,  of  which  he  was  the  general  editor,  and  the  con- 

tributor of  about  one  half,  12  vols. 
1810.  Third  volume  of  Dr.  Hutton's  Course  of  Mathematics,  of 

which  he  wrote  about  one  half;  and  he  afterwards  edited 

an  edition  of  the  whole  course. 
Letters  on  the  Evidences,  &c.  of  Christianity,  2  vols. 

1815.  Tracts  on  the  Trigonometrical  Survey. 

1816.  Plain  and  Spherical  Trigonometry,  1  vol. 
Dissertation  on  Weights  and  Measures. 

1817.  An  account  of  his  Pendulum  Experiments  and  Astronomical 

Observations  made  at  Shetland,  in  the  Philosophical  Ma- 
gazine [First  Series,  vol.  liii.  p.  426.]. 

1818.  Appointed  editor  of  the  Ladies'  Diary  and  general  super- 

intendent of  the  Stationers'  Company's  Almanacs. 
1825.  Mathematics  for  practical  Men,  1  vol. 

1839.  Address  to  the  Cadets  of  the  Royal  Military  Academy  on 

resigning  the  Professor's  Chair. 

1840.  Hints  to  Mathematical  Teachers,  1  vol. 

■  Tables  to  be  used  with  the  Nautical  Almanac. 

"  He  was  also,  at  one  period  of  his  life,  a  large  contributor  to  the 
leading  reviews. 

"  Thomas  Leyboum,  Esq.  Fellow  of  the  Royal  Society,  late  senior 
Professor  of  Mathematics  in  the  Royal  Military  College,  was  one 
jof  the  original  memliers  of  this  Society,  having  been  admitted  by 
the  founders  in  1820.  Mr.  Leyboum  was  bom  in  1769,  at  Bishop* 
Middleham,  in  the  county  of  Durham.  Although  he  had  not  the 
advantages  of  a  regular  education,  he  appears  to  have  devoted  him- 
self to  mathematical  studies  from  an  early  period  of  life ;  for,  soon 
after  1790,  he  was  a  correspondent  of  Dr.  Hutton  in  the  Ladies' 
Diary;  and,  in  1795,  he  became  known  to  the  public  as  the  editor 

[*  Dr.  Gregory's  paper  on  this  subject  will  be  found  in  Phil.  Mag*^ 
voL  IxiiL  p.  401.^£o.]. 
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of  the  Mathematical  Repofiitory  -^-a  publication  ^vrhich  made  its  ftp- 
peannce  at  irregular  mtervale,  and  of  which  the  object  was  to  afibid 
a  channel  for  giving  publicity  to  lucubrations  of  greater  lengtii, 
and  to  the  solutiona  of  problems  of  a  higher  order  oi  difficulty*  ^lan 
eould  be  admitted  into  tiie  Diaries.  At  that  time  he  was  employed 
as  land«agent  on  tiie  estate  of  a  nobleman  in  Wake.  In  1802  lie 
was  i4>p(nnted>  on  the  recommendation  of  Dr.  Hutton,  one  of  tl&e 
mathematical  instructors  in  the  Military  Ck)lLege  then  reoentiy  estm^ 
blished  at  €keat  Marlow — an  office  which  he  continued  to  ffll  ^with 
much  ability  and  advantage  to  the  insdtotion,  until  witiun  a  few 
montltt  htfufte  his  death,  which  took  pkoe  in  March  1840. 

'*  The  first  series  of  the  Mathematical  R^ository  terminated  in 
1802,  when  the  work  had  extended  to  five  duodecimo  volumeB. 
Another  series  was  begun  in  1803,  whidi  was  continued,  though 
with  some  long  intermissions,  until  1835,  when  it  had  eitonded  tx> 
six  volumes  8vo.  To  this  publication  some  of  the  most  distinguiahed 
mathematicians  of  the  country  were  occasional  contributors;  and 
although,  as  in  all  other  periodicals,  the  contributions  are  of  very 
unequid  merit,  die  work  is  on  the  whole  valuable  to  the  stodent  of 
geometry,  particularly  the  earlier  volumes  of  it,  whidi  contain  nuuiy 
very  beantifal  specimens  of  the  application  of  the  ancient  geotne- 
tricMl  analysis.  Besides  the  Madiematical  Repository,  Mr.  L#ey- 
boum  was  editor  of  the  '  Questions  proposed  in  the  Ladies'  Diary/ 
published  in  1817,  in  four  vols«  8vo ;  and  of  the  Qendeman's  Diioy 
from  1824  till  his  death.  To  these  several  worics  he  contributed 
little  of  his  own ;  but  his  merit  in  bringing  them  forward,  and  tlie 
liberality  he  showed  in  defraying  die  expense  of  their  publication 
(for,  wilii  the  exception  <tf  the  Gentleman's  Diary,  they  were  all 
attended  with  a  considerate  pecuniary  sacrifice),  will  secure  for  his 
name  the  respect  of  those  who  wish  well  to  die  propagation  of  uae* 
fol  knowledge. 

"  Mr.  Leyboum's  distinguishing  merit,  however,  ocmnsted  in  the 
ability  and  zeal  with  which,  during  the  kmg  period  of  thirty-seven 
years,  he  discharged  his  laborious  public  duties  in  the  Military 
College.  As  an  instructor  he  was  highly  respected  and  esteemed  by 
the  governors  of  the  institution,  and  much  beloved  by  his  pupils, 
in  whose  progress  and  advancement  he  took  die  warmest  interest. 
He  vras  a  man  of  a  kind  and  benevcdent  disposition ;  ready  at  all 
times  to  extend  a  helping  hand  to  those  who  stood  in  need  of  assnt- 
anoe,  more  tgpedaHj  if  diey  came  recommended  to  him  as  possess- 
ing a  taste  for  the  matiiematics. 

-'  Richard  Best,  Esq.  was  one  of  the  earliest  members  of  this  So^ 
ciety,  and,  while  his  health  pennitted,  he  was  a  reguhir  attendant 
at  the  monthly  meetings.  He  had  a  sort  of  hereditary  connexion 
with  our  science  through  his  mother,  who  was  a  niece  of  Dr.  Brad- 
ley, being  the  daughter  of  his  sister  Rebekah,  the  wife  of  M^.  John 
DaDaway;  and  he  possessed  some  books  and  instruments  vrhich 
had  once  been  the  {Nropeity  of  that  distinguished  astronomer.  Tlie 
popolar  farsoches  of  astronomy  were  to  hum  «  aouroe  of  aauiaai 
he  was  a  diligent  observer  of  telescopic  phgnomfflMi,  and  he 
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iionally  fumished  an  account  of  them  to  the  periodicals  of  the  day. 
He  was  greatly  respected  in  his  own  neighbourhood,  having  long 
been  treasurer  to  most  of  the  local  charities,  and  a  liberal  supporter  of 
them  all.  He  was  a  native  of  Greenwich,  where  he  resided  till  within 
a  few  months  of  his  death ;  and,  for  the  last  thirty-five  years,  lived  in 
a  house  which  was  built  by  his  grandfather,  and  occupied  by  him  for 
ike  first  time  on  the  day  his  son,  Mr.  Best's  father,  came  of  age. 

"  Mr.  Best  retired  to  Henley-on-Thames,  where  he  died  on  the 
morning  of  May  19,  1840,  the  day  on  which  he  would  have  com- 
pleted his  seventy-third  year,  regretted  by  all  who  had  the  pleasure 
of  his  acquaintance. 

''  The  important  discovery  of  two  new  planets  in  omr  system 
(FaUas  and  Vesta)  has  rendered  the  name  of  Olbers  fieuniliar  to  every 
lover  of  astronomy.  The  circumstances  that  led  to  this  discovery 
were  as  singular  as  they  were  fortunate ;  and  show  the  happy  re- 
sults that  may  arise  from  a  zealous  association  of  individuals  in  the 
steady  pursuit  of  some  definite  object.  The  detail  of  those  circum- 
stances has  been  so  recently  given  in  the  obituary  of  this  distin- 
guished astronomer  and  mathematician,  read  at  the  last  anniversary 
meeting  of  the  Royal  Society,  that  it  appears  almost  needless  to 
repeat  them  in  this  place.  Yet  it  may  here  be  stated,  that  the  dis- 
covery of  Pallas  at  nearly  the  same  distance  from  the  sun  as  Ceres 
(which  had  been  discovered  in  the  preceding  year)  led  Olbers  to 
conjecture  that  they  were  fragments  of  a  larger  planet,  which  might 
have  been  scattered  by  some  great  catastrophe,  and  tiiat,  probably, 
some  other  portions  of  the  ori^al  mass  might  be  found  in  nearly 
the  same  orbit.  His  diligence  was  rewarded  by  the  discovery  of 
Vesta,  about  five  years  afterwards ;  and  nearly  in  the  position  in 
which  he  expected  it  would  be  found.  The  instrument  with  which 
he  made  these  discoveries  was  a  very  small  telescope,  and  his  obser» 
vatDry  was  a  room  in  the  upper  part  of  his  house ;  thus  showing  to 
the  world  with  what  slender  means  the  most  important  results  may 
be  obtained.  But  Olbers  was  not  merely  a  practical  astronomer ; 
his  treatise  on  the  best  mode  of  determining  Uie  orbit  of  a  comet, 
and  his  improvements  and  investigations  of  various  astronomical 
formulae,  exhibit  him  as  a  mathematician  of  considerable  talent. 
One  of  the  latest  papers  relative  to  astronomy,  on  which  he  was 
employed  prior  to  his  deatii,  w^  on  a  reform  of  the  constellations, 
both  as  to  their  nomenclature  and  the  arrangement  of  the  stars  which 
limit  their  boundaries  :  to  which  subject  he  was  excited  by  a  passage 
in  the  Report  of  the  Council  at  our  last  anniversary,  wherein  it  was 
stated  that  a  revision  of  this  kind  was  about  to  be  made  under  the 
superintendence  of  a  committee  appointed  by  the  British  Association. 
The  views  of  Olbers  are  in  perfect  coincidence  with  the  object  pro- 
posed ;  and  in  the  paper  above  alluded  to,  and  which  has  been  trans- 
mitted to  the  President,  he  laments  the  confusion  that  has  been  in- 
troduced by  his  predecessors,  and  suggests  some  useful  hints  for  a 
remedy  *• 

[•  For  another  obituary  notice  of  Dr.  Olbers,  see  PhiL  Mag.«  S.  3.,  yoI. 
xvnL  p.  7SLr— £o.] 


Digitized 


by  Google 


^^0  Bqi/al,  44rpnm^cal  SgcUtg. 

"  Simeon  Denis  Foiseon  (bom  June  21, 1781,  died  April  25, 1840) 
wa9  placed,  by.  common  consent,  at  the  head  of  £ur(qpean  analysts 
on  the  death  of  Laplace.  He  was  of  humble  birth,  and  was  admitted 
in  1793  a  student  of  the  Ecole  PolytechrUque,  then  newly  esta- 
blished.  It  is  stated,  by  the  historian  of  this  school,  that,  at  the 
age  of  eighteen,  he  submitted  to  his  professor  some  ameliorations  in 
the  method  of  demonstrating  the  binomial  theorem;  which  that 
teacher,  who  was  no  other  than  Lagrange,  read  publicly  at  his  next 
lecture,  and  which  he  declared  his  intention  of  adopting  in  future. 

"  The  life  of  Poisson  was  one  of  quiet  and  uninterrupted  study. 
He  never  held  any  situation  connected  with  politics,  nor  was  in  any 
way,  during  thirty  years,  prevented  from  pursuing  his  one  great  ob- 
ject, the  application  of  the  most  abstruse  and  newest  developments 
of  the  integral  calculus  to  problems  of  physics.  The  number  of  his 
memoirs  is  enormous ;  to  which  must  be  added  his  elementary  trea* 
tise  on  mechanics  (which  stands  at  the  head  of  all  elementary 
writings  on  the  application  of  pure  analysis  to  the  properties  c^ 
matter),  his  treatises  on  capillary  attraction,  on  heat*,  and  on  the 
theory  of  probabilities. 

**  It  is  well  known  that  the  energies  of  Euler,  Clsdraut,  D'Alem* 
bert,  and  the  younger  Bemoullis,  had  organised  the  application  of 
mathematics  in  a  manner  which  made  the  subsequent  triumphs  of 
Lagrange  and  Laplace  seem  almost  beyond  expectation.  The  power 
of  the  pure  mathematics  seemed  to  flag,  when  Fourier  first  came 
forward  with  his  applications  of  definite  integrals  and  periodic  series 
to  questions  of  physics,  which  seemed  to  be  unconquerable,  and  of 
which  the  difficulties  seemed  to  be  altogether  inexpressible  by  ordi- 
nary analysis.  A  new  school  of  mathematicians  was  rapidly  formed, 
in  whose  hands  the  mode  of  expression  by  definite  integrals  added 
one  more  to  the  instances  in  which  the  happy  enunciation  of  ques- 
tions was  all  but  their  solution.  Poisson  was  one  of  the  first  of  this 
school  in  point  of  time,  and  by  far  the  greatest  in  power.  Through- 
out the  major  part  of  his  writings  we  trace  the  same  capability  of 
explaining  the  most  abstruse  points  with  fluent  clearness  and  rigid 
accuracy,  combined  with  that  of  conquering  the  physical  difiiculties 
of  his  problem  by  the  most  happy  art  of  adaptation. 

"  Many  of  his  memoirs  axe  on  the  great  questions  of  physical  astro- 
nomy, and  it  is  here  that  he  shows  that  he  was  not  the  accident  of 
a  fortunate  epoch,  but  that  he  could  handle  the  instruments  of  his 
two  great  predecessors  with  skill  resembling  their  own.  Perhaps 
his  greatest  achievement  in  this  line  is  the  extension  of  our  know- 
ledge respecting  the  stability  of  the  solar  system,  as  far  as  it  may 
be  affected  by  perturbations  of  the  mean  orbital  motions,  or  of  the 
axical  rotations;  This  question  does  not,  as  many  imagine,  owe  all 
its  interest  either  to  the  predictive  power  which  is  sought,  or  to  the 
grandeur  of  the  problem  considered  as  the  path  to  such  a  power.  It 
is  to  be  remembered  that  the  connecting  constants  between  the 
oldest  and  most  recent  astronomy  are  the  lengths  of  the  sidereal  year 
and  of  the  day ;  and  that  we  cannot  assume  to  talk  a  common  lan- 

[*  See  Taylor*s  Scientific  Memoirs,  vol.  i.  p.  122.— Ep.] 
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guage  i?ith  Hipparchus  and  Ptolemy,  unless  we  have  reason  to 
know  tiiat  these  elements  continue  sensibly  unaltered.  In  addition 
to  tiie  imperfect  presumptions  derived  from  observation  (imperfect  on 
account  of  the  large  liability  to  error  of  the  older  astronomers) 
LAgrange  had  shown  that  the  mean  motions  have  no  secular  in- 
equialities  depending  on  the  first  power  of  the  disturbing  forces ;  or, 
so  far  as  this  first  power  was  concerned,  on  any  powers  of  the  ec- 
centricities or  inclmations.  Laplace  had  shown  that  a  certain  se- 
cular equation,  which  should  in  theory  be  applied  to  the  sidereal 
day,  would  always  be  too  small  to  be  of  any  importance.  Poisson 
extended  the  conclusions  of  Lagrange  to  the  second  power  of  the 
disturbing  forces,  and,  relatively,  to  any  powers  of  the  eccentricities 
and  inclmations;  or  rather,  we  may  say,  that  he  showed  any  se- 
cular equation  of  the  mean  motions  to  depend  only  on  the  fourth 
power  of  disturbing  forces ;  for,  in  the  course  of  the  investigation, 
it  appears  that  no  such  equation  of  any  odd  order  can  exist.  As  fair 
as  the  fourth  powers  of  eccentricities  and  inclinations,  he  actually 
shows  the  mutual  destruction  of  an  infinite  number  of  non-periodic 
disturbing  terms ;  the  rest  of  the  powers  are  completed  by  a  general 
and  different  investigation.  In  the  problem  of  the  rotation  of  the 
earth,  he  generalises  the  investigation  of  Laplace,  by  taking  into  consi- 
deration file  actual  change  of  the  axis  on  the  earth;  the  former  investi- 
gation considering  only  the  change  of  the  axis,  supposed  to  be  fixed 
in  the  earth,  relatively  to  the  stars.  The  result  agrees  with  that  of 
Laplace  as  to  Ihe  non-existence  of  any  sensible  secular  inequality. 

"  Poisson  belongs  to  a  class  of  investigators  of  whom  many  are 
always  wanted,  but  one  is  permanently  indispensable. 

"  llie  applications  of  the  newest  powers  of  mathematical  language 
should  always  be  made  as  near  as  may  be  to  the  time  when  they  are 
first  exhibited.  But  such  peculiar  combination  of  address  and  power, 
with  a  perfect  knowledge  of  existing  materials,  is  not  of  every-day 
occurrence ;  nor  is  it  permitted  to  say,  uno  avulso  non  deficit  alter*. 

"  His  Majesty  the  King  of  Denmark,  who  was  elected  an  honorary 
member  of  this  Society  at  the  last  anniversary,  has  been  pleased  to 
continue  the  offer  of  the  gold  medal  founded  by  his  royal  prede- 
cessor, for  the  first  discovery  of  a  telescopic  comet ;  subject  to  the 
conditions  and  regulations  already  inserted  in  the  Monthly  Notices 
of  this  Society  for  November  1835  f.  One  of  these  conditions 
(which  is  indispensable  as  far  as  it  affects  persons  resident  in  Great 
Britain)  is,  that  notice  of  such  discovery  must  be  sent  by  the  first 
post  to  Mr.  Baily. 

"  The  Council  cannot  conclude  this  Report  without  expressing  a 
hope  that  the  future  efforts  of  the  Society  for  the  promotion  and 
encouragement  of  astronomy,  will  be  marked  with  the  same  success 
as  has  hitherto  attended  their  career  :  and  that  they  may  continue 
to  show  to  the  world  the  happy  effects  of  unanimity  and  zeal  in  the 
pursuit  of  a  favourite  science." 

I*  Another  obituary  notice  of  M.  Poisson  will  be  found  at  p.  74  of  the 
preceding  volume.— Edit.] 
[t  See  Phil.  Mag.,  THird  Seric«,  vol.  ix.  p.  294.— Ed.], 
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Tk9  Preddent  (Sir  J.  F.  W.  Herschei,  Bart.)  then  addressed  tk» 
Meeting  on  the  subject  of  the  award  of  the  Medal,  ae/ollows:^^ 

Oendemen, — ^The  Report  of  the  Council  has  placed  hefcite  you 
80  ample  a  view  of  the  state  of  ite  Society,  of  its  laboofB  during 
the  lasit  year,  of  the  accessdons  to  its  members,  and  of  ^e  many 
and  seyere  losses  it  has  had  to  deplore,  that  litde  is  left  lior  me  to 
add,  except  my  congratulations  on  its  continued  and  increaaing  proe« 
perity.  It  would  l^  inexpressibly  gratifying  to  me  if  I  could  per- 
suade myself  that  my  own  exertions  in  its  Chair  had  contributed, 
even  in  a  small  degree,  to  that  prosperity ;  but,  alas !  I  have  felt 
only  too  sensibly  how  very  feebly  and  inefficiently,  especially  da* 
ring  the  last  year,  owing  to  a  variety  of  causes,  but  chiefly  to  reai* 
dence  at  a  distance  firom  London,  I  have  been  able  to  fill  that  moat 
honourable  office. 

The  immediate  object  of  my  now  addressing  you,  gentlemen*  is 
to  declare  the  award  by  your  Council  of  the  g^d  medal  of  this  So* 
ciety  to  our  eminent  associate,  M.  Bessel,  for  his  researches  on  the 
annual  parallax  of  thftt  remarkable  double  star  61  Cygni  *,  researches 
which  it  is  the  opinion  of  your  Coundl  have  gone  so  frr  t»  establish 
tiie  existence  and  to  measure  the  quantity  ci  a  periodical  fluctua- 
tion,  annual  in  its  period  and  identical  in  its  law  with  parallax,  as 
to  leave  no  reasonable  ground  for  doubt  as  to  the  reality  of  such 
fluctuation,  as  something  different  firom  mere  instrumental  or  oh* 
servational  error :  an  inequality,  in  short,  which,  if  it  be  aof  parallax, 
is  so  inseparably  mixed  up  with  that  effect,  as  to  leave  us  without 
any  criterion  by  which  to  distinguish  them.  Now,  in  such  a  case, 
parallax  stands  to  us  in  the  nature  of  a  vera  cansa,  and  the  rules  of 
philosophizing  will  not  justify  us  in  referring  the  obeerved  effect  to 
an  unknown  and,  so  fiEur  as  we  can  see,  an  inconceivable  cause,  when 
Una  is  at  hand,  leady  to  account  for  the  whole  effect. 

I  say,  in  the  nature  of  a  vera  causa,  rince  each  particular  star 
must  of  necessity  have  some  parallax.  Bvery  real,  etisting  material 
body,  must  enjoy  that  indefeasible  attribute  of  body,  viz.  de/hnie 
place.  Now  place  is  defined  by  direction  and  £stance  from  a  fixed 
point.  Every  body,  therefore,  vdiich  does  exist,  exists  at  a  certain 
definite  distance  from  us  and  at  no  other,  either  more  or  less.  Hie 
distance  of  every  individual  bodg  in  the  universe  from  us  in,  tiliere* 
fore,  necessarily  admitted  to  be  finite. 

But  though  the  distance  of  each  particular  star  be  not  in  strict* 
ness  infinite,  it  is  yet  a  real  and  immense  accession  to  our  know* 
ledge  to  have  measured  it  in  any  one  case.  To  accompliah  tins,  has 
been  tiie  object  of  every  astronomer^s  highest  aspirations  ever  aince 
ridereal  astronomy  acquired  any  degree  of  precision.  But  hittiertD 
it  has  been  an  object  which,  like  the  fleeting  fires  tbat  dazzle  and 
mislead  tiie  benighted  wanderer,  has  seemed  to  suffer  the  sembUmoe 
of  an  a^^iroach  only  to  elude  his  seizure  when  apparently  just  witiiin 
bis  graqp»  oontiiiiially  hovering  just  beyond  the  linuta  of  hia  distinct 

[*  See  PIdL  Mag.,  Third  Series,  voL  ziv.  p.  SSW.— En.]. 
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apprehension,  and  so  leading  him  on  in  hopeless,  endless,  and  ex«> 
luiusting  pursuit. 

The  pursuit,  however,  though  eager  and  laborious,  has  been  far 
from  unproductive  even  in  those  stages  where  its  immediate  object 
has  heen  baffled. 

The  fiict  of  a  periodical  fluctuation  of  some  kind  in  the  apparent 
places  of  the  stars  was  recognized  by  Flamsteed,  and  erroneously 
attributed  to  parallax.  Tlie  nearer  examination  of  this  phaenomenon 
with  ftur  more  delicate  instruments,  infinitely  greater  refinement  of 
melhod,  and  clearer  views  of  the  geometrical  relations  of  the  sub- 
ject,  rewarded  Bradley  with  his  ^nd  discoveries  of  aberration  and 
nutation,  and  enabled  him  to  restrict  the  amount  of  possible  parallax 
6f  the  stars  observed  by  him  within  extremely  narrow  limits. 

Bradley  fedled  to  detect  any  appreciable  parallax,  though  he  con- 
ridered  l'^  as  an  amount  which  would  not  have  escaped  his  notice. 
And  since  his  time  this  quantilY  has  been  assumed  as  a  kind  of 
conventional  limit,  which  it  might  be  expected  to  attain  btlt  hardly 
to  surpass.  But  this  was  rather  because,  in  the  best  observations 
from  Bradley's  time  forward,  1*  has  been  a  tolerated  error ;  a  quan- 
tity for  which  observation  and  mechanism,  joined  to  atmospheric 
fluctuations  and  uncertainties  of  reduction,  could  not  be  held  rigidly 
accountable  even  in  mean  results;  than  from  any  reason  in  the 
nature  of  the  case,  or  any  distinct  perception  of  its  reality.  If 
parallax  were  to  be  detected  at  all  by  observations  of  the  absolute 
places  of  tiie  stars,  it  could  only  emerge  as  a  "  residual  phseno- 
menon,"  after  clearing  away  all  the  effects  of  the  uranographical 
corrections  as  well  as  of  refinsiction,  when  it  would  remain  mixed  up 
with  whatever  uncertainties  might  remain  as  to  the  coefiicients  of 
the  former,  with  the  casual  irregularities  of  the  latter,  and  with  all 
the  forms  of  instrumental  and  observational  error.  Now  these 
have  hitherto  proved  sufficient,  even  in  the  observation  of  zenith 
fitars,  quite  to  overlay  and  conceal  that  minute  quantity  of  which 
astronomers  were  in  search. 

It  is  not  my  intention,  gentlemen,  to  enter  minutely  into  the 
history  of  the  attempts  of  various  astronomers  on  this  problem, 
whether  by  the  discussion  of  observations  of  one  star,  or  by  the 
combination  of  those  of  pairs  of  stars  opposite  in  right  ascension ; 
nor  with  the  occasional  gleams  of  apparent  success  which,  however, 
have  alwajrs  proved  illusory,  which  have  attended  these  attempts. 
For  such  a  history,  and,  indeed,  for  a  complete  and  admirably 
drawn  up  monograph  of  the  whole  subject,  I  must  refer  to  a  paper 
lately  read  tc  this  Society  by  Mr.  Main,  and  which  is  now  in  pro- 
cess of  publication  in  the  forthcoming  volume  of  our  Memoirs  *, 
In  whatever  reference  I  may  have  to  make  to  the  history  of  the 
subject,  I  must  take  this  opportunity  to  acknowledge  my  obligations 
to  die  author  of  this  paper,  as  well  as  for  his  exceedingly  luminous 
exposition  of  the  results  of  those  more  successful  attempts  on  the 

[•  See  Phil.  Mag.,  Third  Series,  vol.  xviii.  p.  697.— En.]. 
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problem  by  Henderson,  Stnive,  and  Beasel,  vbich  I  shall  now  pio- 
ceed  more  especially  to  consider. 

It  would  be  wrong,  however,  not  to  notice  that  the  first  indica- 
tion of  some  degree  of  impression  beginning  to  be  made  on  the 
problem  seems  to  be  found  in  Struve's  discussion  of  the  differences 
of  right  ascension  of  circumpolar  stars  in  1819,  20,  and  21.  The 
only  positive  result,  indeed,  of  these  observations  is»  that  in  the  case 
of  twenty* seven  stars  examined,  none  has  a  parallax  amounting  to 
half  a  second.  But  Below  this,  there  certainly  do  seem  to  be  indi- 
cations in  the  nature  of  a  real  parallax,  which  might  at  least  suffice 
to  raise  the  sinking  hopes  of  astronomers,  and  excite  them  to  further 
efibrts.  * 

But  the  time  arrived  when  the  problem  was  to  be  attacked  from 
a  quarter  offering  far  greater  advantages,  and  exposed  to  few  or 
none  of  those  unmanageable  sources  of  irregular  error  to  which  the 
determinations  of  absolute  places  are  liable.  I  mean  by  the  mea- 
surement of  the  distances  of  such  double  stars  as  consist  of  indivi- 
duals so  different  in  magnitude  as  to  authorize  a  belief  of  their 
being  placed  at  very  different  distances  from  the  eye ;  or,  as  Struve 
expresses  it,  optically  and  not  physically  double.  This,  in  hct,  was  the 
original  notion  which  led  to  the  micrometrical  measurements  of  double 
stars ;  but  not  only  was  an3rthing  like  a  fair  trial  of  the  method 
precluded  by  the  imperfections  of  all  the  micrometers  in  use  until 
recently,  but  the  interesting  phaenomena  of  another  kind*  which 
began  to  unfold  themselves  in  the  progress  of  those  measurements, 
led  attention  off  altogether  from  this  their  original  applicadon,  which 
thus  lay  dormant  and  neglected,  until  the  capital  modem  improve- 
ments, both  in  the  optical  and  mechanical  parts  of  refracting  tele- 
scopes, and  the  great  precision  which  it  was  found  practicable,  by 
their  aid,  to  attain  in  these  delicate  measurements,  revived  the  idea 
of  giving  this  method,  what  it  never  before  had,  a  fair  trial.  Hie 
prindple  on  which  the  determination  of  parallax  by  means  of  mi- 
crometrical observations  of  a  double  star  turns,  is  extremely  simple. 
If  we  conceive  two  stars  very  nearly  in  a  line  with  the  eye,  but  of 
which  one  is  vastly  more  remote  than  the  other,  each,  by  the  effect 
of  parallax,  will  appear  to  describe  aimually  a  small  ellipse  about 
the  mean  place  as  its  centre.  These  two  ellipses,  however,  though 
similar  in  form  will  differ  in  dimension ;  that  described  by  ^e  more 
remote  star  being  comparatively  much  smaller :  consequently,  the 
apparent  places  being  similarly  situated  in  each,  their  apparent  di- 
stance on  the  line  joining  these  apparent  places  will  both  oscillate 
in  angular  position  and  fluctuate  in  length,  thus  giving  rise  to  an 
annuid  relative  alternate  movement  between  the  individuals  both  in 
position  and  distance,  which  is  greater  the  greater  the  difference  of 
the  parallaxes. 

llius  it  is  not  the  absolute  parallax  of  either,  but  the  difference 
of  their  paraUaxes,  which  is  effectively  measured  by  this  method ; 
t.  e,  by  repeating  the  measurements  of  their  mutual  distance  at  all 
times  of  the  year.    But,  on  the  other  hand,  aberration,  nutation. 
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precession,  and  refraction,  act  equally  on  both  stars,  or  so  very 
nearly  so  as  to  leave  only  an  exceedingly  small  fraction  of  these  cor- 
rections bearing  on  the  results.  And  when  the  stars  are  very  un« 
equal  in  magnitude,  there  is  a  presumption  that  the  difference  of 
their  parallaxes  is  very  nearly  equal  to  the  whole  parallax  of  the 
nearer  one. 

The  selection  of  a  star  for  observation  involves  many  considera- 
tions. In  that  pitched  on  by  M.  Bessel  (61  Cygni),  the  large  star 
so  designated,  is  in  fact  a  fine  double  star ;  nay,  one  that  has  been 
ascertained  to  be  physically  double.  It  is  in  every  respect  a  highly 
remarkable  star.  The  mutual  distance  of  its  individuals  is  great, 
being  about  lOi'^.  Now  this  being  necessarily  less  than  the  axid  of 
their  mutual  orbit,  affords  in  itself  a  presumption  that  the  star  is  a 
near  one.  And  this  presumption  is  increased  by  the  unusually  great 
proper  motion  of  this  binary  system,  which  amounts  to  nearly  5" 
per  annum,  and  which  has  been  made  by  Sir  James  South  the  sub- 
ject of  particular  inquiry,  and  found  to  be  not  participated  in  by  se- 
veral small  surrounding  stars,  wMch,  therefore,  are  not  physically 
connected  with  it.  Moreover,  the  angular  rotation  of  the  two,  one 
about  the  other,  has  been  well  ascertained. 

Now,  it  fortunately  happens,  that  of  these  small  surrounding 
stars  there  are  two  very  advantageously  situated  for  micrometrictd 
comparison  with  either  of  the  individuals  of  the  binary  star,  or  with 
the  middle  point  between  them.  The  one  of  these  (a),  at  a  distance 
of  7'  42\  is  situated  nearly  at  right  angles  to  the  direction  of  the 
double  star ;  the  other  (b)  at  a  distance  of  1 1'  46'^,  nearly  tn  that 
direction.  Ck)nsidering  (a)  and  (b)  as  fixed  points  then,  and  mea- 
suring at  any  instant  of  time  their  distances  from  (r),  the  middle 
point  of  the  double  star,  the  situation  of  (c)  relative  to  (a)  and  (b) 
is  ascertained ;  and  if  this  be  done  at  every  instant,  the  relative 
locus  of  (c),  or  the  curve  described  by  it  on  the  plane  of  the  heaven 
with  respect  to  the  fixed  base-line  a  b,  will  become  known. 

Now,  on  the  hypothesis  of  parallax,  that  locus  ought  to  be  an 
ellipse  of  one  certain  calculable  eccentricity  and  no  other.  And  its 
major  and  minor  axes  ought  to  hold  witii  respect  to  the  points, 
a,  b,  certain  calculable  positions  and  no  other.  Hence  it  follows 
that  the  distances  a  c  and  b  c  will  each  of  them  be  subject  to  annual 
increase  and  diminution;  and  that,  1st,  in  a  given  and  calculable 
ratio  the  one  to  the  other ;  and  2dly,  so  that  the  maxima  and  mini- 
ma of  the  one  distance  (a  c)  shall  be  nearly  contemporaneous  with 
the  mean  values  of  the  other  distance  b  c,  and  vice  versd. 

Thus  we  have,  in  the  .first  place,  several  particulars  independent 
of  mere  numerical  magnitudes ;  and,  in  the  second  place,  several 
distinct  relations  d  priori  determined,  to  which  those  numerical 
values  must  conform,  if  it  be  true  that  any  observed  fluctuations  in 
these  distances  (a  b)  {a  c)  be  really  parallactic.  So  that  if  they  be 
found  in  such  conformity,  and  the  above-mentioned  maxima  and 
minima  do  observe  that  interchangeable  law  above-stated ;  and  if, 
moreover,  all  due  care  be  proved  to  have  been  taken  to  eliminate 
every  instrumental  source  of  annual  fluctuation ;  there  becomes  ac- 
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Qumulated  a  body  of  probability  in  favour  of  the  resaltiiig  paraDBx» 
vhich  cannot  bat  impress  every  reasonable  mind  with  a  strong  de« 
gree  of  belief  and  conviction. 

Now«  all  these  circumstances  have  been  found  by  M.  Bessel,  in 
his  discussion  of  the  measures  taken  by  him  (which  have  been  very 
carefuUy  and  rigorously  examined  by  Mr.  Main  in  the  paper  al- 
luded to,  as  have  also  M.  Bessel's  formulae  and  calculations,  for  in  snch 
matters  nothing  must  remain  unverified),  to  prevail  in  a  very  signal 
and  satisfectory  manner.  Not  one  case  of  discordance,  in  so  many 
independent  particulars,  has  been  found  to  subsist;  and  this,  of  itself, 
is  high  ground  of  probability.  But  we  may  go  much  further.  Mr. 
Main  has  projected  graphically  the  deviations  of  the  distances  (a  c) 
and  (b  c)  from  their  mean  quantities  (after  dealing  them  of  the  ef- 
fects c^  pn^r  motion  and  of  the  minute  differences  of  aberration, 
&c.).  Taking  the  time  for  an  abscissa,  and  laying  down  the  devia- 
tions in  the  dwtances  so  cleared  as  ordioates,  two  curves  are  obtained, 
the  one  for  the  star  (a),  the  other  for  the  star  (6).  Each  of  these 
curves  ought  alternately  to  lie  for  half  a  year  i^ve,  and  for  half  a 
year  below,  its  axis. — It  d^es  so.  Each  of  them  ought  to  intersect 
its  axis  at  those  dates  when  the  maTimnm  '  and  minimum  of  the 
other  above  and  below  the  axis  occurs.  With  only  a  slight  degiee 
of  hesitation  at  one  crossing— 4^  doe$  so.  The  points  of  intersectioa 
with  the  axis  ought  to  occur  at  dates  in  like  manner  cakulated 
d  priori ;  and  so  they  do  within  very  negligible  limits  of  error.  And, 
lastly,  the  general  forms,  magnitudes,  and  flexures  of  the  curves 
ought  to  be  identical  with  those  of  curves  similarly  projected,  by 
calculation  on  an  assumed  resulting  parallactic  coefficient.  This 
is  the  final  and  severe  test :  Mr.  Main  has  applied  it,  and  the  results 
have  been  placed  before  jaa^i—^ocMlis  siU^fecta  Jidelibus,  If  aD  thb 
does  not  carry  conviction  along  with  it,  it  seems  difficult  to  say  what 
ooght  to  do  so. 

The  only  thing  that  can  possibly  be  cavilled  at  is  the  shortness  of 
the  period  embiaoed  by  the  obscarvations ;  via.  firom  August  1887 
to  ^  end  of  March  1840.  But  this  intcarval  admits  of  five  inter- 
sections of  each  curve  with  its  axis ;  of  two  maxima  and  two  minima 
in  its  excursions  on  either  side ;  and  of  anqile  room  for  trying  its 
ilgreement  in  general  form  with  the  true  parallactic  curves.  Under 
such  drcumstances,  it  is  quite  out  of  the  question  to  declare  the 
whole  phsBnomenon  an  accident  or  an  illusion.  Someikuuj^  has  as- 
suredly been  discovered,  and  if  that  something  be  not  parallaT,  we 
are  altogeth^  at  fault,  and  know  not  what  other  cause  to  aeoribe 
it  to. 

The  instrument  with  which  Bessel  made  these  most  remarkable 
observations  is  a  heliometer  of  large  dimensions,  and  with  an  ex- 
quiaite  object-glass  by  Frsunhofer.  I  well  remember  to  have  seen 
this  objeQt-glass  at  Munich  before  it  was  cut,  and  to  have  been  not 
a  little  amaied  at  the  boldness  of  the  maker  who  would  devote  a 
g^iass,  which  at  that  time  would  have  been  considered  in  Eni^and 
almost  invaluable,  to  so  hazardous  an  operation.  little  did  I  then 
imagine  the  noUe  purpose  it  was  destined  te  acoopqJish.    By  the 


Digitized 


by  Google 


fiiiif(d  Asktmsmical  Socieif.  SS*I 

nature  and  constniction  of  this  instrument,  especially  when  driven 
hj  dook-work,  almost  every  conceivable  error  which  can  affect  a 
micrometrical  measure  is  destroyed,  when  properly  used ;  and  the 
precautions  taken  by  M.  Bessel  in  its  use  have  been  such  as  might 
be  expected  from  his  consummate  skill.  The  only  possible  appa* 
rent  opening  for  an  annually  fluctuating  ^rror  seems  to  be  in  the 
ccMcrection  for  temperature  of  its  scale.  But  this  correction  has  been 
ascertained  by  M.  Bessel  by  durect  observation,  in  hot  and  cold 
seasons,  and  applied.  Nor  could  this  cause  destroy  the  evidenoe 
arising  from  the  simultaneous  observation  of  the  two  companion 
stars,  since  a  wrong  correction  for  temperature  would  affect  both 
their  distances  prc^portionaUy,  leaving  the  apparent  parallactio 
movement  still  unaccounted  fcnr. 

The  resulting  parallax  is  an  extremely  minute  quantity,  only 
thirty-(me  hun^dths  of  a  second;  which  would  ^Hsie  the  star  in 
question  at  a  distance  from  us  of  nearly  670,000  times  that  of  the 
aun  !*  Such  is  the  universe  in  which  we  exist,  and,  which  we  have 
at  length  found  the  means  to  subject  to  measurement,  at  least  in 
one  of  its  members,  probably  nearer  to  us  than  the  rest. 

It  becomes  necessary  for  me  now  to  refer  to  two  series  of  re- 
searches on  this  important  subject,  which  have  been  held  by  your 
Council  to  merit  very  high  and  honourable  mention ;  though  neither 
of  them,  separately,  for  reasons  which  I  shall  state,  would  have  been 
oonsidered  as  carrying  that  weight  of  probability  in  favour  of  its  con<- 
okuuons,  which  would  justify  any  immediate  decision  of  the  nature 
which  they  have  come  to  in  the  case  of  M.  Bessel's.  I  allude  to  M. 
Struve's  inquiries,  by  the  method  of  micrometric  measures,  into  the 
parallax  of  a  Lyrss ;  and  to  Mr.  Henderson's,  by  that  of  meridian 
observations,  on  the  parallax  of  a  Centauri. 

a  Ljm  is  accompanied  by  a  very  minute  star,  at  the  distance  of 
about  43".  That  this  star  is  unconnected  with  a,  by  any  i^ysical 
relation,  is  dear  frcmi  the  fact  ascertained  by  Sir  James  South  and 
myself,  that  it  does  not  participate  in  the  proper  motion  of  the  large 
star.  The  mutual  angular  distance  of  these  stars  has  been  made 
by  M.  Struve  the  subject  of  a  very  extensive  series  of  micrometric 
measures  with  the  celebrated  Dorpat  aohromatio,  bearing  this  ob* 
ject  steadily  in  view,  and  working  it  out  to  a  conclusion  of  the  very 
same  kind,  and,  though  materiidly  inferior  in  the  degree  and  na- 
ture of  its  evidence  to  that  of  Bessel,  yet  certainly  entitled  to  high 
Gcmsideration.  M.  Struve's  observations  on  this  star,  and  for  this 
purpose,  extoid  from  Nov.  1835  to  Aug.  1838,  and  are  distributed 
over  sixty  nights,  averaging  twenty  per  annum ;  and  from  their 
combination,  according  to  the  imnciple  of  probabilities,  he  con- 
ehides  a  parallax  of  0'^'261.  Mr.  Main  has  subjected  these  obser-» 
vations  to  an  analysis  and  graphical  projection,  precisely  similar  in 
princqde  to  those  I  have  explained  in  the  case  of  61  Cygni.  The 
curves  so  projected  have  been  subjected  to  your  inspection,  and 

*  The  orbit  described  bv  the  two  stars  of  61  Cygat  sbout  each  other 
will,  therefore,  be  about  60  tlmei  the  diameter  of  tlie  earth's  about  the  imi| 
or  2i  times  that  of  Uranus* 
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that  inspection  certainly  does  leare  a  very  strong  impression  of  a 
real  and  tolerably  well-ascertained  parallax  having  been  detected  in 
this  star.  But  at  the  same  time  an  impression  no  less  decided^ 
owing  to  irregularities  in  the  march  of  the  curve,  when  compared 
with  the  true  parallactic  curve,  is  created, — ^that  the  errors  of  obser- 
vation are  far  from  being  eliminated, — that,  on  the  contrary,  they 
bear  such  a  proportion  to  the  parallax  itself  as  to  leave  room  for 
some  degree  of  hesitation,  and  to  justify  an  appeal  to  a  longer  series 
of  observations,  and  to  concurrent  evidence  from  other  quarters, 
before  declaring  any  positive  opinion.  The  evidence  of  this  kind, 
in  short,  is  not  equal  to  that  afforded  by  the  similar  projection  of 
Bessel's  observations  of  either  of  his  two  comparison  stars.  And 
to  this  it  must  be  added,  that  only  one  star  of  comparison  existing 
in  the  line  of  a  Lyre,  the  possible  efiect  of  temperature  and  anmtai 
instrumental  variation  is  not  eliminated  from  the  result  in  the  way 
in  which  it  is  from  the  measures  of  61  Gygni ;  while  all  that  great 
mutual  support  which  the  observations  of  parallaxes  of  the  two  com- 
parison stars  afiFord  each  other  in  the  latter  case,  is  altogether  wanting 
in  the  former.  These  considerations,  without  any  nnder-esttmation 
of  the  great  importance  and  value  of  M.  Struve's  researches,  yet 
formed  essential  drawbacks  on  the  immediate  admission  of  his  re- 
sults. 

In  a  word,  I  conceive  the  question  of  discovery  as  between  these 
illustrious,  but  most  generous  and  amicable  rivals,  may  be  thus 
f&irly  stated.  M.  Struve's  meridian  observations  in  1819-1821 
seem  to  have  made  the  first  impression  on  the  general  problem,  but 
too  slight  to  authorize  more  than  a  hope  that  it  would  yield  at  no 
distant  day.  His  micrometric  measures  of  a  Lyrse  commenced  more 
than  a  year  earlier,  and  have  extended  altogether  over  a  longer  pe- 
riod than  M.  Bessel's  of  61Cygni .  From  their  commencement  they 
afford  indications  of  parallax,  and  these  indications  accumulating 
with  time  have  amounted  to  a  high  degree  of  probability,  and  ren- 
dered the  supposition  of  parallax  more  admissible  than  that  of  in- 
strumental or  casual  errors  producing  the  same  influence  on  the 
measures.  On  the  other  hand,  M.  Bessel's  measures  commencing 
a  year  later,  and  continued  on  the  whole  through  somewhat  less 
time,  have  exhibited  a  compact  and  consistent  body  of  evidence 
drawn  from  two  distinct  systems  of  measures  mutually  supporting 
each  other,  and  so  steadily  bearing  on  their  object  as  to  leave  no 
more  reasonable  doubt  of  its  truth  than  in  the  case  of  many  things 
which  we  look  upon  as,  humanly  speaking,  certain.  And  this  con- 
viction once  obtained,  reacts  on  our  belief  in  the  other  results,  and 
induces  us  to  receive  and  admit  it  on  the  evidence  adduced  for  it ; 
which,  without  such  conviction  so  obtained,  we  might  hesitate  to 
do  until  after  longer  corroboration  of  the  same  kind. 

The  other  series  of  observations  to  which  I  must  now  call  your 
attention  are  those  of  Mr.  Henderson,  made  at  the  Cape  of  Good 
Hope,  on  the  great  star  a  Centauri,  the  third  star  in  brightness  which 
the  heavens  offer  to  onr  view*.    It  is  a  magnificent  double-star  con* 

[*  See  Phil.  Mag^  S.  3.,  vol.  xiy.  p.  316.— En.] 


Digitized  by 


Google 


JBoya/  AHrommieal  Sodeii^^  568 

sisting  of  two  IndiTiduala,  the  one  of  a  high  and  somewhat  hrownUh 
onuige,  the  other  of  a  fine  yellow,  oolour,  and  each  of  which  I  con-  , 
aider  fiiirly  entitled  to  he  classed  in  the  first  magnitude*.  Their 
distance  is  at  present  ahout  15''  asunder,  but  it  is  rapidly  diminish* 
ing,  and  in  no  great  lapse  of  time  they  will  probably  occult  one 
another,  their  angular  motion  being  comparatively  small.  Their 
apparent  distance  was  formerly  much  greater :  how  much  we  can- 
not say  for  want  of  observations^  but  probably  the  major  axis  of 
their  mutual  orbit  is  little  short  of  a  minute  of  space.  They»  there- 
fore, afford  strong  indications  of  being  very  near  our  system.  Add 
to  which  their  proper  motion  is  very  considerable,  and  participated 
in  by  both,  which  proves  their  connexion  as  a  binary  system ;  and 
an  additional  presumption  in  favour  of  their  proximity  may  be  drawn 
from  their  situation  in  what,  from  general  aspect,  I  gather  to  be 
the  nearest  region  of  the  milky  way,  among  an  immensity  of  large 
stars. 

Mr.  Henderson  observed  these  stars  with  great  care  both  in  right 
ascension  and  declination  with  the  very  fine  transit,  and  (in  spite  of 
certain  grievous  defects  in  the  axis)  the  otherwise  really  good  and 
finely  divided  mural  circle  of  the  Royal  Observatory  in  that  colony. 
Since  his  return  to  England,  he  has  reduced  these  observations  with 
a  view  to  parallax,  and  the  result  is  the  apparent  existence  of  that 
elemfint  to  what,  after  what  has  been  said,  we  must  now  call  the 
great  and  conspicuous  amount  of  a  full  second.  Mr.iVIain,  to  whom 
I  am  so  largely  indebted  for  allowing  me  to  draw  so  freely  on  hb 
labours,  has  also  discussed  these  results,  and  comes  to  the  conclur 
sion  that  (as  might,  perhaps,  be  expected)  the  right-ascension  ob- 
servations afford  a  trace,  but  an  equivocal  one,  of  parallax,  but 
that  in  declination  (I  use  his  words)  "  The  law  of  parallax  is  fol- 
lowed remarkably  well.  There  is  scarcely  an  exception  to  the 
proper  change  of  sign,  according  to  the  change  of  sign  of  the  co- 
efficients of  parallax.  This  is  quite  as  much  as  can  reasonably  be 
expected  in  a  series  of  individual  results  obtained  from  any  meri- 
dional instrument  for  observing  zenith  distances.  We  cannot  ex- 
pect to  find  the  periodical  function  regularly  exhibited  by  the  dif- 
ferences. On  the  whole,  therefore,  we  should  say  tliat,  in  addition 
to  the  claims  of  a  Centauri  on  our  attention  with  relation  to  its  paral- 
lax, arising  from  its  forming  a  binary  system,  its  great  proper  mo- 
tion, and  its  brightness, — ^it  derives  now  much  additional  import- 
ance, in  this  point  of  view,  from  the  investigation  of  Mr.  Hender- 
son. This  we  are  at  least  entitled  to  assume  until  some  distinct 
reason,  independent  of  parallax,  shall  have  been  assigned  for  the 
changes  in  the  declinations.  Such  I  do  not  consider  impossible, 
having  before  my  eyes  the  results  which  Dr.  Brinkley  derived,  in 
the  cases  of  certain  stars,  from  the  Dublin  circle.  For  the  present 
it  most  be  considered  tliat  the  star  well  deserves  a  rigorous  ex- 
amination by  all  the  methods  which  the  author  himself  has  so  well 

*  I  have  seen  both  their  images  projected  on  a  screen  of  three  thick- 
nesses of  stout  paper,  the  eye  being  on  the  opposite  side  of  the  screen  from 
that  on  which  the  images  were  depicted. 

Phil.  Mag.  S.  S.  Vol.  19.  No.  127.  Suppl.  Jan.  1842.     2  P 
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pohited  out ;  and  that,  ia  the  erent  of  a  parallax  at  all  ootnpaimUe 
Mith  that  assigned  by  Mr.  Henderson  being  found,  he  will  deserve 
the  merit  of  its  first  discovery,  and  the  warmest  thanks  of  astrono- 
mers, as  an  extender  of  the  knowledge  which  we  possess  ci  our 
connexion  with  the  sidereal  system." 

With  this  view  of  Mr.  Henderson's  labours  I  fully  agree,  and 
await  with  highly  excited  interest  the  result  of  Mr.  Maeleat^a 
larger  and  complete  series  of  observations  on  this  star  both  with  the 
old  circle  and  with  that  more  perfect  one  with  which  the  munifi- 
cence of  government  has  recently  supplied  the  observatory.  Shonld 
a  different  eye  and  a  different  circle  continue  to  give  the  same  re- 
sult, we  must,  of  course,  acquiesce  in  the  conclusion ;  and  the  di- 
stinct and  entire  merit  of  the  first  discovery  of  the  parallax  of  m 
fixed  star  will  rest  indisputably  with  Mr.  Henderson.  At  present* 
however,  we  should  not  be  justified  in  so  fur  anticipating  a  deeuicm 
which  time  alone  can  stamp  with  the  seal  of  absolute  authenticity* 

GenUemen  of  the  Astronomical  Society,  I  congratulate  you  and 
myself  that  we  have  lived  to  see  the  great  and  hitiierto  impaasidile 
barrier  to  our  excursions  into  the  sidereal  universe;  that  barrier 
against  which  we  have  chafed  so  long  and  so  vainly—- («tfiuifi/»  <m- 
gwto  Imite  nmndi) — almost  simultaneously^  overleaped  at  three  dif- 
ferent points.  It  is  the  greatest  and  most  glorious  triumph  which 
practical  astronomy  has  ever  witnessed.  Perhaps  I  ought  not  to 
speak  so  strongly — perhaps  I  should  hold  some  reserve  in  fitvour  of 
the  bare  possibiHty  that  it  may  be  all  an  illusion — and  that  furdier 
researches,  as  they  have  repeatedly  before,  so  may  now  fail  to  sub- 
stantiate this  noble  result.  But  I  confess  myself  unequal  to  such 
prudence  under  such  excitement.  Let  us  rather  accept  the  joyful 
omens  of  the  time,  and  trust  that,  as  the  barrier  has  begun  to  3ridd, 
it  wUl  speedily  be  effectually  prostrated.  Such  results  are  among 
the  fairest  flowers  of  civilization.  They  justify  the  vast  expenditure 
of  time  and  talent  which  have  led  up  to  them ;  they  justify  die 
language  which  men  of  science  hold,  or  ought  to  hold,  when  they 
appeal  to  the  governments  of  their  respective  countries  for  the  liberd 
devotion  of  the  national  means  in  furtherance  of  the  great  <d:jects 
they  propose  to  accomplish.  They  enable  them  not  only  to  bold 
out  but  to  redeem  their  promises,  when  they  profess  themadvei 
productive  labourers  in  a  lugher  and  richer  field  than  that  of  mere 
material  and  physical  advantages.  It  is  then  when  tliey  beconie 
(if  I  may  venture  on  such  a  figure  without  iireverence)  the  meaKn- 
gers  from  heaven  to  earth  of  such  stupendous  announcements  as 
must  strike  every  one  who  hears  them  with  almost  awful  adndra* 
tion,  that  they  may  claim  to  be  listened  to  when  tiiey  repeat  in 
every  variety  of  urgent  instance,  that  these  are  not  the  last  of  audi 
announcements  which  they  shall  have  to  communicate, — ^tfaat  tiiete 
are  yet  behind,  to  search  out  and  to  declare,  not  only  secrets  of  natnie 
which  shall  increase  the  wealth  or  power  of  man,  but  Tatms  wldcb 
shall  ennoble  the  age  and  the  country  in  which  they  are  divulged, 
and  by  dilating  the  intellect,  react  on  the  moral  character  of  man- 
kind.   Such  truths  are  things  quite  as  worthy  ci  struggles  and  se« 
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crifices  fts  many  of  the  objects  for  whidi  nations  contend,  and  ex- 
haust their  physical  and  moral  energies  and  resources.  They  are 
gems  of  real  and  durable  glory  in  the  diadems  of  princes,  and  con- 
qoests  which,  while  they  leare  no  tears  behind  them,  continue  for 
ever  unalienable. 

It  must  be  needless  for  me  to  express  a  hagt  that  these  re- 
seaxTshes  will  be  followed  up.  Already  we  hare  to  congratulate 
astronomy  on  the  resolution  taken  by  one  of  our  great  academic  in- 
stitutions to  furnish  its  observatory  with  an  heliometw  of  the  same 
description  as  BesseFs ;  nor  can  we  fear  but  that  the  research  will 
qpeedily  be  extended  to  other,  stars,  offering  varieties  of  magnitude 
and  other  indications  to  draw'attentlon  to  them. 

On  the  whole,  then,  the  award  of  oar  medals  which  the  Council 
have  agreed  on,  seems  to  me,  under  the  droumstanees,  fully  justi- 
fied. I  will  now  request  the  Foreign  Secretary  to  convey  it  to  our 
distingui^ed  Associate }  and  in  so  doings  I  will  add  our  hope  that, 
ia  the  painful  .and  distressing  visitaliott  with  which  it  has  pleased 
Providenoe  recently  to  try  him,  he  may  find  occasion  to  withdraw 
Ills  mind  awhile  ftom  that  melancholy  contemplation  to  receive 
with  satisfaction  such  a  tribute  to  this  his  kst  and  perhaps  his 
greatest  achievement;  accompanied  as  it  is  by  die  truest  regard  for 
his  private  worth  and  the  most  respectful  sympathy  for  his  present 
dutvess. 

The  Meeting  then  proceeded  to  the  Election  of  the  Council  for  the  Year 
1841,  when  the  following  Fellows  were  elected^  viz, 

Prnident :  the  Hon.  John  Wrottesley,  M.A.—  Vi€9-Preside9U$ : 
Cfteocge  Bidden  Airy,  Esq.,  M.A.,  F,R.S.,  Astronomer  Rogtd ;  Sir 
John  F.  W.  Herschel,  Bart.,  K.H.,  M.A.,  F.R.S. ;  John  Lee,  Esq., 
LL.D.,  F.R.S.;  Rev.  Richard  Sheepshanks,  M.A.,  F.R^.-^TVea- 
siuror :  Ckorge  Bishop^  Esq. — Secretaries  i  Rev.  Robert  MaiUi  M.A. ; 
Ldeut.  Henry  Raper,  R.N. — Foreion  Secretary  :  Richard  W.  Rotii- 
aum;£sq.,  M.A.— CoanaV :  Fnmcis  Baily,  Esq.,  F.R.S. ;  Rev.  W. 
Butter  Dawes ;  Augustus  De  Morgan^  Esq. ;  Gkorge  Dollond,  Esq;, 
F.R.S. ;  Bryan  Donkin,  Eaq.,  F.R.S. ;  Rev.  George  Fisher,  M.A., 
F«R.S. ;  Thomas  Galloway,  Esq.,  M.A.,  F.R.S. ;  Edward  Riddle, 
Esq. ;  Captain  W.  H.  Shirreff,  R.N. ;  lieut.  William  S.  Stratfoid, 
Rr-N.,  F.R.S. 

March  12.-*^The  fcdlowing  oommn]iicatk)ns  were  read : — 

On  a  Refbrmation  of  the  Constellations,  and  a  Revision  of  the 
Notneneiatufe  of  the  Stars.  By  Dr.  Gibers.  Tnoislated  and  eom- 
ainnioated  by  Sir  J.  F.  W.  Henohel,  Bart. 

From  the  earhesl  periods  of  history,  it  htt  been  found  that  as 
soon  as  mankind  turned  their  attention  to  astronomy,  it  became  re- 
qinsite  to  group  tiie  stars  into  difierent  constellations,  whose  out- 
tines  might  seem  to  designate  variotn  figures.  Hence  arose  those 
several  constellations  that  have  been  handed  down  to  us  from  the 
Indians,  Chinese,  Egyptians,  Persians,  Arabians,  Peruvians,  and 
others ;  as  well  as  tiiose  which  the  Greeks  adopted,  and  which 
baive  survived  to  our  own  times.    However  cwrious  and  interesting 
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these  constellations  may  seem*  yet  few  of  tiiem  will  be  Ibimd  to 
express  with  any  accnracy  the  figures  which  they  are  intended  to 
represent.  It  is  probaUe  that  out  of  the  strange  ndxtore  of  iDen, 
animals,  and  other  objects,  which  the  fint  astronomers  inveated, 
the  imaginative  Greeks  made  the  present  combination  or  selection. 
That  the  Greeks  derived  these  constellations  from  an  Asiatic  people, 
and  that  they  did  not  (as  Newton  supposed)  invent  them  shcwtly 
after  the  Argonautic  expedition,  is  evident  from  their  not  bein^ 
able,  for  some  time  at  least,  to  explain  the  constellations  acooidin^ 
to  their  myth<^ogy.  I  need  only  mention  the  Greek  consteliatkm 
£y  yoratriy,  or  kneeling  figure,  which  we  now  call  Hercules,  and  tiie 
Opvis,  or  bird,  which  we  now  designate  as  the  Swan ;  neither  of 
which  are  explained  in  then:  mythology.  Combined  with  this  my- 
thology the  constellations  were  sung  by  the  Greek  and  Roman  poeta» 
and  are  now  become  classical.  In  llie  present  advanced  state  of 
astronomy,  however,  we  do  not  arrange  the  stars  wholly  acoardin^  to 
the  constellations,  but  according  to  ti^eir  right  ascensions;  yet  these 
constellations  are  a  valuable  assistance  towuds  an  artificial  memory, 
and  afibrd  us  an  excellent  method  whereby  we  are  enabled  to  know 
and  distinguish  the  various  stars  in  the  heavens,  and  to  remember 
and  record  their  places.  The  ancient  Greeks  reckoned  cmly  forty* 
six  constellations,  or,  at  most,  forty-seven,  if  we  include  the  XifXac* 
or  claws,  of  the  Scorpion  as  a  separate  constdlation,  which  had  been 
denoted  as  Libra  before  the  existence  of  the  Alexandrian  school ; 
to  which  Hipparchus  added  the  forty-eighth,  namely,  Bqunleoa. 
The  flattery  of  some  courtiers  was  exerted  to  create  two  other  con- 
stellations, viz.  the  Hair  of  Berenice  and  Antinous,  but  withont 
success ;  till  Tycho  at  last  gave  them  a  permanent  place  in  Hie 
heavens. 

In  the  fifteenth  century,  when  navigaticm  was  extended  beyond 
the  equator,  and  sailors  noted  those  stars  in  the  southern  hemi- 
sphere which  were  not  visible  to  the  ancients,  diey  also  Ibniid  it 
convenient  and  useful  to  adopt  the  same  plan  of  grouping  tiie  new 
stars  into  constellations.  They  did  not»  however,  adapt  them  to 
the  Greek  mythology,  but  selected  principally  sudi  objeots  as  pre- 
sented themselves  in  the  newly-discovered  countries :  whence  we 
have,  for  the  souUiem  constellations,  the  Phcenix,  the  Toucan»  Hie 
Little  Water-snake,  the  Sword-fish,  the  Fl3ring-fish,  the  Fly»  the 
Chameleon,  the  Binl  of  Paradise,  the  Peaoodc,  the  Indian,  and  Hie 
Crane.  The  ancients  took  only  those  parts  of  the  heavens,  as  the 
ground-work  of  the  constellations,  where  the  bri^t  stars  existed : 
consequently,  there  were  many  places  where  thrae  were  no  con- 
stellations, and  the  stars  which  were  scattered  over  such  sitnations 
were  called  afiopfuroh  or  mformet.  There  was  no  ineonvenience 
in  this :  but  some  of  these  empty  spaces  were  very  great,  and  ex- 
hibited here  and  there  stars  that  seemed  to  be  as  much  entitled  to 
be  formed  into  a  constellation  as  several  of  ^e  existing  ones. 
Therefore  modem  astronomers,  as  Bartschius  relates,  (and,  periiaps, 
he  himself,  partly)  invented  and  formed  the  new  constellations 
called  the  Camdopard*  the  Unicom,  the  Fly,  and  the  iivtts  Jetdan, 
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Eaphrates,  and  Tigris.  The  heavens  vould  now  appear  to  be 
sufficiently  covered,  and  it  seemed  that  all  the  advantages  which 
the  constellations  could  give  to  the  memory  and  imagination,  in 
learning  astronomy*  had  been  obtained.  But  when  Hevelius,  in 
tiie  latter  part  of  ^e  seventeenth  century,  had  finished,  with  incre* 
diUe  labour  and  care,  his  valuable  catalogue  of  stars,  he  considered 
that  those  persona  who  were  not  observers  themselves  had  no 
right  to  institute  new  constellations :  and  although,  with  much 
rductanee,  he  retained  the  Camelopard»  the  Unicom,  and  the  Fly 
of  Bartschius,  yet  he  rejected  the  rivers ;  and  instead  of  them,  and 
in  8<Hne  other  vacant  spots,  introduced  the  Hounds,  the  mountain 
Menalus,  Cerberus,  the  Fox  and  GkMse,  the  Lizard,  the  Shield  of 
Sobieski,  the  Lynx,  the  Little  Lion,  the  Little  Triangle,  and  the 
Sextant,  and  also  gave  to  Antinous  a  bow  and  arrow.  Unnecessary 
as  this  increase  of  the  constellations  may  be,  the  indefatigable 
Hevelius  may  be  allowed  to  retain  it,  as  the  best  means  of  preser* 
ving  a  remembrance  of  his  great  work.  For  his  enumeration  and 
(dassification  of  the  fixed  stars,  for  -which  b^  had  sacrificed  the 
greatest  part  of  his  life,  his  strength,  and  his  fortunc^'and  by  which 
he  hoped  to  have  gained  immortal  fame  as  an  astronomer,  was  soon 
after  doomed  to  yield  to  the  better  and  more  complete  British  cata- 
logue of  Flamsteed,  and  has  now  become  nearly  useless.  Astrono- 
mers now  no  longer  use  it :  nor,  indeed,  can  Uiey  use  it,  except  in 
a  £ew  cases,  and  in  some  researches  of  little  importance.  Heve- 
lius's  constellations  may  be  said  to  be  ansdogous  to  the  ancient 
(»es ;  some  of  them  may  be  considered  as  mythological :  and  as  to 
the  rest,  they,  for  the  most  part,  represent  animals.  Therefore  it 
may  be  stated,  if  not  in  recommendation,  at  least  in  defence  of  them, 
that  if  they  overwhelm  our  maps  of  stars  they  do  not  disfigure  them. 
We  have  got  on  our  maps  only  two  of  the  constellations  that  were 
introduced  in  the  seventeenth  century,  namely,  Charles's  Oak  and  the 
Brandenburgh  Sceptre ;  for  the  Heart  of  Charles  is  merely  the  name 
of  a  star,  and  no  constellation.  Halley  had  formed  Charles's  Oak 
out  of  the  stars  that  belonged  to  Argo  ;  and,  notwithstanding  the 
protest  of  Lacaille  against  &is  usurpation,  this  constellation  still 
remains.  Kirch  was  desirous  of  introducing  the  Swords,  the  Orb, 
and  the  Sceptre  of  Brandenburgh.  The  electoral  Swords  were  co- 
vered by  the  mountain  Menalus ;  and  the  Orb  yields  its  place  to  the 
Bow  and  Arrow  which  Antinous  had  received  from  Hevelius ;  and 
although  the  new  globes  very  often  disarmed  Antinous,  yet  he  has 
not  yet  taken  the  Orb  in  his  hand.  Moreover  the  Sceptre  of  Bran- 
denburg, although  it  did  not  interfere  with  any  other  constellation, 
yet  would  not  have  had  a  place  on  our  globes,  lif  Bode  had  not  been 
tiie  astnmomer^royal  of  Prussia.  The  Cock,  which  was  formed  from 
a  portion  of  the  ship  Argo,  has  likewise  disappeared ;  the  Sceptre  of 
Louis  XIV.  with  which  Royer  wished  to  honour  his  sovereign,  yielded 
its  place  to  the  Lizard  of  Hevelius ;  the  French  Lily  could  not  push 
away  the  Fly ;  and  so  on  with  many  others ;  for  example,  the  Little 
Crab,  the  South  Arrow,  &c.  are  quite  forgotten,  and  not  even 
known  at  the  present  day.    One  would  now  suppose  that  nearly 
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eighty  constellations  were  quite  enough  for  all  useful  purposes  :  but 
the  vanity  of  introducing  new  constellations  had,  in  die  eighteenth 
century,  exceeded  all  bounds,  and  twenty-six  more  were  added  to 
the  number.  This  extravagant  number  of  new  constellations,  some 
of  which  Wf  re  formed  of  scarcely  visible  stars,  by  no  means  made 
the  study  of  astronomy  more  easy ;  but,  on  the  contrary,  confused 
it,  and  rendered  it  more  difficult.  Moreover  these  new  constella- 
tions are  so  unsuited  to  the  others,  and  chosen  witii  so  little  taste* 
that  no  que  can  look  on  our  modem  globes  without  disgust.  The  first 
who  introduced  this  objectionable  system  was  the  excellent  and  di- 
stinguished Iiacaille.  Surely  if  it  were  requisite  that  the  whole  hea- 
vens should  be  filled  with  constellations,  they  might  have  been  chosen 
according  to  some  general  principle.  We  might  have  embellished 
the  apparatus  and  inventions  of  our  chemists,  if  indeed  they  could 
be  embellished  by  them ;  and  as  the  ancient  figures  of  heroes  and 
animals  must  be  retained,  some  latitude  might  be  allowed  also  to 
astronomical  instruments.  But  figures,  like  the  shop  of  the  sculptor, 
the  chemical  furnace,  the  easel,  the  microscope,  the  air-pump,  &c., 
have  no  relation  to  the  sky,  and  their  being  mixed  up  with  the 
others  is  heterogeneous,  disagreeable,  and  vnUiout  any  taste.  The 
same  remark  wUl  apply  to  the  Printing-press  and  Electrical  machine 
of  Bode ;  also  to  Lalande's  Air-balloon,  although  this  latter  constel- 
lation may  seem  to  have  some  connexion  with  the  heavens.  The 
Hermit-bird  (Solitarim)  of  Le  Monnier  might  remain,  if  it  did  not 
interfere  with  Libra ;  but  his  Reindeer  is  quite  absurd,  on  acoount 
of  its  smallness,  it  being  scarcely  so  large  as  the  Lizard,  and  nnidi 
smaller  than  the  Hare.  Also  Lalande's  Messier,  which  is  covered  by 
the  boms  of  the  Reindeer,  is  but  a  very  small  figure  in  comparison 
with  the  immense  human  figures  of  the  ancients  that  surround  him, 
although  it  has  robbed  the  greater  part  of  its  litde  possession  from 
Gepheus  and  Cassiopeia,  and  has  contracted  the  throne  of  the  latter 
into  a  bent  form  ;  the  little  man  is  in  feet  quite  ridiculous  amongst 
such  enormous  figures.  The  immortal  name  of  Frederick  the  Great 
needed  not  the  aid  of  a  constellation  for  its  preservation ;  a  constella- 
tion, in  fact,  carved  out  of  Andromeda,  and  styled  Honara  IW- 
derici.  And  if  it  be  an  honour  to  this  great  monarch  to  have  bis 
name  enrolled  amongst  the  stars,  we  must  bear  in  mind  that  he  en- 
joys this  apotheosis,  not  only  with  the  biave  Sobieski,  but  also  witii 
Poniatowski  and  Uie  insignificant  Charles  H.  of  Great  Britain. 
The  name  of  George  HI.  will  also  be  handed  down  to  posterity 
without  the.Geoi^'s  Harp  of  Pater  Hell :  and  the  discovery  of  Uianna 
will  preserve  the  name  of  Herschel  as  long  as  astronomy  exists, 
without  the  necessity  of  placing  his  telescope  in  a  narrow  slip  in 
the  heavens.  By  the  Lion  and  the  Lynx  the  feline,  tribe  had  been 
suffi^ently  represented  in  the  sky,  without  any  necessity  of  intio- 
ducixig  a  Cat  amongst  the  stars,  merely  because  Lalande  was  food 
of  this  domestic  animal.  I  appeal  to  the  jndgemoit  oi  all  those 
who  have  compared  any  of  the  dd  celestial  mtpB  witii  the  more 
modem  ones,  whether  they  do  not  feel  a  repugnance  to  die  absurd 
SBixigg  of  so  many  heterogeneous  constellations*   Andsinoelif  sach 
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an  immoderate  number  of  them  the  knowledge  of  the  stars  is  ren- 
dered more  difficult,  and  the  taste  vitiated,  I  would  entreat  astrono- 
mers to  assist  in  freeing  the  heavens  from  such  an  useless  accumu- 
lation, and  to  remove  all  the  constellations  that  have  been  intro- 
duced since  the  time  of  Hevelius  and  Flamsteed,  If  it  should  be 
found  desirable  to  take  away  some  of  Hevelius's  constellations,  and 
even  to  retain  some  of  those  which  have  been  introduced  in  the 
eighteenth  century,  there  should  be  no  partiality  shown,  so  as  to 
endanger  the  wished-for  uniformity  in  our  maps ;  therefore,  it  might 
appear  quite  unnecessary  for  me  to  fix  a  precise  point  where  the 
Ime  was  to  be  drawn.  It  would  be  advisable  also  that  the  constel- 
lations should  be  delineated  in  such  an  uniform  manner  in  all  maps 
that  there  should  be  the  same  stars  in  the  same  parts  of  the  figures. 
It  is  true  that  we  do  not,  after  the  manner  of  the  ancients,  and  of 
Hevelius,  denote  different  stars  merely  by  their  place,  but  more  di- 
stinctly by  letters  or  numbers;  yet  it  is  very  useful  if  we  could  at 
Mice  denote  the  place  which  a  new  phsenomenon  (for  example,  a 
comet)  has  taken,  and  also  the  direction  of  its  motion,  by  the  por- 
tiiHis  of  those  constellations  in  which  it  was  observed.  We  might, 
in  this  regard,  take  the  figures  in  flamsteed's  great  atlas  as  our 
types ;  and  with  the  more  propriety,  since  Flamsteed  has  constructed 
tfaem  according  to  the  ancient  figures  and  the  descriptions  given  by 
Ptolemy ;  with  this  exception,  that  some  of  his  figures  ace  ugly  and 
badly  drawn.  This  is  a  point,  however,  that  might  easUy  be  re- 
medied, by  following  the  beautiful  and  pleasing  forms  of  Senex, 
Vaogondy,  Pater  Chrysologue,  and  others.  But  when  once  the 
proposed  forms  have  been  adopted  there  should  be  no  further  un- 
certainty or  deviation  *, 

Continuation  of  the  Investigation  for  the  correction  of  the  Ble- 
awnts  of  the  Orbit  of  Venus,    fiy  Mr.  Glashier. 

In  this  paper  the  author  has  combined  the  equations  formed  for 
the  correction  of  the  elements  from  the  Ghreeawich  observations  ibr 
the  year  1839,  iHth  those  given  in  his  preceding  paper,  a  notice  of 
wludi  is  contained  in  the  eighth  Number  of  vol.  v.  of  the  Monthly 
Notices  [or  PhU.  Mag.,  Third  Series,  vol.  xviii.  p.  601.]. 

Venus  was  near  her  inferior  conjunction  in  the  autumn  of  the 
year  1839,  and  the  observed  errors  were  consequently  very  well  suited 
for  the  correction  of  the  elements.  The  results  deduced  now  de- 
pend on  eighty-two  equations,  which,  the  author  remarks,  are 
formed  from  the  comhiiution  of  as  great  a  number  of  observations 
as  have  ever  been  spplied  in  determining  the  elements  of  any 
planet. 

The  formation  of  the  equations  is  arrived  at  in  predsely  the 
nme  manner  as  in  the  preceding  paper,  and  the  resulting  correc- 
tions to  the  elements  are  as  follows  : — 

Correction  of  the  Semi  Axis  Major. ...    ss  —  000000776 
Eccentricity. =  +  000002303 

[•  On  the  nibject  of  this  memoir^  lee  an  abstract  of  a  paper  by  Sir  John 
Henche^  in  the  Proceedings  of  the  Society  to  Jon^  supra,  p.  58IS.— En.] 
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CoiTection  of  the  Epoch  of  Mean  Long.  =  +      2"*  13 

Aphelion =  +  225 

iDclination =s  +      3  *23 

Long,  of  the  Node  . .  ■=  —    21  -40. 

And  Liadenau's  elements  corrected,  for  the  epoch  Jan.  1,  1836, 
are — 

Epoch  of  Mean  Long.  =  11»   2^    1' SS^^S 

ApheHon..     =10     9   15     3 

Node  ....     =    2  15    12     3  "60 

Eccentricity   =    0-00684568 

Inclination     =:  3°23' 34''-33. 

April  7. — ^The  following  communications  were  read  : — 
Occultations  of  Stars  by  the  Moon,   observed  at  Ashurst  and 

Dulwich,  in  the  year  1840.     By  Robert  Snow,  Esq. 

Observations  on  the  Variability  of  the  Star  a  Caseiopein  during 
the  years  1839  and  1840.     By  Robert  Snow,  Esq. 

Description  of  the  Observatory  erected  at  Starfield,  by  W.  Las- 
sell,  Esq. 

The  author  states  that  this  observatory  was  erected  in  the  sum- 
mer of  the  year  1839  at  Starfield,  near  Liverpool,  in  latitude  53^ 
25'  7"  north,  and  longitude  0*»  11™  41»  west  of  Greenwich.  The 
account  of  the  building  and  instruments  is  accompanied  by  drawings 
and  a  model,  giving  a  very  distinct  idea  of  the  ground-plan  and  ele- 
vation of  the  building,  and  of  the  relative  position  of  the  instrumentB. 
The  building  consists  of  one  circular  apartment,  of  14  feet  6  inches 
diameter,  surmounted  by  a  dome,  and  is  based  upon  a  structure  of 
undisturbed  clay.  The  two  instruiiients  contained  witlun  it  are  a 
transit  instrument  and  an  equatoreal  instrument,  both  supported  on 
parts  of  the  same  pier,  which  is  1 1  feet  in  length,  the  part  support- 
ing the  transit  instrument  being  3  feet  6  inches  broad,  and  that 
supporting  the  equatoreal,  2  feet  8  inches  broad ;  and  the  whole  of 
the  pier  is  kept  quite  separate  from  the  walls,  to  avoid  any  commu- 
nication of  tremor.  The  dome  revolves  on  eight  rollers  of  6  inches 
in  diameter,  placed  at  equal  distances,  and  the  friction  is  so  small, 
that  the  strength  of  a  boy  of  twelve  years  of  age  is  quite  adequate 
to  turn  it.  The  transit  instrument  is  placed  a  littie  to  the  west  of 
the  meridian  line,  passing  through  the  centre  of  the  dome,  and  by 
revolution  of  the  dome  commands  the  whole  180^  of  sky. 

Ihe  telescope  of  the  equatoreal  is  a  Newtonian  reflector  of  9 
inches  clear  aperture,  and  of  1 12  inches  focal  length.  The  object- 
mirror  the  author  believes  to  be  of  very  great  p^ection  of  figure, 
showing  the  stars  in  th.e  most  favourable  states  of  the  atmosphere 
with  perfect  roundness,  and  answering  very  well  to  the  severe  test 
recommended  by  Mudge  in  the  Phil.  Trans.,  of  alternately  exposing 
different  portions  of  its  surface  to  the  rays  from  the  object.  The 
])cnumbra  of  a  star  seen  out  of  focus  is  truly  round,  and  equal  in 
brightness  in  its  various  parts,  presenting  also  the  same  form  on 
both  sides  of  the  place  of  distinct  vision. 

The  mirror  is  mounted  in  a  copper  tube,  9  feet  long  and  of  9^ 
inches  in  diameter,  and  there  is  a  peculiar  contrivance,  by  means 
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of  a  lever  and  a  weight*  which  are  brought  into  action  for  great  al- 
titudes, but  which  have  no  effect  when  the  telescope  is  horizontal, 
for  preventing  its  flexure,  and  for  securing  its  steady  adjustment  in 
all  positions.  The  effect  of  this  the  author  describes  as  rendering 
the  images  of  stars  equally  round  at  all  altitudes,  and  certainly  never 
better  than  when  near  the  zenith.  The  declination  and  hour-circles 
are  each  divided  to  15',  and  by  means  of  verniers  can  be  read  to  30" 
and  2'  respectively.  The  polar  axis  is  made  in  three  parts.  The 
lowest  part  is  a  hollow  cone  of  metal  half  an  inch  thick,  the  lower 
end  being  solid,  and  tirnied  into  a  ball  2  inches  in  diameter.  The 
ball  is  received  into  a  nearly  hemispherical  brass  step,  provided  with 
adjusting-screws.  The  upper  part  of  the  cone  is  turned  and  driven 
into  the  bored,  internal  surface  of  a  cap-plate  or  flange,  which  af- 
fords an  attachment  almost  as  firm  as  if  the  whole  had  been  cast  in 
<Hie  piece.  The  exterior  circumference  of  the  collar  of  the  flange  is 
also  turned  with  great  care,  and  rests  on  two  cast-iron  friction- 
wheels,  7  inches  in  diameter,  vrith  axles  of  steel.  The  only  bearings 
of  the  motion  in  right  ascension  being  the  step  at  the  foot  of  the 
axis,  and  two  points  in  the  circumferences  of  the  Motion- wheels,  the 
motion  is  rendered  very  smooth,  and  the  required  impulse  for  motion 
as  small  as  can  be  desired. 

For  observation  of  objects  at  great  altitudes,  a  very  simple  con- 
trivance is  made  to  elevate  the  observer  conveniently  to  the  required 
position  at  the  eye-end  of  the  telescope.  Fastened  to  the  following 
side  of  the  opening  of  the  dome  is  a  stiff  bar  of  iron,  notched  in  the 
manner  of  a  saw,  upon  which  is  hung,  by  iron  hooka,  a  wooden 
frame,  in  which  a  moveable  foot- board  is  adjustable  to  different 
heights,  in  the  manner  of  the  shelves  of  a  bookcase,  by  which  com<« 
bination  of  elevations  every  variety  of  altitude  can  be  obtained,  at 
the  same  time  that  the  sides  of  the  frame  aflbrd  an  agreeable  sup- 
port to  the  observer.  The  operation  of  advancing  the  opening  of 
the  dome,  also  carries  on  the  observing-ladder,  and  the  position  of 
the  notched  bar  is  such  that  the  sliding  of  the  ladder  upon  it,  for 
the  most  part  gives  the  necessary  variation  in  altitude,  and  is  very 
appropriately  fitted  to  the  change  of  position  of  the  eye-tube  of  the 
telescope.  The  object-end  of  the  telescope  and  the  declination- 
circle  are  counterpoised  by  weights  applied  to  the  framework,  not  to 
the  telescope  itself,  by  which  it  remains  in  equilibrio  in  all  positions* 
With  a  view  of  conveying  as  correct  an  impression  as  possible  of  the 
general  arrangement  of  the  parts  of  the  observatory  and  the  instru- 
ments, the  author  has  accompanied  his  description  by  a  modd,  on  a 
scale  of  one-tenth  the  full  size  in  linear  dimensions. 

Observations  on  Bremicker's  Comet,  with  its  apparent  places,  as 
obtained,  with  the  Equatoreal,  at  Mr.  Bishop's  Observatory,  and 
an  account  of  the  methods  employed  in  deducing  them.  By  the 
Rev.  W.  R.  Dawes. 

The  extreme  fiuntness  of  this  comet  rendering  it  observable  only 
by  persons  possessing  large  telescopes,  Mr.  Dawes  was  induced  to 
employ  for  the  purpose  Mr.  Bishop's  equatoreally-mounted  telescope 
of  7  inches  dear  aperture,  and  10|  feet  focal  length.    The  micro- 
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meter  used  lias  four  thick  vires,  two  of  which  are  panDel  to  the 
screw,  and  therefore  at  right  angles  to  the  webs,  and  fixed  at  aa 
angular  distance  of  7"  between  t£eir  adjacent  edges,  and  the  other 
two  parallel  to  the  webs,  and  moveable  with  them.  By  means  of 
these  four  thick  wires  a  small  square  was  formed,  as  nearly  as  pos- 
sible in  the  centre  of  the  field*  and  the  nucleus  of  the  comet  placed 
in  it  for  observation. 

The  nucleus  resembled  a  star  of  about  the  10th  or  11th  magni- 
tude, abruptly  diffusing  itself  into  the  nebulosity  around  it.  It  was 
very  decided,  with  powers  63  and  105,  the  latter  of  which  was  ge- 
nerally employed  in  the  observations.  The  first  day  of  obaervatioa 
of  the  comet  was  Nov.  14,  when,  as  well  as  on  Nov.  16,  19,  and  24. 
the  stellar  nucleus  was  remarked  as  distinctly  viuUe.  On  Nov.  19 
it  appeared  rather  eccentric  on  the  north  following  side.  After 
Dec.  3  a  succession  of  cloudy  eveninga  occunred,  and  the  com^  was 
not  seen  again  till  Dec.  22,  when  the  stdlar  nucleus  was  again  visi- 
ble, and  the  apparent  diameter  of  the  comet  was  certainly  larger. 
It  must  also  have  been  brighter,  since  the  observations  of  it  were 
oomaidered  good,  though  the  sky  was  so  hazy  that  stars  of  the  4tk 
magnitude  were  scarcdy  visible  to  the  naked  eye. 

The  last  night  of  observation  was  Dec.  29,  when  it  still  exhibited 
a  decided  stellar  nucleus,  and  tiie  nebulosity  appeared  mors  ex- 
tended and  dense.  No  observations  were  made  to  determine  its 
diameter,  but  it  was  estimated  at  1^'.  At  no  time  has  any  appear- 
ance of  a  tail  been  suspected. 

The  method  of  observation  adapted  by  Mr.  Dawes  was  that  of 
transit-comparisoBS  in  right  ascension,  and  of  micrometrical  oon- 
parisons  in  north  polar  distance  with  neighbouring  stars  whenever 
h  was  practicable.  Most  of  the  comparison-stars  have  been  iden- 
tified as  contained  in  the  Catalogue  of  Ghroombridge ;  and  the 
author  alters  greatly  into  detail  respecting  the  catalogue-places  of 
all  his  observed  stars,  preferring  the  places  given  in  Pond's  Cata- 
kigue  of  1112  Stan,  whenever  they  were  found  there. 

A  table  annexed  to  the  paper,  and  given  in  No.  14  of  the  Monthly 
Notices,  exhibits  the  observed  apparent  places  of  the  comet. 

May  14.— The  following  communications  were  read : — 

Description  of  a  Dioptric  Telescope,  and  of  a  Micrometxical  Iai- 
nette.    By  M.  Chevalier.    Translated  by  R.  W.  Rothman,  Baq. 

Hie  dioptric  telescope  constructed  and  described  by  M.  Chevalier 
diflGera  from  other  tekacopes  chiefly  in  the  arrangement  of  the  <^ 
ject-glass.  This  consists  of  a  large  achromatic  combinatian  of  kmg 
focus,  and  of  a  small  one  which  reunites  the  rays  transmitted  by  the 
primary  one.  The  chief  advantage  derived  from  this  constnictkm 
is  the  great  diminution  of  spheri^  aberration,  and,  consequently, 
the  power  of  increasing  die  aperture  of  the  telescope  with  the  same 
focal  distance.  This  advantage  is  obtained  by  dividing  the  excess  of 
curvature  between  the  two  achromatic  combinations,  and  by  calcu- 
lating the  distance  between  them,  so  as  best  to  secure  the  diminQ« 
tion  of  the  spherical  abenation  and  perfection  of  the  achromatism. 
The  author  considers  that  a  great  advantage  is  gained  by  the  ] 
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whicb  he  adopts  of  luting  together  the  crown  and  flint-gbsses  form- 
ing die  achromatic  combinations,  by  means  of  balsam  of  Canada 
almost  cold,  this  process  being  not  subject  to  the  inconvenience  at- 
tached to  the  use  of  mastic  in  drops  recommended  by  other  artists. 
He  also  suppresses  the  use  of  diaphragms  in  the  tubes  of  his  tele- 
scopes, which  he  lines  with  black  velvet. 

The  author's  micrometrical  lunette  consists  of  a  telescope  bent  at 
right  angles,  in  the  manner*  of  a  Newtonian  reflector,  carrying  a 
sight  on  the  object-end  and  a  small  perforated  mirror  on  the  eye- 
piece,  which  combination  permits  the  observer  to  see  at  once,  and 
with  the  same  eye,  an  object  at  a  fixed  distance,  and  the  image  of  the 
object  produced  by  the  telescope.  All  the  usual  micrometrical  and 
illuminating  methods  are  applicable  to  the  sight,  on  which  may  be 
traced  divisions  as  small  as  we  choose,  being  read  by  a  small  tele- 
scope parallel  to  the  first,  and  placed  before  the  metallic  mirror. 
By  the  author's  arrangement,  the  errors  to  which  common  micro- 
meters are  subject,  depending  on  the  thickness  of  the  wires,  the  im- 
perfection of  the  screws,  &c.  are  got  rid  of.  He  considers  his  mi- 
crometer as  particularly  applicable  to  geodetic  operations,  and  suit- 
able for  the  purposes  of  the  surveyor  as  well  as  of  the  astronomer. 

Observations  of  the  Aurora  Borealis.  By  Robert  Snow,  Bsq. 

In  tiiis  paper  Mr.  Snow  records  his  observations  of  this  interest- 
ing phsenomenon  made  at  Ashurst  and  Dulwich,  from  the  autumn 
of  the  year  1884  to  the  autumn  of  1839,  within  which  period  several 
remarkable  aurorae  appeared;  among  which,  as  particularly  de- 
serving notice,  he  describes  the  various  appearances  of  those  of  No- 
vember 17,  1885,  and  of  February  18,  1837  ;  the  latter  being  ren- 
dered additionally  remarkable  by  its  happening  on  the  same  evening 
as  the  occultation  of  Mars  by  the  moon.  Other  fine  auroras  de- 
scribed by  the  author  appeared  on  November  12,  1837 ;  on  Sep- 
tember 18,  1888;  and  on  January  19  and  September  3,  1839. 

The  auUior  deduces  from  his  observations  the  following  invariable 
circumstances  of  the  phssnomenon  :-*That  the  aurora  may  be  ex* 
pected  at  any  season  of  the  year ;  that  it  assumes  nearly  every  va- 
riety of  colour ;  that  it  resembles  both  in  shape  and  motion  every 
variety  of  ordinary  cloud ;  that  its  appearances  are,  in  the  course  of 
the  same  evening  and  without  any  determinate  order,  undulating, 
radiating,  snd  streaming,  with  other  cajnicious  forms  not  easily  ex- 
pressible ;  that  the  length  of  time  during  which  it  is  visible  is  very 
uncertain;  that  it  appears  to  the  eye  (geometrical  considerations 
apart)  as  if  it  existed  at  various  distances  from  the  earth's  surfoce ; 
that,  although  for  the  most  part  it  is  not  influenced  by  the  presence 
of  clouds,  it  occasionally  tinges  them  with  its  own  prevailing  colours ; 
that  this  has  been  noticed  only  when  the  clouds  are  low ;  that  there 
are  also  certain  lofty  cirrous  clouds,  which  have  the  appearance  of 
arranging  themselves  in  peculiar  bands  or  strata,  as  if  in  connexion 
with  the  aurora ;  that  these  strata  are  visible  during  daylight,  when 
the  visibility  of  the  dark  portion  of  the  arch  has  sometimes  been 
strongly  suspected ;  that  the  stars  are  seen  both  well  and  ill  defined 
through  the  auroral  light  and  the  auroral  darkness ;  that  it  is  by  no 
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means  confined  to  the  northern  re^ons  of  the  sky,  though  orighia- 
ting  about  the  magnetic  north  ;  that,  with  the  exception  of  a  dimi- 
nution of  its  general  efiFect,  it  is  uninfluenced  by  moonlight ;  that  its 
appearance  generally  accompanies  weather  the  reverse  of  finost,  such 
as  heavy  wind  and  rain ;  and,  lastly,  that  it  is  whoUy  inaudible.  The 
author  concludes  by  warning  the  spectators  of  this  phsenomenon 
against  the  false  impressions  to  which  the  senses  are  liable,  especially 
with  regard  to  the  sensation  of  heat  and  the  notion  of  sound,  as  at- 
tending phamomena  in  which  our  idea  of  either  of  these  qualities 
has  been  predominantly  awakened. 

Mean  Positions  of  the  Stars  mentioned  in  Mr.  Baily*s  Address 
to  Observers,  determined  at  San  Fernando  in  the  years  1834,  1835, 
1836,  1837,  and  1838.  By  M.  Montojo.  Translated  by  Captain 
Shirreff,  R.N. 

The  whole  number  of  stars  contained  in  this  catalogue  is  126,  of 
which  121  are  mentioned  in  Mr.  Baily's  "  Address  to  Observers/' 
as  being  of  doubtful  position,  or  not  recently  detennined.  Hie  re- 
ductions of  the  observations  of  right  ascension  have  been  performed 
strictly  by  means  of  the  Tabuke  RegiomoiUantc,  the  mean  positions 
of  the  fundamental  stars  and  the  numbers  and  constants  of  that 
work  having  been  adopted.  The  equinox  to  which  they  are  referred 
is  that  of  Bessel,  coinciding  with  that  determined  at  San  Fernando 
from  206  observations  of  the  sun. 

The  transit-instrument  and  clock  employed  are  described  in  the 
published  Observations  of  the  years  1834  and  1835 ;  and  the  instru- 
mental errors  there  explained  have  been  rigorously  taken  into  account. 

The  observations  in  declination  include  only  the  years  1887  and 
1838,  the  mural  cirde  having  come  into  operation  in  1837. 

This  instrument  differs  in  no  essential  respect  from  thoee  of  the 
Observatory  of  Greenwich,  and  was  made  by  Mr.  T.  Jones. 

The  mode  of  observation  is  essentially  similar  to  tiiat  pursued 
with  other  mural  circles,  the  horizontal  points  being  obtained  by 
direct  and  reflexion  observations,  at  the  same  transit,  of  different 
stars  ranging  through  a  large  arc  of  zenith  distance,  and  the  mean 
of  the  results  of  three  days'  observations  being  usually  employed. 
Each  observer  is  made  to  determine  his  own  horizontal  point,  some 
slight  disagreement  between  the  results  of  different  observers,  si- 
milar  to  what  in  transit  observing  is  called  personal  equation,  having 
been  recognised. 

The  latitude  was  determined  by  superior  and  inferior  transits  of 
Polaris,  of  /3,  ^,  and  X  Ursse  Minoris,  and  of  Gephei  51  (Hev.),  using 
only  such  observations  of  them  as  were  made  by  direct  Tisioii  and 
by  reflexion  at  the  same  transit. 

The  refraction  is  computed  from  the  Tabula  Regiomontaiuc,  and 
the  precession  from  the  values  of  m  and  n  given  in  that  work. 

llie  resulting  right  ascensions  are  compared  with  the  Astrono- 
mical* Society's  Catalogue,  with  Pond's  Catalogue  of  1112  Stars, 
with  Wrottesley's  Catalogue,  and  with  Johnson's  of  606  Soutiiem 
Stars,  and  also  with  the  stars  found  in  the  Oreenwidi  observations 
of  1833,  1836,  and  1837. 
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The  N.  P.  D.'s  are  compared  with  the  Astronomical  Society's 
Catalo^e,  with  Pond's,  Johnson's,  and  Henderson's  Catalogues, 
and  with  the  Greenwich  obserratbns  of  1836  and  1837. 

June  11. — ^The  following  communications  were  read :— - 

A  New  Catalogue  of  Moon-culminating  Stars,  observed  at  South 
Kiiworth.    By  the  Rev.  Dr.  Pearson. 

This  catalogue  contains  520  stars  which  fall  within  the  passage 
of  the  moon,  in  every  situation  of  the  nodes,  and  which  had  been 
published  in  the  Appendix  to  the  first  volume  of  the  author's  work 
on  Practical  Astronomy  *.  The  stars  m  this  catalogue  had  been 
•elected  by  Caturegli  from  the  determinations  of  different  observers, 
and  tiierefore  might  be  supposed  to  have  theu:  places  assigned  with 
different  degrees  of  accuracy,  so  as  to  require  a  new  series  of  care- 
ful observations,  and  reduction  with  improved  constants,  to  ren^ 
derthem  suitable  objects  for  so  delicate  a.  purpose  as  the  deter- 
mination of  longitudes,  by  comparison  with  tiie  moon's  limb,  upon 
or  near  the  meridian.  This  consideration  induced  Dr.  Pearson  to 
confine  his  stellar  olwervationa  to  moon-culminating  stars,  employing 
for  the  purpose,  contemporaneously,  the  transit  instrument  and 
circle,  described  in  his  work  before  referred  to,  and  a  clock  by 
Hardy,  which  is  an  exact  fellow  to  the  transit-clock  at  Greenwich 
in  its  original  state.  The  observations  were  continued  uninter- 
ruptedly fr>om  November  4,  1830,  to  May  7,  1834;  when,  on  ac- 
count of  inconvenience  arising  from  the  smoke  of  the  village,  the 
instruments  were  removed  to  another  building  in  the  author's  pri- 
vate grounds,  lying  in  the  same  meridian  and  4^^  to  the  south  of  the 
former.  They  were  here  continued  till  the  end  of  the  year  1837, 
when  it  was  found  that,  with  very  few  exceptions,  the  whole  of  the 
stars  had  been  observed  at  least  six  times. 

The  reductions  were  made  with  the  constants  given  in  the  Astro- 
uomical  Society's  Catalogue  for  the  epoch  1830,  for  the  purpose  of 
direct  comparison  with  that  catalogue,  using  the  annual  precessions 
given  in  that  work.  Brinkley's  refractions  were  used  in  the  reduc- 
tion of  the  circle  observations,  which  include  stars  as  low  as  8^  of 
altitude,  and  may  therefore  possibly  furnish  data  for  correction  of 
the  tables  of  refractions ;  with  which  view  the  original  observations 
have  been  preserved.  The  telescopes  used  are  by  TuUey,  and  the 
object-glasses,  of  3^  inches  aperture  and  nearly  44  inches  focal 
length,  may  be  considered  excellent  in  their  definition  of  a  large  star. 
The  collimation  in  altitude  was  determined  by  a  small  collimating 
telescope,  by  reversion  of  the  azimuthal  positions ;  and  comparison 
of  the  sum  of  reversed  readings  with  dO°  proved  lUghly  satis^Bustory 
in  -every  instance. 

llie  resulting  right  ascensions  of  the  stars  used  for  dock-error 
are  given  in  an  q)pendix,  that  their  close  agreement  with  the  ri^ht 
ascensions  derived  from  a  multiplicity  of  observations  at  Greenwich 
may  be  exhibited. 

Numerical  corrections  were  not  applied  for  the  instrumental 
eiTors,  but  the  instruments  themselves  were  kept  in  adjustment  by 
£*  See  Phil.  Mag.,  Second  Series,  vol.  iv.  p.  Id4,^£».] 
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meaiM  of  hanging  levels.  The  meridian  mark  on  the  noithem  wall 
of  a  house,  durmBtly  to  the  south  of  the  transit  instrument,  was 
never  observed  to  deviate  in  position ;  though  the  pillar,  carryin|f 
the  northon  mark,  was  liable  to  deviations  when  the  sun  was  power- 
ful or  the  frost  severe. 

On  the  Advantages  to  be  attained  by  a  Revision  and  Rearrange^ 
ment  of  the  Constellations,  with  especial  reference  to  those  of  the 
Southern  Hemisphere,  and  on  the  Principles  upon  which  such  Re- 
arrangement ought  to  be  constructed.  By  Sir  J.  F.  W.  HerB^el» 
Bart.^K.H.,  V.P.R.A.S.,  &c.&c. 

The  stars  must  have  been  divided  into  groups,  which,  as  also 
single  stai8«  would  have  leoeived  names  Icmg  benire  they  begim  to 
be  considered  with  reference  to  the  seasons,  or  the  sun's  motion  in 
the  ecliptic.  The  best^defined  groups  would  be  the  irst  named,  but 
in  the  stars  of  the  zodiac  this  principle  would  be  afterwards  modified, 
for  the  convenienee  of  dividing  the  circle  into  equal  parts.  In  the 
extra-zodiacal  regions  no  principle  seems  to  have  prsvailed,  either 
of  subdivision  or  nomenclature ;  and  many  of  the  figures  of  the  oon- 
stellations  scarcely  resemble  tite  forms  intended,  with  the  except 
tion  of  a  few,  as  Scorpio  for  example.  Names,  however,  would  be 
imposed  from  other  associations  than  mere  form.  The  author  pro- 
poses  to  consider  how  far  the  present  system  of  constellations  si 
adapted  to  the  purposes  of  astronomy,  and  to  examine  by  what  m^ 
difications  it  may  be  made  more  serviceable ;  and  also  to  inquire  into 
the  circumstances  which  render  a  systematic  revision  of  them  de- 
sirable, or  even  necessary,  at  the  present  advanced  epoch. 

The  use  of  constellations  to  the  astronomer  is  to  enable  him  to 
refer  to  a  particular  star.  For  this  purpose,  a  distributiim  on  any 
principle  would  serve;  yet  even  on  this  point  the  present  ^sten 
often  leads  to  confusion  i  for,  1st,  the  similarity  of  the  names  of  se- 
veral constellations,  and  the  bestowing  on  a  new  constellation  the 
name  of  an  old  one,  with  an  adjunct  for  the  sake  of  diMinctioni 
render  it  necessary  in  many  cases,  in  order  to  avoid  eonfusiaii,  to 
write  the  names  at  fiiU  length :  thus,  for  example,  we  have  (with 
several  others)  Uisa  major  and  milior,  three  Triangles,  Pisces  and 
Fiscis,  Apis  and  Apus,  Telesoopium  repeated  three  times,  Quadranti 
Sextant,  and  Octant,  &c.  &o.  Sndly,  Some  constellations  are  so  ex- 
tensive tiiat  they  exhaust  three  or  more  alphabets,  and  therefore  it 
is  sometimes  necessary,  beside  the  letter  of  the  star,  to  specify  also 
its  right  ascensiim  and  declination :  for  example,  in  Argo  three  stara 
are  marked  0,  and  seven  A.  Again,  such  constellations  extend  over 
so  many  hours  of  right  ascension,  that  the  name  of  the  oonatellatioai 
is  of  no  use  in  finding,  in  the  catalogues,  one  of  the  stars  composing 
it :  thus,  Argo  occupies  eight  hours  of  right  ascension.  Sdly,  The 
imperfect  and  uncertain  boundaries  of  the  present  constellations  lead 
to  confounding  the  Greek  letters  of  one  constellation  with  those  of 
another  contiguous  to  it.  Moreover,  the  boundaries  are  not  alwi^ 
the  same  in  different  maps— »a  circumstance  which  alone  is  decisive 
of  the  necessity  of  fome  system  which  might  be  more  fifcvourable  to 
a  general  understanding. 
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To  the  astronomer  who  refen  to  stan  by  their  eatalopied  places, 
these  inconveniences  may  not  afford  serious  ground  of  eompUdnt ; 
aince  even  in  the  southern  hemisphere  but  few  stars  of  the  fif^  mag- 
nitude remain  uncatalogued.  Nor  are  the  defects  of  the  present 
system  felt  by  seamen,  who  have  little  to  do  wilii  the  constellations 
beyond  referring  to  a  few  well-known  stars.  But  to  those  who  em* 
ploy  themselves  in  the  physical  departments  of  practical  astronomy, 
such  as  variable  stars,  photometrical  detenninations,  and  odier  sub* 
jeets,  and  who  require  a  perfect  familiarity  with  the  ai^iect  of  the 
heavens,  the  present  arbitrary  and  cf^ricious  allotment  of  the  stars 
renders  reference  to  maps  constantly  necessary.  And  when  the 
leading  stars  in  the  map  are  not  those  which  in  the  heavens  catch 
the  eye  by  their  brightness,  it  becomes  necessary  alternately  to  in- 
spect the  map  by  candlelight,  and  then  to  rush  out  into  the  dark- 
ness, to  compare  the  impression  made  on  the  memory  with  the  vi- 
aible  aspect  of  the  stars,  to  the  loss  of  all  delicacy  of  vision,  and  the 
injury  of  the  organ  itself. 

The  author  had  proposed  to  himself  to  follow  out,  in  the  southern 
hsadgphete,  the  plan  adopted  by  the  late  Sir  William  Herschel,  in 
wrder  to  place  cm  record  the  relative  apparent  magnitudes  of  the 
atan  at  tiiis  epoch ;  and  it  was  while  thus  engaged  that  he  became 
impressed  with  the  necessity  of  a  total  reformation  of  tlie  ancient 
system. 

In  enumerating  the  qualities  which  a  sptem  of  sidereal  arrange- 
ment should  possess,  the  writer  observes  that  the  new  subdivisions 
should  be  of  moderate  extent,  the  figures  easily  traced,  and  the 
groups  such  as  naturally  arrange  themselves  m  distinct  forms. 
Again,  the  boundaries  ought  to  he  definite,  so  as  to  be  transferred 
from  one  map  to  another  widiout  variation ;  they  should  accordingly 
be  arcs  of  great  circles,  or  parallels  to  a  great  circle ;  that  is,  cirdes 
of  right  ascension  and  parallels  of  declination.  Ilie  limits,  thus 
assumed,  should  correspond  to  a  particular  epoch,  being  reduced  to 
any  other  time,  by  the  necessary  tables,  like  stars.  The  advantages 
of  this  system  would  be  that  each  star  would  be  at  once  referred  to 
its  proper  district ;  that  the  observer,  becoming  familiar  with  the 
limits,  would  know  the  time  when  each  star  approadied  his  meri* 
dian,  as  also  the  limits  of  altitude  between  which  it  would  be  com- 
^ised. 

After  some  remarks  on  the  mode  of  carrying  the  proposed  plan 
into  execution^  the  writer  suggests : — 

1 .  That  the  names  of  constellations  should  be  such  as  not  to  be 
easily  confounded  either  when  spoken  or  printed. 

2.  Each  name  should  be  Latin,  with  a  regular  genitive  case ;  to 
which  the  astronomers  of  different  nations  should  conform,  without 
translating  them  into  their  own  languages. 

8.  In  the  names,  low  or  homely  associations,  technicalities  of 
science,  and  national  and  political  allusions,  should  be  avoided. 

4.  General  names  should  be  preferred,  as  Rex,  Regioa,  Miles, 
Sculptor,  Poeta,  &c. ;  and  they  would  be  selected  from  mythology 
and  clas^cal  antiqiiity,  as  neutral  ground. 
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5.  The  naming  of  constellations  after  their  imagined  figures  mnst 
be  abandoned. 

Individual  stars  are  most  conveniently  desig^ted  by  Greek  let* 
ters,  the  letters  of  the  alphabet  being  assigned  in  the  order  of  the 
brightness  of  the  stars.  The  inconvenience  which  would  sometimes 
attend  this  last  condition  might  be  remedied. 

The  practice  of  giving  a  proper  name  to  each  star  is  so  conve* 
nient,  that  the  author  would  wish  to  see  it  extended  to  all  stars  of 
the  third  magnitude,  at  least ;  and  he  concludes  with  some  further 
suggestions  on  this  point.  The  paper  is  accompanied  by  a  plate  in 
illustration  of  the  principle  of  arrangement*. 


ROYAL  IRISH  ACADEMY. 

Nov.  9.  1840.— The  Rev.  T.  R.  Robmson,  D.D.,  M.R.I.A.,  gave 
the  Academy  an  account  of  a  large  reflecting  telescope,  lately  con* 
structed  by  Lord  Oxmantown,  and  of  the  processes  employed  in 
forming  its  speculaf. 

After  explaining  the  relative  importance  of  magnifying  and  iOumi* 
nating  power,  Dr.  R.  proceeded  to  give  a  brief  sketch  of  the  history 
of  the  reflecting  telescope,  which  seemed  to  have  been  forgotten  fox 
many  years  after  its  invention,  till  it  was  revived  by  Hadley.  The 
labours  of  Short  soon  gave  it  celebrity ;  yet  even  this  artist  limited 
himself  in  almost  every  instance  to  sizes  which  were  not  more  power- 
ful than  the  achromatics  of  his  day,  and  his  large  instruments  appear 
to  have  been  failures^.  It  was  not  till  a  full  century  after  the  pub- 
lication of  Newton's  paper,  that  Sir  William  Herschel  gave  this  tele- 
scope the  gigantic  development  which  has  crowned  him  with  im- 
perishable fame ;  and  by  the  construction  of  telescopes  of  Tiineteen 
and  forty- eight  inches  aperture,  placed  regions  almost  beyond  the 
scope  of  measurement  within  the  reach  of  human  intellect.  But  as 
Short,  in  a  spirit  unworthy  of  his  talents,  took  care  that  his  knowledge 
should  die  with  himself,  and  Herschel  published  nothing  of  the  means 
to  which  his  success  was  owing,  the  construction  of  a  large  reflector 
is  still  as  much  as  ever  a  perilous  adventure,  in  which  each  individual 
must  grope  his  way.  Accordingly,  the  London  opticians  themselves 
do  not  like  to  attempt  a  mirror  even  of  nine  inches  diameter,  and 
demand  a  price  for  it  which  shows  the  uncertainty  and  difficulty  of 
its  execution.  In  Ireland  we  are  more  fortunate,  for  a  member  ci 
our  Academy,  Mr.  Grubb,  finds  no  difficulty  in  making  them  of  ad-* 

[*  On  the  subject  of  this  paper  see  an  abstract  of  a  memoir  by  Che  late 
Dr.  Olbers,  in  the  proceedings  of  the  Society  for  March,  atUe^  p.  571* 
—Ed.] 

[f  An  abstract  of  Lord  Oxmantown's  paper  on  his  Teiesco|>e}  read  be- 
fore the  Royal  Society,  and  published  in  the  Philosophical  Transactions, 
will  be  found  in  Phil.  Mag.,  Third  Series,  vol.  xvii.  p.  380.— En.]] 

X  A  Newtonian  of  six  feet  focus,  and  9-4  inches  aperture,  is  satd  by  Mai- 
kelyne  to  have  shown  the  first  satellite  of  Jupiter  13"  longer  than  a  Iripie 
achromatic  of  3*6  inches  aperture.  The  telescope  of  twelve  feet  focus,  and 
eighteen  inches  aperture, now  at  Oxford,  showed  multiple  ringsof  Saturn. 
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inirable  qnality  up  to  this  size,  or  even  fifteen  inches ;  but  witli  all 
his  distinguished  mechanical  talent,  he  is  believed  to  be  doubtful  of 
the  possibility  of  more  than  doubling  this  last  magnitude  in  perfect 
speculum  metal. 

Under  these  circumstances,  too  much  praise  cannot  be  given  to 
Lord  Oxmantown,  who,  in  the  midst  of  other  purswts,  has  found 
leisure  for  such  researches ;  and  by  a  rare  combination  of  optical 
science,  chemical  knowledge,  and  practical  mechanics,  has  ^ven  us 
the  power  of  overcoming  the  difficulties  which  arrested  our  pre- 
decessors, and  of  carrying  to  an  extent  which  even  Herschel  himself 
did  not  venture  to  contemplate,  the  illuminating  power  of  this  tele- 
scope, along  with  a  sharpness  of  definition  scarcely  inferior  to  that  of 
the  achromatic. 

The  chief  difficulties  which  are  to  be  overcome  in  the  construction 
of  reflectors,  arise  from  the  excessive  brittieness  of  the  composition 
of  which  specula  are  made,  and  from  the  necessity  of  giving  them 
figures  which  shall'  be  free  from  aberration.  The  great  mirror  in  the 
Newtonian  form  is  (if  the  eyepiece  and  plane  mirror  be  correct)  the 
conical  parabdoid. 

It  is  necessary  that  speculum  metal  should  possess,  in  the  highest 
attainable  degree,  the  qualities  of  ^vdiiteness,  bnlliancy ,  and  resistance 
to  tarnish.  Lord  Oxmantown  has  found  that  these  conditions  are 
best  satisfied  in  the  definite  combinations  of  four  equivalents  of  cop- 
per to  one  of  tin ;  or  by  weight,  32  and  14*7  nearly.  Metals  difi^- 
ing  from  this  by  a  slight  excess  of  either  component,  are,  when  first 
polished,  scaicely  less  brilHant,  but  are  dimmed  so  rapidly  that  the 
lapse  of  a  few  days  produces  a  sensible  difference.  On  the  other 
himd,  some  large  specula  of  the  atomic  compound  have  been  lying 
uncovered  for  years,  without  material  injury  to  their  polish. 

But  this  compound  is  bnttie  almost  beyond  belief ;  a  slight  blow, 
or  even  the  application  of  partial  warmth,  will  shiver  a  large  mass  of 
it ;  though  harder  than  steel,  its  surfiace  is  broken  up  with  the  ut- 
most faculty,  and  it  has  a  most  energetic  tendency  to  crystallize. 
The  common  process  of  the  founder  fails  with  it,  except  for  masses 
of  very  limited  magnitude,  as  the  cast  cracks  in  the  mould  ;  and  the 
subsequent  difficulties  of  the  annealing  are  such,  that  it  has  been  a 
very  general  practice  to  use  an  alloy  lower  (containing  more  copper) 
than  the  atomic  standard.  Even  Sir  William  Herschel  was  obliged 
to  yield  to  this  necessity.  It  appears  from  a  letter  of  Smeaton,  (Rees's 
GyclopsBdia,  Art.  Telescope,)  that  for  his  20-foot  mirror  of  19  inches 
aperture,  the  composition  was  32  copper  to  12*4  tin,  and  that  for 
the  40-foot  it  was  even  lower ;  yet  two  out  of  three  attempts  to 
cast  this  huge  speculum  failed. 

Lord  Oxmantown  at  first  endeavoured  to  evade  the  difficulty,  by 
constructing  a  speculum  in  pieces,  soldering  plates  of  fine  metal  to  a 
back  of  a  pecuHar  brass,  ascertained  to  have  the  same  expansion ; 
and  has  completed  one  of  thirty-six  inches  aperture  and  twenty*seven 
feet  focal  length,  which  performs  very  well  on  stars  below  the  fifth 
magnitude,  but  above  that  exhibits  a  cross  formed  by  the  diffinaction 
at  tiie  joints ;  and  in  unsteady  states  of  the  air  exhibits  the  sixteen 
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diviflions  of  the  great  mirror  on  the  star's  disc.  By  diminishhig  the 
number  and  size  of  the  joints  it  is  fonnd  that  these  inconveni- 
ences can  be  diminished,  so  as  to  be  scarcely  perceptible ;  and  in  all 
probability  this  is  the  process  by  which  the  remotest  limits  of  tele- 
scopic vision  will  ultimately  be  attained.  It  is,  however,  not  neces« 
sary  for  instruments  of  even  g^reater  dimensions  than  this,  since  Lord 
Oxmantbwn  has  succeeded,  by  a  contrivance  as  simple  as  ingenious, 
in  casting  at  the  first  attempt  a  solid  mirror  of  the  same  size ;  and 
there  is  no  reason  to  suppose  that  it  will  be  less  efiective  on  a  much 
larger  scale. 

But  however  difficult  it  may  be  to  obtain  the  rough  speculum  of 
large  dimensions,  it  is  still  more  so  to  give  it  a  proper  figure,  com* 
bined  with  that  brilliant  polish  which  is  technically  called  black,  be- 
cause it  reflects  no  light  out  of  the  plane  of  incidence.  In  such  mir- 
rors as  can  be  wrought  by  hand,  they  are  wotked  by  short  cross  atrokeB 
on  the  polisher,  and  at  the  same  time  have  a  slow  rotation  relative 
to  it.  This  might  be  expected  to  produce  merely  a  spherical  figure ; 
but  by  varying  Uie  length  of  the  stroke,  by  circular  movement,  elliptic 
figure  of  the  polisher,  or  removing  portions  of  its  pitch  covering,  a 
parabolic  figure  is  obtained.  For  sizes  above  nine  inches  diameter, 
the  work  must  be  performed  by  machinery :  but  in  all  which  Dr.  Ro- 
binson has  seen  (the  most  remarkable  of  which  are  those  of  Sir 
William  Herschel*  and  Mr.  Grubb),  the  cross  stroke  is  given  by  a  lever 
moved  by  hand :  and  it  is  supposed  that  perfect  results  cannot  be 
obtained  but  by  ikefeeting  of  Uie  polisher's  action.  Sir  John  Her- 
schel  is  believed  to  have  made  important  additions  to  his  father's 
apparatus ;  and  it  is  to  be  hoped  he  will  soon  redeem  his  promise 
(Mem.  R.  Aat.  Soc,  vol.  vi.)  of  publishing  his  improvements. 

Lord  Oxmantown  has  in  many  respects  deviated  from  the  usvial 
process.  His  polisher,  of  the  mirror's  diameter,  intersected  by  trans- 
verse and  circular  grooves  into  portions  not  exceeding  half  an  inch 
of  suriiEU^,  is  coated,  first,  with  a  thin  layer  of  the  common  optical 
pitch,  and  then  with  a  much  harder  compound.  It  is  worked  osthe 
mirror,  and  counterpoised,  so  that  but  little  of  its  weight  bears ;  but 
the  want  of  pressure  is  compensated  by  a  long  and  rapid  stroke. 
The  mirror  revolves  slowly  in  a  cistern  of  water,  maintained  at  a 
uniform  temperature,  to  prevent  the  extrication  of  heat  by  firicticm. 
The  polisher  moves  slowly  in  the  same  direction,  while  it  is  also  im* 
pelled  with  two  rectangular  movements.  The  machine  is  driven  by 
steam,  and  requires  no  superintendence,  except  to  supply  occasionally 
a  little  water  to  the  polisher,  and  to  watch  when  the  polish  is  eom« 
plete.  By  an  induction  from  experiments  on  mirrors  from  six  to 
thirty-six  inches  aperture,  it  was  found  that  if  the  magnitudes  of  the 
transverse  movements  be  ^rd  and  T^Trth  of  the  aperture,  and  their 
times  be  to  its  period  of  rotation  as  1  and  1*8  to  37,  the  figure  will  be 
parabolic :  but  to  combine  with  this  the  highest  degree  of  Inatro,  it 
is  found  necessary  to  apply,  towards  the  close,  a  solution  of  soap  in 
liquid  ammonia,  which  seems  to  «xert  a  specific  action. 

*  Dr.  Robinson  had  the  eood  fortune  to  see  this  at  Slougfa,  in  1830| 
while  at  work  on  a  twenty-KK)t  mirror. 
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The  certainty  of  the  process  is  such,  that  the  solid  mirror  of  thirty- 
six  inches  aperture,  after  being  scratched  all  over  its  surfoce  with 
coarse  putty,  was,  in  Dr.  Robinson's  presence,  perfectly  polished  in 
about  six  hours,  and  was  placed  in  its  tube  for  examination  without 
any  previous  trial  as  to  quality. 

Lord  Oxmantown  has  preferred  the  Newtonian  to  the  Herschelian 
form,  and,  in  Dr.  Robinson's  opinion,  with  good  reason.  In  the  latter, 
the  inclination  of  the  great  mirror  to  the  incident  rays  must  deform  the 
image*,  and  it  is  now  known,  that  even  with  faint  objects  sharp  de* 
finition  is  of  high  importance.  It  should,  in  fact,  be  a  segment  of  a 
paraboloid,  exterior  to  the  axis ;  and  though  a  theorem  of  Sir  Wil- 
liam Hamilton  (Trans.  Roy.  Irish  Acad.,  vol.  xv.  p.  97)  might  seem 
to  indicate  mechanical  means  of  approximating  to  the  figure,  yet  Dr. 
Robinson  fears  there  would  be  greater  difficulty  in  applying  them  than 
in  enlarging  the  aperture  of  the  Newtonian,  so  as  to  make  up  for  the 
loss  of  light.  Another  serious  objection  is,  that  in  the  Herschelian 
the  observer's  position  at  the  mouth  of  the  tube  must  cause  currents  of 
heated  air,  which  will  materially  interfere  with  sharpness  of  definition. 

As  to  the  loss  of  light  by  the  second  reflexion,  Dr.  Robinson  thinks 
it  has  been  much  overrated,  and  expresses  a  wish  that  a  careful  set  of 
experiments  were  made  on  reflexion  by  plane  specula  at  various  inci* 
denoes,  on  prisms  of  total  reflexion,  and  the  achromatic  prism,  pro>- 
posed  as  a  substitute  by  Sir  David  Brewster. 

As  to  the  rest  of  the  instrument,  it  may  suffice  to  say,  that  it  bears 
a  general  resemblance  to  that  of  Ramage,  but  that  the  tube,  gallery, 
and  vertical  axis  of  the  stand  are  counterpoised,  so  that  one  man  can 
easily  work  it,  notwithstanding  its  enormous  bulk.  The  specula, 
when  not  in  use,  are  preserved  from  moisture  or  acid  vapours,  by  con- 
necting their  boxes  with  chambers  containing  quicklime,  which  is  oc- 
casionally renewed.  This  arrangement  (which  also  occurred  to  Dr. 
Robinson,  and  has  been  for  several  yearsapplied  by  him  to  the  Armagh 
reflector,)  appears  to  be  very  effective  in  preserving  the  polish.' 

In  trying  the  performance  of  the  telescope.  Dr.  Robinson  had  the 
advantage  of  the  assistance  of  one  of  the  most  celebrated  of  British 
astronomers,  Sir  James  South ;  but  they  were  unfortunate  in  respect 
to  weather,  as  the  air  was  unsteady  in  almost  every  instance ;  the 
moonlight  was  also  powerful  on  most  of  the  nights  when  they  were 
using  It.  After  midnight,  too  (when  large  reflectors  act  best),  the 
sky,  in  general,  became  overcast.  The  time  was  from  October  29th 
to  November  8th. 

Both  specula,  the  divided  and  the  solid,  seem  exactly  parabolic, 
there  bemg  no  sensible  difl^erence  in  the  focal  adjustment  of  the  eye- 
piece with  the  whole  aperture  of  thirty-six  inches,  or  one  of  twelve ; 
in  the  former  case  there  is  more  flutter,  but  apparently  no  difference 
in  definition,  and  the  eyepiece  comes  to  its  place  of  adjustment  very 
sharply. 

*  Any  one  who  has  a  Newtonian  telescope  can  verify  this,  by  inclining  a 
little  the  great  mirror,  so  however  as  not  to  pass  the  edge  ofthe  plane  mir- 
ror by  the  pencil.  In  Lord  Oxmantown's  instrument,  an  inclination  of  ll' 
sensibly  injures  it|  were  it  Herschelian,  the  inclination  must  be  3^  11'.  . 
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The  solid  speculum  showed  a  Lyrse  round  and  well  defined,  with 
powers  up  to  1000  inclusive,  and  at  moments  even  wi^  1600 ;  but 
the  air  was  not  fit  for  so  high  a  power  on  any  telescope.  Rigel,  two 
hours  from  the  meridian,  with  600,  was  round,  the  field  quite  daric, 
the  companion  separated  by  more  than  a  diameter  of  the  star  from  its 
light,  and  so  brilliant  that- it  would  certainly  be  visible  long  before 
sunset.  ^  Orionis,  well  defined,  with  all  the  powers  from  200  to 
1000,  with  the  latter  a  wide  black  separation  between  the  stars ;  32 
Orionis  and  31  Ganis  minoris  were  also  well  separated. 

It  is  scarcely  possible  to  preserve  the  necessary  sobriety  of  lan- 
guage, in  speaking  of  the  moon's  appearance  with  this  instrument, 
which  discovers  a  multitude  of  new  objects  at  every  point  of  its  sur- 
face. Among  these  may  be  named  a  mountainous  tract  near  Ptolemy, 
every  ridge  of  which  is  dotted  with  extremely  minute  craters,  and  two 
black  parallel  stripes  in  the  bottom  of  Aristarchus. 

The  Georgian  was  the  only  planet  visible ;  its  disc  did  not  show 
any  trace  of  a  ring.  As  to  its  satellites,  it  is  difficult  to  pronounce 
whether  the  luminous  points  seen  near  it  are  satellites  or  stars  with- 
out micrometer  measures.  On  October  29th,  three  such  points  were 
seen  within  a  few  seconds  of  the  planet,  which  were  not  visible  on 
November  5  th ;  but  then  two  others  were  to  be  traced,  one  of  which 
could  not  have  been  overlooked  in  the  first  instance,  had  it  been  in 
the  same  position.  If  these  were  satellites,  as  is  not  improbable,  there 
would  be  no  great  difficulty  in  taking  good  measurement  both  of 
their  distance  and  position. 

There  could  be  little  doubt  of  the  high  illuminating  power  of  such 
a  telescope,  yet  an  example  or  two  may  be  desirable.  Between  e* 
and  c*  Lyrse,  there  are  two  faint  stars,  which  Sir  J.  Herschel  (Phil. 
Trans.  1824)  calls  "  debilissima,"  and  which  seem  to  have  been,  at 
that  time,  the  only  set  visible  in  the  twenty-foot  reflector.  These,  at 
the  altitude  of  18^,  were  visible  without  an  eyeglass »  and  also  when 
the  aperture  was  contracted  to  twelve  inches.  With  an  aperture  of 
eighteen  inches,  power  600,  they  and  two  other  stars  (seen  in  Mr. 
Cooper's  achromatic  of  13*2  aperture,  and  the  Armagh  reflector  of  15) 
are  easily  seen.  With  the  whole  aperture,  a  fifth  is  visible,  which 
Dr.  Robinson  had  not  before  noticed.  Nov.  5th,  strong  moon- 
light. 

In  the  nebula  of  Orion,  the  fifth  star  of  the  trapezium  is  easily 
seen  with  either  speculum,  even  when  the  aperture  is  contracted  to 
eighteen  inches.  The  divided  speculum  will  not  show  the  sixth  with 
the  whole  aperture,  on  account  of  that  sort  of  disintegration  of  large 
stars  already  noticed,  but  does,  in  favourable  moments,  when  con- 
tracted to  eighteen  inches.  With  the  solid  miiror  and  whole  aper- 
ture, it  stands  out  conspicuously  under  all  the  powers  up  to  1000, 
and  even  with  eighteen  inches  is  not  likely  to  be  overlooked. 

Comparatively  little  attention  was  paid  to  nebulae  and  dusters, 
from  the  moonlight,  and  the  superior  importance  of  ascertaining  the 
telescope's  defining  power.  Of  the  few  examined  were  13  Messier, 
in  which  the  central  mass  of  stars  was  more  distinctly  separated,  and 
the  stars  themselves  larger  than  had  been  anticipated;  the  great 
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nebula  of  Orion  and  that  of  Andromeda  showed  no  appearance  of 
resolution,  but  the  small  nebula  near  the  latter  is  clearly  resolvable. 
This  is  also  the  case  with  the  ring-nebula  of  Lyra  ;  indeed*  Dr.  Ro- 
binson thought  it  was  resolved  at  its  minor  axis :  the  fainter  nebulous 
matter  which  fiUs  it  is  irregularly  distributed,  having  several  stripes 
or  wisps  in  it ;  and  there  are  four  stars  near  it,  besides  the  one 
figured  by  Sir  John  Herschel  in  his  catalogue  of  nebulae.  It  is  also 
worthy  of  notice,  that  this  nebula,  instead  of  that  regular  outline 
which  he  has  there  given  it,  is  fringed  with  appendages,  branch- 
ing out  into  the  surrounding  space,  like  those  of  13  Messier,  and  in 
particular,  having  prolongations  brighter  than  the  others  in  the  di- 
rection of  the  major  axis,  longer  than  the  ring's  breadth.  A  still 
greater  difference  is  found  in  1  Messier,  described  by  Sir  John  Her- 
schel as  "a  barely  resolvable  cluster,"  and  drawn,  fig.  81,  with  a 
fiEur  eUiptic  boundary.  This  telescope,  however,  shows  the  stars  as 
in  his  figure  89,  and  some  more  plainly,  while  the  general  outline, 
besides  being  irregular  and  fringed  with  appendages,  has  a  deep  bifur- 
cation to  the  south. 

From  these  and  some  other  discrepancies.  Dr.  Robinson  thinks  it 
of  great  importance  that  the  gbbukr  nebulae  and  clusters  should  be 
all  carefully  reviewed,  as  it  is  chiefly  from-their  supposed  regularity 
that  the  hjrpothesis  of  the  condensation  of  nebulous  matter  into  suns 
and  planets  has  arisen ;  an  hypothesis  which  he  thinks  has,  in  some 
instances,  been  carried  to  an  unwarrantable  extent. 

On  the  whole,  he  is  of  opinion  that  this  is  the  most  powerful 
telescope  that  has  ever  been  constructed.  So  little  has  been  publish- 
ed respecting  the  performance  of  Sir  W.  Hcrschel's  forty-foot  tele- 
scope, that  it  is  not  easy  to  institute  a  comparison  with  that,  the  only 
one  that  can  fairly  be  made  to  compete  with  it.  But  there  are  two 
fiicts  on  record  which  lead  to  the  inference  that  it  was  deficient  in 
defining  power :  one,  the  low  power  used,  which  Dr.  Robinson  thinks 
was  not  above  370  ;  the  other,  the  curcumstance  that  neither  the  fifth 
nor  sixth  stars  of  the  trapezium  of  the  nebula  of  Orion  were  shown  by 
it.  As  to  light,  there  is  no  reason  to  believe  that  the  composition  of 
the  forty-foot  mirror  was  as  reflective  as  that  of  the  twenty-foot ;  and 
if  Dr.  Robinson  be  correct  in  the  opinion,  that  the  latter*  did  not  show 
the  fifth  star  easily,  or  the  sixth  at  all,  and  that  it  only  exhibited  the 
"debilissima"  and  one  star  near  the  ring-nebula,  then  it  has  decidedly 
less  illuminating  power  than  eighteen,  perhaps  not  more  than  fourteen 
inches  aperture  of  Lord  Oxmantown's  mirror,  notwithstanding  the 
loss  of  %ht  in  that  by  the  reflexion  at  the  second  speculum. 

However,  any  question  about  this  optical  pre-eminence  is  likely 
soon  to  be  decided,  for  Lord  Oxmantown  is  about  to  construct  a 
telescope  of  unequalled  dimensions.  He  intends  it  to  be  six  feet 
aperture  and  fifty  feet  focus,  mounted  in  the  meridian,  but  with  a 
range  of  about  half  an  hour  on  eacb  side  of  it.  If  he  succeeds  in 
giving  it  the  same  degree  of  perfection  as  that  which  he  has  attained 
in  the  present  instance,  which  is  exceedingly  probable,  it  will  be  in- 

•  In  its  orinnal  state,  not  as  improved  by  the  more  perfect  means  latterly 
employed  by  Sir  John  Herschel. 
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deed  a  proud  achievement ;  his  character  is  an  assurance  that  it  will 
\}e  devoted,  in  the  most  unreserved  manner,  to  the  service  of  astro- 
nomy ;  while  the  energy  that  could  accomplish  such  a  triumph,  and 
the  Uherality  that  has  placed  his  discoveries  in  this  dif^cult  art  with- 
in reach  of  all,  may  justly  be  reckoned  among  the  highest  distinc- 
tions of  Ireland. 

November  30. — Dr.  Kane  read  a  paper  "  On  the  Prodnction  ci 
Audible  Sounds,"  an  abstract  of  which  will  be  found  in  the  present 
voliune,  p.  247. 

The  following  note,  "  On  the  Course  of  the  Diurnal  Fluctuations 
of  the  Barometer/'  by  James  P.  Espy,  A.M.,  of  Philadelphia,  was 
communicated  by  Dr.  Apjohn. 

'*  It  is  a  law  of  inertia,  that  if  a  body  is  forced  upwards,  it  wOl  re- 
act and  press  on  its  support  more  than  its  natural  gravity ;  and  if  it 
is  permitted  to  descend,  it  wiU  press  on  its  support  less  tiian  its 
natural  gravity,  and  the  increase  and  diminution  of  pressure  will  be 
proportional  to  its  velocity. 

''  Moreover,  if  a  body  is  permitted  to  descend  with  a  certain  velo- 
city, and  then  retarded,  it  will,  when  retarded,  press  more  on  its 
support  than  its  natural  gravity,  and  that  in  proportion  to  the 
rapidity  of  its  retardation. 

"  This  principle  will  explain  the  four  fluctuations  of  the  baro- 
meter which  occur  every  day. 

"  Just  before  sunrise,  when  the  atmosphere  is  neither  becoming 
hotter  nor  colder,  the  barometer  will  indicate  the  natural  weight  of 
the  air,  which  we  may  call  a  mean ;  as  the  sun  rises  the  air  will  begin 
to  expand  by  heat,  and  the  whole  atmosphere  will  be  lifted  up  by  1^ 
expansion,  and  by  its  reaction  will  cause  &e  barometer  to  rise;  and  this 
wUl  be  the  greatest  at  the  time  when  the  air  is  receiving  the  most 
rapid  accessions  of  heat,  which  must  take  place  before  the  hottest 
time  of  the  day,  when  the  air  is  becoming  neither  hotter  nor  colder. 
On  this  principle,  then,  the  maximum  day  fluctuation  will  take  place 
between  daylight  in  the  morning  and  the  hottest  time  of  the  day,  and 
this  corresponds  with  the  fact ;  for  this  maximum,  which  amounts  to 
more  than  the  tenth  of  an  inch,  takes  place  about  nine  or  ten 

o'clock  A.M. 

"  At  the  hottest  part  of  the  day,  when  the  air  is  neither  expand- 
ing nor  contracting,  it  is  manifest  that  the  barometer  will  stand 
again  at  a  mean.  Soon  after  this,  however,  the  air  will  begin  to  con- 
tract from  diminishing  temperature,  and  at  the  moment  of  the  most 
rapid  acceleration  of  contraction,  the  barometer  will  stand  at  its  day 
minimum,  which  will  probably  be  late  in  the  afternoon ;  and  it  is 
foimd  in  fact  to  be  from  four  to  five  o'clock.  From  this  time  the 
rapidity  of  the  downward  motion  of  the  air  from  contraction  begins 
to  diminish,  and  the  barometer  of  course  begins  to  rise ;  and  at  the 
moment  when  it  is  most  rapidly  retarded  in  its  contraction,  the 
barometer  will  be  at  its  maximum  night  fluctuation,  and  will  again 
be  above  the  mean,  but  not  so  much  as  the  day  maximum. 

"  This  maximum  is  found  to  occur  about  ten  or  eleven  o'clock  p.m. 
The  air  will  now  go  on  contracting  more  and  more  slowly,  until 
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about  daylight,  when  it  will  be  at  re8t>  and  the  barometer  will  again 
be  at  a  mean. 

"  This  theory  was  given  by  me  to  the  Journal  of  the  Franklin 
Institute,  and  published  ten  or  twelve  years  ago. 

"  I  ventured  in  that  paper  to  predict,  notwidistanding  some  al- 
leged observations  at  St.  Bernard's  Hospital  to  the  contrary,  that  it 
would  be  found  by  more  careful  observations  that  the  morning  maxi« 
mum  fluctuation  would  be  greater  in  lofty  situations,  on  the  sides  of 
mountains,  provided  they  were  not  very  lofty,  than  on  the  plain  below. 

*'  For  it  is  manifest,  tiiat  there  will  be  not  only  a  reaction  at  these 
lofty  situations,  (a  littie  less,  it  is  true,  than  below,)  but  some  of  the 
air  will  be  lifted  up,  by  the  expansion  of  the  air  below,  above  the 
upper  place  of  observation ;  which  would  in  all  probability  more 
thsui  compensate  the  diminished  reaction  at  moderate  elevations. 

"  This  prediction  has  heep.  entirely  verified  by  Lieutenant-Colonel 
Sykes's  observations  in  India,  and  this  verification  may  be  consi- 
dered as  a  strong  proof  of  the  correctness  of  the  theory.  It  is  quite 
probable,  that  maximum  day  fluctuation  occurs  later  at  considerable 
elevations  than  on  the  plain  below. 

"  The  theory  would  lead  us  also  to  suppose^  that  at  very  great 
elevoHoM,  where  the  reaction  is  very  minute,  only  two  fluctuations 
would  be  found  in  the  day :  the  maximum  at  about  two  o'clock  p.m., 
when  most  air  would  be  above  the  barometer ;  and  the  minimum  at 
daylight  in  the  morning,  when  least  air  would  be  above  it ;  but  I 
know  of  no  observations  to  confirm  or  refute  these  deductions." 

Mr.  Ball  brought  under  the  notice  of  the  Academy  the  fact,  that 
the  ordinary  Sturgeon  of  the  Dublin  markets  is  an  undescribed  species. 
He  stated  that  Mr.  Thompson  of  Belfast,  and  Professor  Agassiz,  con- 
curred with  him  in  this  opinion,  and  he  proposed  to  call  it  Accipen* 
eer  Thompsoni,  purposing,  if  permitted,  to  give  figures  and  full  de- 
scriptions in  a  future  number  of  the  '  Procee£ngs.' 

The  Archbishop  of  Dublin  made  some  observations  on  a  remark- 
able meteor,  lately  seen  in  different  parts  of  Britain. 

December  14. — ^Dr.  Apjohn  read  the  following  notice,  by  George 
J.  Knox,  Esq.,  of  "  some  Improvements  in  the  Voltaic  Pile." 

•*  The  chief  imperfection  in  the  voltaic  pile — ^its  want  of  a  constant 
uniform  power  of  long  duration,  by  which  it  is  rendered  almost  use- 
less as  an  instruifient  of  research — having  been  overcome  by  the 
ability  of  Professor  Daniell,  the  only  thing  tiiat  remained  to  render  it 
eflicient  seemed  to  be,  to  increase  its  power ;  a  desideratum  accom- 
plished by  Mr.  Grove,  by  substituting  for  copper  and  sulphate  of 
copper,  platinum  and  nitric  acid. 

"  The  following  experiments  were  undertaken  with  the  intention 
of  estimating  the  relative  values  of  the  different  constructions  of 
Grove's  battery,  recommended  by  Mr.  Knight  of  Foster  Lane,  as  hi 
as  respects  the  arrangement  of  the  ^inc  and  platina  plates,  when,  to 
my  surprise,  I  found  the  same  quantity  of  electricity  to  be  evolved 
when  the  zinc  is  bent  so  as  to  expose  an  opposing  surface  to  each 
surface  of  a  platinum  plate,  as  when  a  platinum  plate,  of  the  size  of 
the  former  zinc,  is  similarly  placed  with  respect  to  a  plate  of  zinc  of 
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the  same  size  as  the  former  platinum,  affording  an  oeconomical  me- 
thod of  arranging  a  Wollaston's  battery,  the  zincs  being  bent  round 
the  coppers,  in  place  of  the  coppers  round  the  zincs. 

"  Experiments  loUh  Grove's  Battery, — ^The  acid  solutions  wa«  those 
recommended  by  Mr.  Grove,  i.  e.  pure  nitric  acid,  in  contact  with 
the  platina ;  sulphuric  acid  +  4*5  water  by  measure,  in  contact  with 
the  zinc.  The  surfeces  of  zincs  immersed  were  3  by  2*5  inches ; 
those  of  the  platina,  bent  round  the  porous  vessel  holding  the  zincs, 
were  6  by  2*5  inches.  The  glasses  containing  the  acid,  &c.,  were 
3-2  inches  long,  1-5  broad,  3-5  deep.  The  length  of  the  porous 
vessel  of  pipeclay  was  2*5  inches,  the  breadth  0*3,  the  depth  3*5. 
The  number  of  alternations  was  five. 

Cttlnc  inches. 

Time,  2  minutes 80 

The  battery  being  at  rest  for  10  minutes    ....     8*0 

25  : 30 

1  hour 10 

19  hours none 

•'  The  porous  vessel  was  found  filled  with  sulphate  of  zinc,  which 
stopped  the  action  of  the  battery. 

"Second  Experiment. — ^The  zinc  plates  being  of  the  same  «ze  aa 
the  former  platina,  and  the  platina  of  the  same  size  as  the  former 
zincs;  the  zincs  bent  round  the  platina;  all  other  things  being  as  before. 

Cubic  inches. 

Time,  2  minutes 8* 

After  10  minutes 8* 

...   25 8- 

"  nird  Experiment, — Another  battery,  the  diameter  of  the  cells  of 
which  was  2^  inches,  gave  a  diminution  of  only  one-'half  of  the  quan- 
tity of  gas  after  the  lapse  oi  forty-eight  hours,  showing  the  advantage 
of  having  a  krge  supply  of  sulphuric  acid"^. 

"  Experiments  with  Smee's  Battery  of  Platimxed  St/ver.— The  acid 
solution  was  of  the  same  strength  as  before,  and  the  sizes  of  the 
zincs  and  platinized  silver  the  same  as  of  the  zincs  and  platina  for- 
merly employed.    The  zincs  were  bent  round  the  platinaf. 

Cubic  inches. 

Time,  2  minutes 3* 

After  5  minutes 2*6 

''Second  Eiperiment, ^-The  zincs  being  raised  out  of  the  acid» 
cut  in  two,  and  re-immersed. 

*  "The  porous  vessels  were  of  pipeclay*  The  same  experiments  repeat^ 
ed  with  unglazed  porcelain  gave  10  cubic  inches  in  two  minutes ;  with  very 
porous  pipeclay,  they  gave  as  much  as  15  cubic  inches  in  two  minutes, 
showing  the  importance  of  attending  to  the  nature  of  the  porous  vessel 
employed.'* 

t  **  The  roost  advantageous  method  of  arranging  a  Smee*s  battery  is, 
packing  the  zincs  and  platinized  silvers  in  the  manner  recommended  by  Dr. 
Faraday  in  his  tenth  series,  (also  by  Mr.  Young,  Pbil.  Mag.,  S.  3.  vol.  z.  p. 
241)  placing  the  package  on  supports  so  as  to  allow  the  sulphate  of  zinc  to 
fall  to  the  bottom  of  the  vessel,  while  the  fresh  acid  rises  to  the  sur&ce." 
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Cubic  inched. 

Time,  2  minutes 1*6 

.  After  5  minutes        1*6 

*' Third  ExperimenL-^The  zincs  and  platinized  silver  being  re« 
moved,  the  acid  remaining  untouched ;  the  platinized  silver  plates 
were  bent  round  the  zincs. 

Cubic  inches. 

Time,  2  minutes       2*6 

After  5  minutes .     2*4 

*'  Fourth  Experiment. — ^The  platinized  silver  cut  in  two. 

Cubic  inches. 

Time,  2  minutes       1*4 

After  5  minutes        1*4 

"  Supposing,  from  these  experiments,  the  same  quantity  of  electri- 
city to  be  developed,  whichever  of  the  opposed  surfaces  of  the  two 
metals  be  the  greater,  I  placed  in  separate  glasses  five  zinc  cylinders, 
one-inch  diameter,  immerged  eight-tenths  of  an  inch  in  the  acid ; 
platina  foil,  connected  by  binding  screws  with  the  zincs,  was  rolled 
into  cylinders  two-tenths  of  an  inch  in  diameter,  and  then  immersed 
in  pipeclay  tubes  one  inch  deep. 

Cubic  inches. 

Time,  2  minutes 1*0 

After  10  minutes 10 

"  Second  Experiment. — Platina  foil  of  the  same  size  as  the  zincs, 
and  zinc  rods  of  the  same  diameter  as  the  platina  cylinders  being 
employed,  the  effects  were  precisely  the  same. 

Cubic  inches. 

Time,  2  minutes 1*0 

After  10  minutes      •     ; .1*0 

**  Third  Experiment, — ^Tlie  ziiic  cylinders  being  made  twice  the 
diameter  of  the  former ;  the  quantity  of  gas  generated  in  two  minutes 
was  the  same  as  before ;  the  increased  number  of  lines  of  electrical  force 
compensating  the  increased  resistance  offered  by  the  acid  solution. 

"  Fourth  Experiment. — ^With  cylinders  twice  the  diameter  of  these, 
a  very  feeble  current  passed,  the  obstacle  being  too  great  to  be  over- 
come ;  by  increasing  the  diameter  of  the  porous  vessels,  and  thereby  of 
the  nitric  acid  solution,  which  is  a  good  conductor,  the  impediment  is 
diminished,  as  shown  in  experiment  fifth.  Thus  Mr.  Sinks  (Phil.  Mag., 
S.  3.  vol.  xi.  p.  68)  finds,  tiiat  in  dilute  sulphuric  acid,  the  size  of  the 
copper  compared  to  a  given  surface  of  zinc,  to  produce  a  maximum 
effect,  should  be  16,  that  of  the  zinc  to  a  given  surface  of  copper  being 
7  ;  while  in  a  galvanic  arrangement,  in  which  the  zinc  is  inmiersed  in 
dilute  sulphuric  acid  enclosed  in  a  membranous  bag,  and  the  copper 
in  a  surroimding  solution  of  sulphate  of  copper,  the  proportion  of 
zinc  to  copper  was  as  one  to  eight,  the  impediment  to  the  passage  of 
the  current  being  double  in  the  latter  case  what  it  was  in  the  former*. 

*  **  The  experiments  of  Prof.  Daniel!  have  proved,  that  in  the  constant 
betteiy,  when  the  generating  surface  formed  tne  circumference  of  the  sr- 
rangementy  the  force  was  only  the  half  of  that  evolved  when  it  fonned  the 
centre.*'— Phil.  Trans.,  vol.  czxviiL  p.  41  • 
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. "  Fifth  Experment. — ^Five  cylinders  of  zinc,  10  inches  high.  \  dia- 
meter, were  placed  in  glass  vessels  containing  sulphuric  acid,  as  be- 
fore. Into  these  were  placed  cylindrical  earthenware  vessela,  1^ 
inch  diameter,  containing  pure  nitric  acid  i  slips  of  platina  foil  were 
rolled  into  cylinders  as  before. 

Cubic  iachfls. 

Time,  2  minutes 20'0 

After  10 250 

After  30 800* 

"  From  these  data  may  be  calculated  the  heights  of  the  zinc  pipes, 
and  the  weight  of  platina  foil  required  to  obtain  any  given  decompo* 
sition,  to  be  employed,  as  shown  by  Jacobi,  either  as  a  motive  power, 
or  applied  to  light-houses,  to  the  polariscope,  or  to  the  fusion  of  re- 
fractory substances.  For  the  latter  purposes,  I  had  fixed  to  a  strong 
shallow  woolf'bottle,  two  tubes  witii  glass  cooks,  and  to  them  tubes 
containing  chloride  of  calcium,  applied  to  a  Darnell's  jet,  playing  upon 
a  cylinder  of  lime  rotated  by  clockwork.  A  third  tube  was  in- 
serted in  the  bottle,  intended  as  a  regulation  of  the  pressure,  or  a 
safety-valve,  in  case  of  explosion." 

Dr.  Apjohn  then  made  a  brief  verbal  communication  on  the  sub- 
ject of  the  composition  of  Pyrope.  This  mineral,  long  confounded 
with  garnet,  is  known  to  be  distinguished  from  it  by  containing 
chrome,  and  by  exhibiting,  not  the  dodecahedral,  but  the  hexahednd 
form.  The  best  analyses  of  it,  however,  which  are  by  Kobel  and 
Wachtmiester»  are  obviously  imperfect,  of  which  no  better  proof  can 
be  given  than  that  Oustavus  Rose,  in  his  Crystallography,  does  not 
attempt  to  give  the  formula  of  the  mineral,  but  contents  himself  with 
enumerating  the  different  oxides  of  which  it  is  composed.  Under 
these  circumstances.  Dr.  Apjohn  conceived  that  a  re-examination  of 
the  constitution  of  pyrope  would  not  be  without  interest.  He  there- 
fore undertook  its  analysis ;  and  the  result  has  been  that  he  has 
detected  in  it  yttria,  one  of  the  rarest  of  the  earths ;  one,  in  fieust, 
which  had  previously  been  known  to  exist  only  in  a  few  minerals 
of  exceeding  scarcity.  The  yttria  was  insulated  in  the  following 
manner : — 

The  mineral  being  fused  with  carbonate  of  potash,  and  the  silez 
separated  in  the  usual  way,  the  peroxide  of  iron,  alumina,  and  yttria 
were  precipitated  together  by  a  mixed  solution  of  ammonia  and  sal- 
ammoniac.  The  alumina  was  taken  up  by  caustic  potash ;  and  to 
tiie  iron  and  yttria,  dissolved  in  a  minimum  of  muriatic  acid, 
such  a  quantity  of  tartaric  acid  was  added,  that  upon  subsequently 
pouring  in  ammonia  in  excess  there  was  no  precipitate  produced. 
The  iron  was  now  removed  by  sulphuretted  hydrogen ;  and  the 
solution  evaporated  to  dryness,  and  ignited  in  a  large  platinum 

*  **The  dilute  acid  in  the  voltameter  began  to  boil ;  the  cause  of  the  m- 
crease  of  decomposition,  compared  to  what  took  place  in  the  small  cjrlin- 
der,  was  the  small  stratum  of  solphoric  acid  between  the  porous  vessel  and 
the  sine.  For  a  continuous  action,  the  zinc  pipes,  saded  at  one  end  and 
amalgamated,  should  be  connected,  by  pipes  at  top  and  bottom,  yMi  aa 
earthenware  vessel  containing  the  sulphuric  add.*' 
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cmcible,  so  as  to  Tolatilize  the  ammoniacal  salts  and  bum  away  the 
carbon  of  the  tartaric  acid,  left  the  yttria  slightly  coloured  by  oxide 
of  chrome.  From  this  latter  substance  it  is  separated,  but  not  per* 
fectly,  by  the  action  of  a  dilute  acid ;  and  by  the  addition  of  ammo* 
nia,  or  caustic  potash,  to  the  solution,  the  yttria  is  again  recovered. 
That  the  substance  thus  obtained  is  yttria,  seems  proved  by  the  fol- 
lowing considerations  :— 

It  is  separated,  though  not  completely,  from  acids  by  ammonia 
laigely  diluted  with  sal-ammoniac,  and  hence  cannot  be  one  of  the 
alkaline  earths. 

It  is  insoluble  in  potash,  and  is,  therefore,  not  alumina  or  glucina. 
.  After  ignition  it  dissolves  readily  in  dilute  acids,  and  is  hence  not 
zirconia  or  thorina.  From  zirconia  it  is  further  distinguished  by  its 
saline  solutions  being  precipitated  by  ferrocyanide  of  potassium. 

It  is  not  oxide  of  cerium,  for  it  does  not  redden  in  the  exterior 
flame  of  the  blow-pipe,  and  because  its  salts  are  not  precipitated  by 
the  sulphate  of  potash,  llie  quantity  of  the  yttria  amounts  to  at 
least  3  per  cent. 

Dr.  Apjohn  is  still  engaged  in  investigating  the  composition  of  py- 
rope ;  and  expressed  his  intention  of  bringing  his  results  on  a  future  oc- 
casion in  a  more  detailed  form  under  the  notice  of  the  Academy,  when 
he  hoped  also  to  be  able  to  assign  the  true  formula  of  the  mineral. 

Mr.  CHbborn  made  the  following  communication  on  the  subject  of 
the  Leyden  Jar  : — 

"  In  Brando's  Manual  of  Chemistry,  vol. i., 3rd  edition,  p.  76, 1  find 
it  stated,  that '  if  one  Leyden  jar  be  insulated,  with  its  internal  •ur« 
face  connected  with  the  positive  conductor,  another  jar  nu&y  be 
charged  from  its  exterior  coating ;  and  if  this  second  jar  be  insulated, 
a  third  may  be  charged  from  its  exterior  coating,  and  so  on  for  any 
number  of  jars,  provided  always  that  the  exterior  coating  of  the  last 
jar  be  connected  with  the  ground.' 

"  As  my  electrifying  machine  was  but  small,  it  occurred  to  me 
that  I  might  oeconomize  both  time  and  labour  by  constructing  a  bat- 
tery of  jars  so  arranged  that  I  should  be  able  to  take  advantage  of 
this  principle,  and  nuJce  one  jar  charge  another,  instead  of  my  being 
obli^d  to  charge  the  whole  series ;  for,  though  they  are  all  con- 
nected together,  and  charged  by  the  same  operation  in  the  common 
electric  battery,  yet  the  time  and  labour  consumed  in  charging  the 
battery  is  exactly  the  same  as  if  each  jar  were  charged  separately 
and  then  added  to  the  series.  A  great  saving  of  labour  and  time 
would  have  been  effected  had  the  arrangement  of  jars  answered,  for 
it  was  exactly  the  same  as  that  described  by  firande,  so  fsur  as  the 
charging  part  of  the  apparatus  was  concerned ;  but  when  the  jars 
were  loaded,  or  rather  should  have  been  loaded,  they  were  made  to 
turn  through  a  quadrant,  and  form  a  new  arrangement,  by  which  all 
their  outside  coatings  were  connected  together  by  a  common  conduc- 
tor. A  similar  arrangement  connected  all  their  inside  coatings,  which 
made  all  the  conditions  necessary  to  the  perfection  of  the  common 
battery ;  and  I  found  it  capable  of  being  charged  by  the  electrifying 
machine  in  this  form,  but  it  could  not  be  chuged  to  any  extent  in 
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the  other.  It  appeared  that  but  few  sparks  would  pass  from  the 
conductor  to  the  first  jar.  If  the  last  one  was  removed,  and  its  diain 
fastened  to  the  next,  the  first  jar  would  take  a  few  more  sparks,  and 
so  on ;  for  it  was  found,  that  whenever  the  last  jar  in  the  series  at  any 
time  was  removed,  the  same  results  followed ;  and  this  was  the  case 
when  the  last  but  one  was  removed,  clearly  proving  that  the  capa- 
city or  aptitude  of  the  first  jar  to  take  a  charge  was  influenced  and 
diminished  by  the  second,  more  so  b^  the  third,  fourth,  &c.  Its  apti- 
tude was  greatest  when  it  was  by  itself,  and  not  connected,  as  de- 
scribed, with  the  others. 

"  This  result  disappointed  my  expectations,  so  fieur  as  my  intended 
improvement  on  the  electric  battery  was  concerned ;  and  it  also  ap- 
peared to  point  out  the  existence  of  a  principle  influencing  the  charge 
of  the  electric  jar,  which  was  not  recognized  in  the  popular  treatises 
on  electricity.  I  procured  a  number  of  glass  plates  with  fixed  and 
moveable  coatings.  These  plates  were  insulated  and  arranged  with 
and  without  coatings  in  every  way  that  Brande's  rule  required,  but 
the  general  result  was  the  same  as  that  given  above. 

"  From  numerous  experiments  made  with  these  plates,  I  came  to 
the  following  general  conclusions  : — 

"  1 .  That  the  actual  quantity  of  the  positive  and  negative  electri- 
cities which  we  can  accumulate  in  the  opposite  surfaces  of  an  electric 
or  non-conductor,  as  a  plate  of  glass  or  dry  ice,  depends  upon  the 
distance  of  these  surfaces. 

"  2.  Every  case  of  charge  of  one  jar  or  plate  may  be  assimilated 
to  that  of  any  number  of  jars  or  plates  in  a  series  such  as  Brando's, 
by  supposing  the  one  jar  or  plate  to  be  divided  into  the  greater  num- 
ber, its  thickness  being  the  sum  of  the  thicknesses  of  all  the  segments 
or  plates ;  the  inside  of  the  first  jar  or  surface  of  first  plate  in  con- 
tact with  conductor,  and  outside  of  last  jar  or  plate  in  contact  with 
the  ground,  being  considered  as  the  proper  opposite  surfaces  of  the 
proper  plate,  and  those  on  which  the  electricities  evolved  by  the 
friction  of  the  cylinder  and  rubber  of  the  electrifying  machine  are  ac- 
cumulated or  heaped. 

"  If  we  make  a  pile  of  the  plates,  coated  or  not,  and  charge  the 
outside  surfaces  by  coating  them,  and  connecting  one  with  the  cylin- 
der and  the  other  with  the  rubber  of  the  machine,  we  find  all  the  con- 
ditions of  the  experiment  complied  with.  There  is  no  necessity  for 
any  connexion  with  the  ground,  which  in  Brande's  can  act  merdy  as 
the  conductor  to  convey  the  negative  charge  of  the  rubber  to  the  ex- 
treme surface. 

**  Let  us  now  unpack  the  pile,  and  we  find  that  the  charge  of  the 
intermediate  plates  diminishes  as  we  approximate  towards  the  centre 
of  the  pile,  being  greatest  near  the  extremes.  At  equal  distances  the 
charges  are  equd ;  for  the  charges  of  the  first  plate  but  one,  and  the 
last  but  one,  will  as  perfectly  neutralize  each  other  as  the  charges  of 
the  surfaces  of  the  first  and  last.  The  same  is  found  to  be  the  case 
with  the  surfaces  of  the  third  plates  from  each  extreme,  and  so  on  of 
the  others ;  but  it  is  not  the  case  with  a  second  and  a  third,  a  first 
and  a  fourth  plate,  and  so  on,  no  two  unejuals  as  to  place  exactly 
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nentralking  each  other.  Hence  we  may  conclude,  that  the  charge  of 
the  intermediate  jan  in  a  aeries  such  as  described  by  Brande,  though 
it  really  depends  on  inductive  agency,  is  altogether  different  from 
that  kind  he  alludes  to,  which  may  be  inferred  from  his  erroneous  re- 
presentation of  the  actual  fact ;  and  the  charge  of  the  extreme  sur* 
faces  is  immediately  the  result  of  that  action  only,  which  several 
electricians  have  cfdled  conduction,  arising  from  the  connexion  of 
these  surfaces  with  the  sources  of  the  free  electric  forces. 

"  The  fact  here  described  appears  capable  of  throwing  much  light 
on  the  corpuscular  arrangement  of  the  atoms  of  bodies  which  retain 
an  electric  charge  on  their  surfruses,  or  which,  by  a  change  of  form 
from  mechanical  pressure  or  difference  of  temperature,  exhibit  differ- 
ences of  electric  state.  In  speaking  of  a  charged  electric,  we  may 
consider  it  a  pile  of  an  infinite  number  of  plates,  each  of  which,  ex- 
cept  the  extreme  surfaces,  is  composed  of  a  surface  of  atoms,  which 
are  acted  on  by  two  sets  of  induced  electric  forces,  whose  differences, 
arising  from  their  distances  from  the  extremes,  we  discover  when  we 
split  Uie  plate,  or  if  it  be  a  pile,  when  we  separate  the  plates  from 
each  other." 


LXXIX.    Intelligence  and  Miscellaneous  Articles. 

DR.  MARTIN  BARRT  ON  THE  CORPUSCLES  OF  THE  BLOOD. 

DR.  BARRY  requests  us  to  add  the  following,  in  connexion  with 
his  paper  on  tiie  Corpuscles  of  the  Blood,  an  abstract  of  which 
is  given  at  p.  517. 

It  is  known  that  in  the  blood  there  are  found  "  colourless  glo- 
bules*' along  with  the  red  blood-discs.  Dr.  Barry  has  noticed  that  in 
certain  states  these  "  globules,"  though  pale,  are  not  without  colour. 
Of  such  "  globules "  he  has  figured  a  considerable  number  in  the 
paper  in  question,  and  cannot  distinguish  them  from  bodies  described 
by  him  in  that  paper  as  noticed  in  the  heart,  on  the  one  hand,  and 
at  the  edge  of  the  foetal  crystalline  lens,  on  the  other ;  in  both  of 
which  situations  the  bodies  in  question  are  what  he  denominates 
parent  corpuscles  of  the  blood.  At  the  edge  of  the  lens,  such  bodies 
are  represented  by  him  as  seen  discharging  discs ;  which  having  ac- 
quired red  colouring  matter,  are  no  other  than  young  blood-discs. 
These  discs  accumulate  in  such  quantity  as  to  completely  fill  certain 
dilated  and  varicose  vessels,  situated  at  the  edge  of  the  lens.  The 
discs  begin  to  exhibit  pellucid,  colourless,  and  nearly  fluid  centres. 
These  centres  enlarge,  and  in  the  same  proportion  the  surrounding 
red  colouring  matter  is  consumed ;  so  that  the  varicose  vessels  con- 
tain little  besides  the  enlarged  and  colourless  centres  of  the  discs. 
This  substance,  derived  from  red  blood-discs,  it  appears  to  be  that, 
exuding,  enters  into  the  formation  of  the  lens ;  and  now,  even  in 
the  elements  of  the  crystalline  lens,  red  colouring  matter  is  repro- 
duced. Dr.  Barry  is  unable  to  assign  a  mode  of  origin  different 
from  that  just  mentioned,  to  the  corpuscles  he  has  traced  into  other 
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structures,  or  to  the  "exudation^corpuscles"  of  authors:  and,  as 
he  shows,  the  floating  red  hlood-discs  have  their  origin  in  parent 
cells.  

COMPOSITION  OF  MELLITIC  ACID. 

M.  F.  Wcehler  obtains  this  acid  by  decomposing  the  mellitate  of 
lead  or  of  silver ;  the  first  by  hydrosulphuric  and  the  last  by  hy- 
drochloric acid,  any  excess  of  the  latter  being  separated  by  evapo- 
ration. MeUitic  acid  is  very  soluble,  and  crystallizes  from  a  concen- 
trated solution  in  small  reticulated  crystalline  needles  of  a  silky 
lustre.  This  acid  suffers  no  change  by  exposure  to  the  air ;  it  has 
a  strongly  acid  taste,  fuses  when  heated,  and  bums  in  the  air  with 
a  brilliant  sooty  flame,  with  an  aromatic  smell,  and  yielding  a  great 
quantity  of  carbon,  without  leaving  any  residue.  When  heated  in  a 
retort  a  portion  is  volatilized  without  decomposition,  but  the  larger 
proportion  is  completely  decomposed.  Crystallized  mellitic  add 
does  not  yield  water  till  heated  to  nearly  400°  Fahr. 

It  is  composed  of  nearly — 


Carbon . . . 

.    42-38  or  4  equivalents 

Oxygen. .  . 

.    41-21  ..3      .... 

Water   ... 

.    16-41  ..1      ..., 

100- 


rinstitut.  No.  383. 


SALTS  OF  LEAD  CONTAINING  ACIDS  OF  OXYOEN  AND  AZOTE. 

M.  Peligot  has  re-examined  the  salts  of  lead  which  contain  the 
acids  formed  by  oxygen  and  azote.  He  observes  that  Proust,  about 
thirty  years  since,  first  obtained  the  yellow  salt  of  lead  by  dissolving 
metallic  lead  in  solution  of  the  nitrate.  He  was  of  opinion  that  the 
salt  contained  a  suboxide  of  lead.  It  was  however  shown  by  Ber- 
zelius,  that  the  lead  was  dissolved,  not  by  reducing  the  oxide  of  lead 
to  a  lower  state  of  oxidizement,  but  at  the  expense  of  the  nitric  acid. 
The  subnitrite  which  contains  the  least  of  oxide  of  lead,  was  found 
both  by  Berzelius  and  Chevreul  to  consist  of 

Acid  and  water 20 

Oxide     80 

100 

The  subnitrite  containing  most  lead  was  found  to  consist  of 

Berzelius.       Chevreul. 

Acid 10-175  9-9 

Oxide   89-825  90-1 

100-  100- 

M.  Chevreul  showed, however,  that  notwithstanding  this  agreement 
in  the  analyses,  the  nitrites  which  he  had  prepared  were  different 
from  those  of  Berzelius.  Thus  the  latter  found  no  water  in  the  ni- 
trite containing  most  oxide,  while  Chevreul  did.  Berzelius  says, 
that  this  salt  crystallizes  in  small  scales  of  a  brick-red  colour ;  while 
that  obtained  by  Chevreul  was  in  scales  of  a  flesh-colour,  &c. 
In  experimenting  on  these  compounds,  M.  Peligot  generally  agreed 
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vith  Berzelius  and  Chevreul  aa  to  the  oxide  of  lead ;  but  he  is  of 
opinion  that  these  salts,  of  which  he  finds  there  are  three,  contain 
nitrous  acid,  formed,  according  to  the  experiments  of  Dulong,  of 
two  volumes  of  azote  and  4  volumes  of  oxygen,  and  is  prepared  by 
the  decomposition  of  nitrate  of  lead. 

Ilie  salt  discovered  by  Proust  is  prepared  by  dissolving  an  equiva- 
lent of  neutral  nitrate  of  lead,  1 66,  in  about  fifteen  times  its  weight 
of  water,  and  putting  into  it  an  equivalent  of  lead,  104,  in  very  thin 
plates,  when  heated  to  about  140°  to  155°  F.  If  more  lead  be  used 
the  orange  salt  is  formed,  if  less,  dinitrate  of  lead  is  obtained 
with  the  yellow  nitrite ;  if  the  heat  be  not  greater  than  above  stated, 
no  nitric  oxide  gas  is  formed. 

The  results  of  the  analyses  of  this  salt  are  given  by  M.  Peligot  as 
under : — 

Az         17704        5-0 

O*  40000        11-7 

2PbO 278900         801 

HO       112-50         3-2 

3478-54  100- 

Converting  these  into  English  equivalents,  this  salt  is  composed 
of  nearly — 

One  equivalent  of  nitrous  acid 46     ....      16*5 

Two        ...          protoxide  of  lead  ....    224     ....      802 
One  ...  water , 9     ....        3*3 

279  100- 

The  next  salt  examined  by  M.  Peligot  was  the  orange-red  com' 
pound.  It  is  prepared  by  boiliug  one  equivalent  of  nitrate  of  lead 
with  one  and  a  hsdf  of  lead.  The  composition  of  this  salt  is  stated 
to  be — 

Az«  3540         81 

08  8000        7-3 

7PbO     9761-5         86-7 

3H0      337-5         ^2^ 

11253-  100' 

English  equivalents  will  give 

Two  equivalents  of  nitrous  acid 92     ....      10*2 

Seven        ...        protoxide  of  lead  . .   784    86*9 

Three        . . .         water    _27^    29 

903  100* 

This  salt  may  also  be  procured  by  boiling  a  solution  of  the  yellow 
nitrite  with  protoxide  of  lead. 

The  last  salt  analysed  by  M.  Peligot  is  very  sparingly  soluble  in 
water,  10,000  parts  at  common  tempe'rat\ires  dissolving  only  eight 
parts,  which  are  taken  up  by  290  parts  of  boiling  water.  In  order 
to  form  this  salt,  the  lead  must  be  boiled  in  very  dilute  solutions  of 
the  nitrate.  When  the  water  holding  it  in  solution  is  quickly  cool- 
ed, this  salt  ptecipitates  in  the  state  of  a  white  powder,  whereas,  by 
slowly  cooling,  silky  crystals  of  a  light  rose-red  are  obtained,  re- 
sembling carbazotate  of  ammonia. 
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This  salt,  according  to  M.  Peligot,  consists  of 

Az            1770         2-8 

05             300-0         50 

4PbO      55780        904 

HO           112-5         1-8 


6167-5  100- 

and  he  calls  it  a  basic  nitrite  of  lead,  as  determined  by  Berzelius 
and  Chevreul. 

Considered  as  a  sub-hyponitrite  of  lead,  its  composition  will  be 
nearly — 

One  equivalent  of  hyponitrous  acid . .     38  7*7 

Four  equivalents  of  protoxide  of  lead  448  90*5 

One  equivalent  of  water 9  1*8 

495         100- 
Ann,  de  Ckim.  et  de  Phys.,  Mai  1841. 


INQUIRY  RESPECTING  A  MS.  AT  OXFORD,  REFERRED  TO  BY 
MR.  RUTHERFORD  IN  HIS  PAPER  ON  THE  RATIO  OF  THE 
DIAMETER  OF  A  CIRCLE  TO  ITS  CIRCUMFERENCE.  BT  J.  O. 
HALLIWELL,  ESQ.,  M.A.,  F.R.S. 

To  the  Editors  of  the  Philosophical  Magazine. 
GBNTLBirsy, 

In  an  interesting  paper  by  Mr.  Rutherford  on  the  ratio  of  the  dia- 
meter  of  a  circle  to  its  circumference,  just  printed  in  the  Phil.  Trans.*, 
a  reference  is  made  to  a  manuscript  at  Oxford,  in  which  the  numerical 
approximation  is  carried  as  far  as  152  places  of  decimals,  but  no  press- 
mark is  g^ven  to  the  manuscript ;  and,  after  a  careful  search  through 
all  the  printed  catalogues,  I  have  not  been  able  to  find  an  account  of 
any  manuscript  at  all  likely  to  contain  such  a  calculation.  There 
are  very  few  scientific  manuscripts  in  the  Bodleian  Library  of  a  later 
date  than  the  fifteenth  century,  and  it  is  quite  impossible  that  the 
approximation  could  have  been  carried  so  far  at  that  early  period. 
If  Mr.  Rutherford  possesses  a  reference  to  the  manuscript  in  ques- 
tion, or  any  clue  to  it,  he  would  confer  an  obligation  on  me,  and  I 
have  little  doubt  on  many  others,  if  he  would  kindly  communicate  it 
to  your  Magazine,  and  it  is  very  probable  the  manuscript  may  con- 
tain other  matters  worthy  of  notice.  At  all  events,  it  would  be  sa- 
Usfiictory  to  ascertain  the  date  of  the  manuscript. 

I  am.  Gentlemen,  your  obedient  servant, 

Dec.  17th.  J.  O.  Halliwsi«l. 

*  [Of  which  an  abstract  will  be  found  at  p.  561  of  the  preceding  volume. 
— Edit.] 
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Acids  :—<innamic,  action  of  peroxide  of 
lead  on,  38 ;  mellitic,  41, 598 ;  euchronic, 
43;  nitro-naphthalic,  46;  campholic, 
47 ;  bromic,  48 ;  hydrobromic  and  hy- 
driodic  acids,  92 ;  nitro-saccharic,  94 ; 
experiments  with  muriatic,  181  ;  ni- 
trous and  hyponitrous  salts  of  lead 
formed  by,  186;  chrysanilic,  191 ;  an- 
thranilic,  192;  catechinic  and  pyroca- 
techinic,  194;  chlorindoptenic,  ib. ;  sul- 
phuric, 251,  327,  502 ;  nitric,  252, 327  $  ^ 
prussic,  281 ;  malic,  306 ;  hydrochloric, 
328  ;  lactic,  333 ;  carbonic,343 ;  guaiaic, 
413;  sucdno-hyposulphuric,  447;  ac- 
tion of  sulphuric,  on  protomilphate  of 
iron,  502 ;  acid  cyanurate  of  potash,  517, 

Aden,  on  the  geology  of,  174. 

.£ther,  formic,  preparation  of,  334  ;  per- 
chloric, 370. 

.£thule,  perchlorate  of  the  oxide  of,  370. 

JEthjly  fumarate  of  oxide  of,  313. 

Africa,  western  coast  of,  spontaneous  evo  • 
lution  of  sulphuretted  hydrogen  in  the 
waters  of  the,  1,  S. 

Agates,  moss,  on,  542. 

Air,  resistance  of  the,  to  an  oscillating 
sphere,  63, 143  ;  new  method  of  Investi- 
gating the,  229  ;  composition  of,  344. 

Air-pump,  on  an  improvement  in  the,  59. 

Airy  (Q.  B.)  on  the  resistance  of  the  air 
to  an  oscillating  sphere,  63,  143,  229  ; 
on  a  remarkable  magnetic  disturbance 
recently  observed  at  Greenwich,  505. 

Algebraic  fractions,  calculations  of  loga- 
rithms by  means  of,  479. 

Alkalies  and  earths,  double  cyanurets  of 
zinc  with,  282. 

Alum,  on  a  new,  93. 

Ammonia,  action  of  high  temperature  on 
raellitate  of,  41 ;   of  sulphuric  acid  on 
nitrate  of,  251 ;  action  of,  on  glowing  « 
charcoal,  281 ;  composition  of,  344. 

Andrews  (Dr.)  on  the  heat  developed 
during  the  combinations  of  acids  and 
bases,  183. 

Anhydrite,  form  and  optical  constants  of, 
177. 

AniUn,  on,  191. 

Animal  tissues,  non-vascularity  of  cer- 
tkin,  160. 

Animals,  mammiferous,  on  the  ova  of,  240. 

Antarctic  expedition,  geological  specimens, 
birds  .and  plants  collected  on  the,  157  ; 
meteorological  observations,  ib. 

Anthranilic  acid,  192. 
Phil.  Mag.  S.  3.  Vol.  19.  No.  127. 


Antimony,  action  of  copper  on,  481. 

Apjohn  (Dr.)  on  the  composition  of  py- 
rope,  594. 

Armstrong  (W.  Q.)  on  the  electricity  of 
effluent  steam,  25. 

Arragonite,  on  a  specimen  of  artificial, 
330;  analysis  of,  331. 

Arsenio-sulphurets,  on,  283. 

Astronomical  Society,  proceedings  of 
the,  241,  325,  547  ;  21st  General  An- 
nual Meeting,  544 ;  address  of  the  Pre- 
sident, 562. 

Atmosphere,  analysis  of  the,  from  some 
of  the  Cornish  mines,  359. 

Aurora  borealis,  on  the,  579. 

Austin  (Thos.)  on  the  elevation  of  land  on , 
the  shores  of  Waterford  Haven,  and  geo- 
logical structure  of  the  district,  318. 

Asote,  exhalation  of,  by  animals,  463 ;  ex- 
istence of,  in  plants,  459. 

Bailey  (T.)  on  the  gravel  deposits  in  the 
neighbourhood  of  Basfbrd,  525. 

Baily's  (Mr.),  postscript  to  his  report  on 
Maclear*s  pendulum  experiments,  243. 

Ball  (Bfr.)  on  the  sturgeon  of  the  Dublin 
markets,  591. 

Balliuvalley,  discovery  of  gold  at,  28. 

Barometer,  on  the'course  of  the  diurnal 
fluctuations  of  the,  590. 

Barry  (Dr.  Martin)  on  the  corpuscles  of 
the  blood,  partiii.  517,  597. 

Barytes,  malate  of,  312. 

Bas  Boulonnais,  geological  structure  of  the, 
321. 

Basford,  on  the  gravel  deposits  in  the 
neighbourhood  of,  525. 

Beard's  patent  for  improvements  in  appa- 
ratus for  obtaining  likenesses  and  re- 
presentations of  nature,  &c.,  notice  of, 
405. 

Benzoyl  compounds,  on  some,  449. 

Berxelius  (Baron)  on  a  new  method  of 
determining  nitrogen,  278. 

Biaxal  crystals,  form  of  the  black  cross 
in,  305. 

Binary  star,  on  a  new,  241. 

Birt  ( W.  R.)  on  a  paraselene  witnessed  on 
May  6,  1841,  50. 

Bismuth,  action  of  copper  on,  482. 

Blood,  on  the  corpuscles  of  the,  517,  597. 

Booth  (Prof.)  on  a  new  theorem  in  the 
calculus  of  finite  differences,  125  ;  on  a 
statement  in  the  Traiti  de  Mecanique 
of  Poisson,  287 ;  on  the  rotation  of  a 
rigid  body  round  a  fixed  point,  432. 
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Boulder  depodtB  near  Glasgow,  528. 

Bouningault  (M.)  on  nitro-saccharie  add, 
94 ;  on  the  composition  of  sugar  of  ge- 
latin, 253. 

Bowerbank  (J.  S.)  on  moss  agates  and 
other  siliceous  boiUes,  542. 

Bowman  (J.  E.)  on  the  question,  Whether 
there  are  any  evidences  of  the  former 
existence  of  glaciers  in  N.  Wales,  469. 

Boye  (M.  H.)  on  perchloric  aether,  370. 

Brain  of  man,  composition  of  the,  411. 

Brayley*s  (E.  W.)  lectures  on  igneous 
meteors  and  meteorites,  500. 

Bremicker's  comet,  places  of,  32  7;  obser- 
vations on,  677. 

Brett  (R.  H.)  on  the  alleged  conversion  of 
carbon  into  silicon^  295,  388. 

Brewster  (Sir  D.)  on  the  compensations  of 
polarized  light,  with  description  of  a 
polarimeter,  158  ;  on  the  structure  and 
optical  characters  of  BuUnut  velatus, 
and  other  land  shells,  from  the  Philip- 
pine islands*  403. 
*  Broderip  (W.  J.)  on  optical  phanomena 
exhibited  by  shells,  403. 

Bromic  acid,  and.its  salts,  48. 

Brown  (Dr.  S.  M.)  on  the  alleged  conver- 
sion of  carbon  into  silicon,  388. 

Buckland  ^Rev .  Prof.)  on  the  agency  of 
land-snails  in  corroding  and  making 
deep  excavations  in  compact  limestone 
rocks,  541. 
.  BuUnus  velatus,  on  the,  403. 

Burr  (F.)  on  the  geology  of  Aden,  174. 

Cadmium,  analysis  of,*  100. 

Cahours  (M.)  on  the  aethereal  oils,  189. 

Calculus  of  finite  differences,  new  theorem 
in  the,  125. 

Callond  (M.),  on  the  action  of  sulphuric 
acid  on  protosulphate  of  iron,  502. 

Calotype  photogenic  drawing,  88. 

Campbell  (R.  C.)  on  the  ferrocyanides,513. 

Camphor,  action  of  potassa  on,  47. 

Cap  (M.)  on  lactate  of  urea  in  urine, 
253. 

Cape  Town,  on  the  geological  phenomena 
in  the  vicinity  of,  531. 

Carbon^  atomic  weight  of,  210,  332;  al- 
leged conversion  of,  into  silicon,  295, 
388  ;  existence  of,  in  plants,  456. 

Carbonic  acid,  composition  of,  343. 

Chalk  formation,  fossil  remains  of  turties 
in  the,  157. 

Challis  (Rev.  Pro£)  on  the  resistance  of 
the  air  to  an  oscillating  sphere,  63,  229 ; 
G.  B.  Airy's  reply  to,  143. 

Charcoal,  action  of  ammonia  on,  281. 

Cheirotherium,  on  the  genus,  394. 

Chemical  combination,  quantity  of  heat 
evolved  in,  19,  178. 

Chemical  rays  of  light,  polarization  of 
the,  52. 


Chemical  Society  of  London,  328. 

Chemical  statics  of  organized  beings,  on 
the,  337, 456. 

Chemistry  : — on  tiie  spontaneous  evolu- 
tion of  sulphuretted  hydrogen  in  the 
waters  on  the  western  coast  of  Africa, 
1,  8  ;  on  the  decomposition  of  aul- 
phates  by  vegetable  matter,  11,235; 
on  the  quantity  of  heat  evolved  in  che- 
mical combination,  19,  178,  183 ;  ac- 
tion of  peroxide  of  lead  on  cinnamic 
acid  and  salicine,  38 ;  action  of  high 
temperature  on  mellitate  of  ammonia, 
4 1 ;  products  of  the  action  of  nitric  acid 
on  naphthalin,  45 ;  action  of  potaasa 
on  camphor,  47 ;  composition  of  guano, 
49  ;  process  for  obtaining  hydrobromic 
and  hydriodic  adds,  92;  on  a  new 
alum,  93 ;  on  the  supposed  hydrate  of 
phosphorus,  93;  on  some  electro-nt- 
trogureu,  97 ;  analyses  of  cadmium 
and  copper,  100  $  experiments  with 
muriatic  acid,  181 ;  preparation  of  urea, 
184;  arseniuretted  hydrogen, ,  1 85  ; 
salts  of  lead  formed  by  nitrous  and  hy- 
ponitrous  adds,  186 ;  oil  of  turpentine, 
187  ;  on  the  ssthereal  oils,  189;  crnni- 
nol,  ib, ;  cymen  and  retynil,  190  ;  ac- 
tion of  potassa  on  indigo-blue,  191 ;  on 
the  products  of  the  decomposition  of 
chloride  and  bichloride  of  isatin,  193 ; 
on  catechin  and  pyrocatechin,  194;  on 
the  atomic  weight  of  carbon,  210,  332; 
Urtrate  of  lead,  226 ;  on  the  produc- 
tion of  sulphuretted  hydrogen,  235  ;  on 
the  action  of  sulphuric  add  on  nitrate 
of  ammonia,  251 ;  preparation,  of  azotic 
gas,  252 ;  new  mode  of  concentrating 
nitric  acid,  253 ;  composition  of  the 
sugar  of  gelatin,  ib, ;  lactate  of  urea  in 
urine,  ib, ;  new  method  of  detennin- 
ing  nitrogen,  278 ;  nitrurets,  ib, ;  action 
of  ammonia  on  glowing  charcoal,  28 1 ; 
new  mode  of  forming  prussic  add,  ib. ; 
double  cyanurets  of  zinc,  282 ;  on  the 
stibio-  and  arsenio-sulphurets,  283, 284 ; 
on  the  conversion  of  carbon  into  silicon, 
295,  388 ;  malic  add  and  the  malates, 
806;  fumaramide,  313;  on  a  new  me- 
thod of  preparing  hydrochloric  add, 
328  ;  mode  of  analyses  of  copper  oiet, 
330;  on  artificial  arragonite,  J5. ;  sili- 
dfication  of  limestones,  332 ;  lactic 
acid  and  lactates,  333 ;  preparation  of 
formic  aether,  334 ;  of  iodate  of  potash, 
ib, ;  on  the  chemical  sUtics  of  oigaiiised 
beings,  337  ;  composition  of  water,  343 ; 
of  carbonic  add,  343;  of  ammonia,  344; 
of  air,  ib, ;  on  the  atmosphere  of  mines, 
357  ;  on  perchloric  Bther,  370 ;  paracy- 
anogen,  391 :  composition  of  the  brain 
of  man,  41 1 ;  on  the  action  of  peroxide 
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of  iron  on  potash,  412 ;  preparation  of 
guaiaic  acid,  413;  conversion  of  bisul- 
phuret  of  copper  into  the  sulphuret  by 
electricity,  442 ;  succino-hyposulphuric 
acid,  447  ;  on  benzoyl  compounds,  449 ; 
,  compounds  of  cyanogen  with  sulphuret- 
ted hydrogen,  449 ;  on  the  formation  of 
murexid,  452 ;  existence  of  carbon,  hy- 
drogen, and  azote,  in  plants,459 ;  on  the 
action  of  metallic  copper  on  solutions, 
480;  of  copper  on  antimony,  481;  on 
tin,  leady  bismuth,  mercury,  and  silver, 
482 ;  of  sulphuric  acid  on  protosulphate 
of  iron,  502 ;  on  the  strength  of  pyrozy- 
lic  spirit,  511 ;  on  ferrocyanides,  513. 

Chevalier  (M.)  on  a  dioptric  telescope, 
and  of  a  micrometrical  lunette,  578. 

Cinnamic  acid,  action  of  peroxide  of  lead 
on,  38. 

Circles,  method  of  dividing,  325. 

Clarke  (Hev.  W.  B.)  on  the  geological 
phaenomena  in  the  vicinity  of  Cape 
Town,  531. 

Claudet  (A.)  on  a  new  mode  of  prepara- 
tion of  the  Daguerreotype  plates,  167. 

Clibborn  (Mr.)  on  the  Leyden  jar,  595. 

Comet,  Bremicker's,  places  o{,  327 ;  ob- 
servations on,  577. 

Constellations,  on  a  reformation  of  the, 
571,  582. 

Copper,  analysis  of,  100;  acid  malate  of, 
312;  ores,  assay  of,  330;  conversion 
of  bisulphuret  of,  into  sulphuret,  442  ; 
action  of  metallic,  on  solutions,  with 
reference  to  the  detection  ofarsenic,4S0. 

Cornwall,  electric  conditions  of  the  rocka 
and  metalliferous  veins  of  certain  mines 
in,  483. 

Craig  (Mr.)  on  the  boulder  deposits  near 
Glasgow,  528. 

Creasote,  41 ;  analysis  of,  ib. 

Croft  and  Francis's  notices  of  the  investi- 
gations of  continental  chemists,41, 184, 
278,  447. 

Crosse  (Mr.)  on  the  perforation  of  non- 
conducting substances  by  the  mechani* 
cal  action  of  the  electric  fluid,  245. 

Crystal,  uniaxal,  on  a  thin  lens  o^  289 ; 
form  of  the  black  cross  in  biazal,  305. 

Cumulus  cloud,  formation  of  the,  135. 

Cyanogen,  compounds  of,  with  sulphu- 
retted hydrogen,  449. 

Cyanurets  of  zinc,  double,  with  alkalicf 
and  earths,  282. 

Daguerreotype  plates,  new  mode  of  pre- 
paration of  the,  1U7 ;  voltaic  process 
for  etching,  247. 

Daguerreotypes,  observations  on  the,  196. 

Daniell  (Prof.)  on  the  spontaneous  evolu- 
tion of  sulphuretted  hydrogen  in  the 
waters  of  the  western  coast  of  Africa, 
and  of  other  localities,  1. 


Darwin  (C.)  on  a  remarkable  bar  of  sand- 
stone off  Pernambuco,  257;  on  the 
distribution  of  the  erratic  boulders,  and 
on  the  contemporaneous  unstratified 
deposits  of  South  America,  536. 

Dawes  (Rev.  W.  R.)  on  a  new  binary  star, 
241 ;  on  Bremicker's  comet,  327,  577. 

Degree,  on  Fernel's  measure  of  a,  445. 

Delalande  (M.)  on  the  action  of  potassa 
on  camphor,  47. 

De  Morgan  (ProC)  on  FemeVs  measure  of 
a  degree,  445. 

DevUle  (M.)  on  oil  of  turpentine,  187. 

Diffraction,  on  phaenomena  of,  151. 

Disc,  circular,  on  the  pbasnomena  of  dif- 
fraction in  the  shadow  of  a,  153. 

Dulong(M.)on  the  quantity  of  heat  evolved 
in  chemical  combination,  19, 178. 

Dumas  (M.)  on  the  chemical  statics  of  or- 
ganized beings,  337,  456. 

Durocher  (M.)  on  the  polished  rocks  of 
FonUinbleau,  409. 

Draper  (Dr.)  on  some  analogies  between 
the  phsenomena  of  the  chemical  rays,' 
and  those  of  radiant  heat,  195. 

Egerton  (Sir  P.  G.,  Bart)  on  the  occur- 
rence of  triassic  fishes  in  British  strata, 
522. 

Electric  and  nervous  influences,  analogy 
between  the  phaenomena  of  the,  31. 

Electric  fluid,  perforation  of  non-conduc- 
tors by  the  mechanical  actionof  the,245. 

Electric  thermometer,  on  an,  391. 

Electrical  apparatus,  on  an  atmospheric, 
246. 

Electrical  Society  of  London,  87,  245, 
327,  404. 

Electricity :— of  effluent  steam,  25,  88 ; 
perforation  of  non-conductors  by  the 
mechanical  action  o^  245 ;  the  effects 
of  vegetable  points  on  free,  ib, ;  heat 
evolved  by  metallic  conductors  o^  260 ; 
experiments  in,  374 ;  conversion  of  the 
bisulphuret  of  copper  into  the  sulphuret 

•  by,  443. 

Electro-gilding  and  electro-plating,  328. 

Electrolysis,  heat  evolved  during,  265. 

Electro-magnetic  machine,  on  a  new,  246. 

Electro-metallurgy,  452. 

Electro-nitrogurets,  97. 

Electrotype  manipulation,  246. 

Elements  of  Chemistry,  noticed,  237. 

Erdmann  (M.)  on  the  products  of  the  de- 
composition of  chloride  and  bichloride 
of  isatin,  192. 

Espy  (J.  P.)  on  the  course  of  the  diurnal 
fluctuations  of  the  barometer,  590. 

Essay  on  Single  Vision,  noticed,  86. 

Euchronic  acid,  43. 

Everest  (Lieul.-Col.)  on  a  method  of  di- 
viding one  circle  by  copying  from  ano- 
ther previously  divided,  325. 
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Exiey  (T.)  on  a  new  theory  of  phy8ics,519. 

FViraday  (Prof.)  on  some  supposed  forms 
of  lightning,  104. 

Fehling  (M.)  on  succino-sulphuric  acid, 
447. 

Fernel's  measure  of  a  degree,  on  the  hi- 
story of,  445. 

Ferrall  (J.  M.)  on  the  anatomy  and  physi- 
ology of  certain  structures  in  the  orbit, 
163. 

Ferrocyanides,  on  the,  513. 

Finland,  on  furrowed  rocks  in,  524. 

Fishes,  triassic,  on  the  occurrence  of,  in 
British  strata,  522. 

Fontainbleau,  polished  rocks  of,  409. 

Forbes  (Prof.),  researches  on  heat;  fourth 
series,  69,  109. 

Fossils: — freshwater,  fishes  of  Mundes- 
ley,  320  ;  section  and  list  of,  from  the 
state  of  New  York,  530. 

Francis  and  Croft's  notices  of  the  inves- 
tigations of  continental  chemists,  41, 
184,  278,  447. 

Franz(Dr.)  on  a  case  of  restored  vision,  156. 

Fremy  (M.)  on  the  composition  of  the 
brain  of  man,  411 ;  on  the  action  of 
peroxide  of  iron  on  potash,  412. 

Fresnel's  wave,  mode  of  deducing  the 
equation  of,  381. 

Fritzsche  (M.)  on  the  action  of  potassa 
on  indigo-blue,  191. 

Galloway  (Mr.)  on  the  present  state  of  our 
knowledge  relative  to  shooting  stars, 
547. 

Ganglia,  nervous,  of  the  uterus,  487. 

Gas,  preparation  of  azotic,  252. 

Gassiot  (J.  P.)  on  certain  phsnomena  con- 
nected with  the  spark  from  a  secondary 
coil,  328. 
Gelatin,  sugar  of,  composition  of,  253. 

Geological  Society,  proceedings  of  the, 
168,315,394,489,522. 

Geology : — on  the  fossil  remains  of  turtles 
in  the  chalk  formation,  157 ;  on  the  re- 
lative connection  of  the  eastern  and 
western  chalk  denudations,  168 ;  on 
the  illustration  of  geological  phaeno- 
mena  by  means  of  models,  170 ;  on  the 
geology  of  the  island  of  Madeira,  170 ; 
on  the  geology  of  Aden,  174 ;  on  a  re- 
markable bar  of  sandstone  off  Pemam- 
buco,  257 ;  on  the  teeth  of  the  Laby- 
rintkodon  f^om  the  German  keuper  and 
sandstone  of  Warwick  and  Leamington, 
315,  394 ;  on  the  elevation  of  the  land 
on  the  shores  of  Waterford  Haven,  dur- 
ing the  human  period,  318;  on  the 
freshwater  fossil  fishes  of  Mnndesley, 
320 ;  on  the  geological  structure  of  the 
wealden  district,  and  of  the  Bas  Bou- 
lonnais,  321 ;  on  the  polished  rocks  of 
Fontainbleau,  409;  on  the  geological 


structure  of  parts  of  Russia,  417,  4S9 ; 
on  the  question,  Whether  there  are  any 
evidences  of  the  former  existence  of 
glaciers  in  North  Wales,  469  ;  on  the 
electric  condition  of  the  rocks  and  me- 
talliferous veins  of  mines  in  Cornwall, 
483  ;  on  the  occurrence  of  triassic  fishes 
in  British  strata,  522;  on  furrowed 
rocks  in  Finland,  524 ;  on  the  gravel 
deposits  in  the  neighbourhood  of  Baa- 
ford,  525 ;  account  of  a  boring  in  search 
of  water  at  Longfleet,  near  Poole,  526 ; 
on  the  boulder  deposits  near  Glasgow, 
528 :  on  fossils  from  the  state  of  New 
York,  530 ;  on  the  geological  phseno- 
mena  in  the  vicinity  of  Cs^  Town, 
531 ;  on  the  distribution  of  erratic 
boulders,  and  on  the  contemporaneous 
unstratified  deposits  of  South  America, 
536 ;  on  the  agency  of  land-snaila  in 
corroding  and  making  deep  excavations 
in  compact  limestone  rocks,  541;  on 
moss  agates  and  other  siliceous  bodies, 
542. 

Gerhardt  (M.)  on  the  eethereal  oils,  189. 

Gillies  (J.  Melville)  on  transito  and  oc- 
cultations  observed  at  Washington,  326. 

Glaciers,  if  any  evidence  of  the  existence 
of,  in  North  Wales,  469. 

Glasgow,  on  the  boulder  deposits  near, 
528. 

Glashier  (Mr.)  on  the  correction  of  the 
elements  of  Uie  orbit  of  Venus,  575. 

Glover  (Dr.  R.  M.)  on  obtaining  the  by- 
drobromic  and  hydriodic  adds,  92. 

Greenwich,  on  a  remarkable  magnetic 
disturbance  observed  at,  505. 

Gregory  (Dr.)  on  a  cheap  and  simple 
method  of  preparing  hydrochloric  add 
absolutely  pure,  328. 

Grove  (Pro£)  on  the  electridty  of  efflu- 
ent steam,  88. 

Grove  (W.  R.)  on  some  electro-oitro- 
gurets,  97  ;  on  a  voltaic  process  for 
etching  Daguerreotype  plates,  247. 

Grove's  battery,  experiments  with  a,  846. 

Guaiaic  add,  preparation  of,  413. 

Guano,  composition  of,  49. 

Gymnotus,  electrical  efi^ts  of  the,  404. 

Hagen  (Dr.)  on  malic  add,  and  the 
changes  undergone  by  its  salts  at  hi^ 
temperatures,  306. 

Halliwell  (J.  O.)  on  a  MS.  referred  to  by 
Mr.  Rutherford,  600. 

Hamilton  (Sir  W.  R.)  on  the  focal  lengths 
and  aberrations  of  a  thin  lens  of  uni- 
axal  crystal,  bounded  by  surfaces  which 
are  of  revolution  about  ita  axis,  289 ; 
on  a.  mode  of  deducing  die  equation  of 
Fresnel's  wave,  381. 

Hare  (C.)  on  perchloric  aether,  370. 

Hare  (Dr.)  on  the  theory  of  storms,  493. 
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Heat  :•>— quantity  of,  evolved  in  chemical 
combination,  19,  178 ;  in  combustion 
of  various  substances,  20 ;  researches 
on,  69,  109;  effect  of  the  mechanical 
texture  of  screens  on  the  immediate 
transmission  of  radiant,  69  ;  on  lamin- 
ated and  smoked  sur&ces,  ib, ;  on  rough 
surfiMes,  76;  on  metallic  and  other 
gratings,  112;  on  powdered  surfaces, 
114 ;  transmission  of,  through  metallic 
powders,  118;  non-metallic,  121;  on 
the  analogfes  between  the  chemical 
rays  and  radiant,  195 ;  on  the  nature 
of  the  change  of  colour  of  bodies  by, 
246 ;  heat  evolved  by  metallic  conduct* 
ortf  of  electricity,  260 ;  during  electro- 
lysis, 265. 

Henry  (M.)  on  lactateof  urea  in  urine,25S. 

Uenwood  (W.  J.)  on  the  temperature  of 
most  effective  condensation  (of  steam), 
60 ;  on  the  electric  conditions  of  the 
rocks  and  metalliferous  veins  of  Long- 
close  and  Rosewall  Hill  Mines  in  Corn- 
wall, 483. 

llerschel  (Sir  J.  F.  W.,  Bart)  on  the  ad- 
vantages to  be  attained  by  a  revision 
and  rearrangement  of  the  constellations, 
582. 

Hess  (M.)  onthe  quantity  of  heat  evolved 
in  diemical  combination,  19,  178. 

Hill  (B.)  on  a  new  electro-magnetic  ma- 
chine, 246. 

Hopkins  (T.)  on  the  formation  of  the  cu- 
mulus cloud,  135.  ^ 

Hopkins,  ( W.)  on  the  geological  structure 
of  the  Wealden  district,  and  of  the  Baa 
Boulonnais,  321. 

Hunt  (R.)  on  the  conversion  of  the  bi- 
sulphuret  of  copper  into  the  sulpburet 
by  electricity,  442. 

Hydriodic  and  hydrobromic  acids,  proceea 
for  obtaining,  92. 

Hydrochloric  acid,  method  of  preparing 
it  pare,  328. 

Hydrogen, sulphuretted, spontaneous  evo- 
lution of,  in  the  waters  of  the  ocean,  1, 8 ; 
arseniuretted,  185;  atomic  weight  of, 
220 ;  on  the  production  of  sulphuretted, 
235  ;  on  the  compounds  of  cyanogen 
with,  449 ;  on  the  existence  of,  in  plants, 
459. 

Indigo-blue,  action  of  potassa  on,  191. 

Indopten,  chloruretted  chloride  of,  194. 

Ireland,  existence  of  tin  ore  in,  27 ;  of 
gold,  28. 

Irish  Academy,  Royal,  proceedings  of  the, 
247,  584. 

Iron,  action  of  peroxide  of,  on  potash,  412  ; 
action  of  sulphuric  add  on  protosulphate 
of,  502. 

Isatin,  products  of  the  decomposition  of 
chloride  and  bichloride  of,  192. 


Jacob!  (M.)  on  the  comparative  measure 
of  the  action  of  two  voltaic  pairs,  of 
M.  Becquerel,  87. 

J.  E.  on  a  theorem  given  In  the  PhiL 
Mag.  for  August,  380  ;  solution  of  a  ge- 
ometrical problem  on  the  form  of  the 
black  cross  in  biaxal  crystals,  305. 

Jones  (T.  Wharton)  on  the  ova  of  man 
and  mammiferous  animals,  240. 

Jordan  (T.  B.)  on  electro-metallurgy, 
452. 

Joule  (J.  P.)  on  the  heat  evolved  by  me- 
tallic conductors  of  electricity,  and  dur- 
ing electrolysis,  260. 

Kane  (Dr.)  <<£lemenU  of  Chemistry," 
noticed,  237  ;  on  the  production  of  au* 
dible  sounds,  247. 

King  (Rev.  S.)  on  a  large  achromatic 
object  glass,  244« 

Knox  (G.  J.)  on  some  improvements  in 
the  voltaic  pile,  591. 

Kuhlman  (Prof.)  on  the  silicification  of 
limestones,  332. 

Labyrinthodon  from  the  German  keuper 
and  sandstone  of  Warwick  and  Lea- 
mington, 315,  395. 

Lactic  acid  and  lactates,  on,  333. 

Land,  elevation  of^  ou  the  shores  of  Wa- 
terford  haven,  318. 

Land-snails,  agency  of,  in  corroding  and 
making  deep  excavations  in  compact 
limestone  rocks,  541. 

Langlois  (M.)  on  the  action  of  ammonia 
on  red  hot  charcoal,  282. 

Laurent  (M.)  on  some  bensoyl  com- 
pounds, 449. 

Lassell  (W.)  on  the  observatory  erected 
at  Starfield,  576. 

Lead,  action  of  peroxide  of,  on  cinnamic 
acid  and  on  salidne,  38;  salts  of, 
formed  by  nitrous  add  and  hyponitrous 
add,  186;  experiments  on  the  atomic 
weight  of,  and  its  oxides,  215;  tartrate 
of,  226;  racemate  of,  ib,;  action  of 
copper  on,  482 ;  salts  of^  containing 
acidsof  oxygen  and  asote,  598;  analysis 
of,  599. 

Lee  (Dr.  R.)  on  the  nervous  ganglia  of 
the  uterus,  487. 

Leyden  jar,  on  the,  595. 

Liebig  (Prof.)  on  a  new  method  of  pre- 
paring urea,  184 ;  on  the  atomic  weight 
of  carbon,  210;  on  the  formation  of 
murexid,  452. 

Light,  on  the  polarisation  of  the  chemical 
rays  of,  52 ;  on. the  compensations  of  po- 
larized, 158 ;  on  the  theory  of,  372. 

Lightning,  on  supposed  forms  of,  104. 

lime,  malates  of,  308. 

Limestones,  silicification  of,  332. 

Logarithms,  calculation  of,  by  means  of 
algebraic  fractions,  479. 
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London  Intdtution,  meeting  of  the  mana* 
gers,  88 ;  lectures  at  the,  414. 

Lubbock  (J.  W.)  on  the  theory  of  the 
moon,  and  on  the  perturbations  of  the 
planets,  part  iv.,  noticed,  8L 

Lunette,  micrometrical,  on  a,  578. 

Lyell  (C.)  on  the  freshwater  fossil  fishes 
of  Mundesley,  320. 

Machines,  researches  in  the  theory  of, 
484. 

Maclear's  pendulum  experiments,  on,  243. 

Madeira,  geology  of  the  island  o(,  170. 

Magnesia,  raalates  of,  309. 

Magnetic-term  obsenrations  made  at  Mi- 
lan, and  tidal  observations  made  at 
Prince  of  Wales's  Island  and  Singapore, 
163. 

Magnetism,  experiments  in,  374. 

Magnets,  experiments  on  the  shape  of, 
378 ;  effect  of  approximating,  ib, ;  on 
restoring  the  primitiTe  strength  of  weak- 
ened, 246. ' 

Malaria  generally  connected  with  the  pre» 
sence  of  sulphuretted  hydrogen,  15. 

Malatcs  of  lime,  308  $  of  magnesia,  309 ; 
of  zinc,  311 ;  of  copper,  312;  of  silTer, 
ib, ;  of  barytas,  ib, ;  of  itrontian,  313 ; 
at  high  temperatures,  314. 

Malic  add,  306 ;  changes  nndergone  by 
its  salts  at  high  temperatures,  ib. 

Mallet  (R.)  on  the  production  of  snlphu- 
retted  hydrogen  by  the  action  of  de- 
composing animal  matter  upon  snl* 
phates,  235. 

Mammifeious  animals,  oiva  of,  240. 

Man,  o?a  of,  240;  composition  of  the 
brain  of,  411. 

Mantell  (Dr.)  on  the  fossil  remains  of 
turtles  in  the  chalk  formation,  157. 

Marchand  (M.)  on  the  supposed  hydrate 
of  phosphorus,  93.' 

Marchand  (Dr.  R.  F.)  on  the  atomic 
weight  of  carbon,  332. 

Marignac  (C.  de)  on  the  products  of  the 
action  of  nitric  add  on  naphthalln,  45. 

Martin  (P.  J.)  on  the  relatiye  connection 
of  the  eastern  and  western  chalk  de- 
nudations, 168. 

Maugham  (Mr.)  on  the  assay  of  copper 
ores,  330. 

M*Cord  (J.  S.),  meteorological  summary 
of  the  weather  at  Montraal,  from  1836 
to  1840,  285. 

Mediterranean,  exclusion  of  the  sea  from 
the  marshes  on  the  coast  of  the,  15. 

Mellitic  add,  598. 

Mellon  (M.)  on  the  preparation  of  iodate 
of  potash,  334. 

Menabrea  (L.  F.)  on  Cavendish's  experi- 
ment, 62. 

Mercury,  action  of  copper  on,  482. 

Metallic  conductors,  heat  evolved  by,  260. 


Metallio  povvders,  per  ceotage  of  beat 
transmitted  by,  118. 

Metalliferous  veins  and  rocks  of  oertain 
mines  in  Cornwall,  electric  condilioii 
of  the,  483. 

Meteorologieal  observations  and  table,  95, 
175,  255,  335,  415,  503. 

Meteorological  observations  taken  on 
board  the  Erebus  and  Tenor,  on  the 
Antarctic  Expedition,  and  at  Plymouth 
and  Naples,  156. 

MeteorologicflLl  summary  o€  the  weather 
at  Montreal,  from  1836  to  1840,  285. 

Meteors  and  meteorites,  igneous,  50U. 

Miasma  of  the  interior  of  Africa,  13. 

Milan,  magnetic  term  observations  made 
at,  163. 

Miller  (Prof.)  on  the  form  and  optical 
Constanta  of  anhydrite,  177. 

Mines  of  Cornwall,  analyses  of  the  atmo- 
sphere of  some  of  the,  357. 

Mitscherlich  (Prof.)  on  the  nitnnet  of 
mercory,  278. 

Models,  illustration  of  geological  pheno- 
mena by  means  oi;  170. 

Mohr  (Dr.)  on  a  new  alum,  93. 

Molecular  action,  remarks  on  M.  Mos- 
sotti's  theory  of,  386. 

Montojo  (M.)  on  the  mean  positions  of 
the  stars  mentioned  in  Mr.  Baily'a  ad- 
dreas  to  observers,  580. 

Moon,  theory  of  the,  noticed,  81. 

Moseley  (Rev.  H.),  researches  on  the 
theory  of  machines,  484. 

Mossotti  (M.),  remarics  on  his  theory  of 
molecular  action,  384. 

Moyle  (M.  P.)  on  the  atmosphere  of  some 
of  the  Cornish  mines,  357. 

Mundesley,  freshwater  fossil  fishes  of,  320. 

Murchison  (R.  I.),  results  of  a  second  geo- 
logical survey  of  parts  of  Russia,  417 ; 
and  M.  £.  de  Yerneuil,  on  the  ^logy 
of  the  northern  and  central  regiona  of 
Russia,  489  ;  on  a  section  and  list  of 
fossils  from  the  State  of  New  York,  530. 

Mnrexid,  formatu>n  of,  452. 

Murphy  (Rev.  R.)  on  primitive  radices, 
369;  calculations  of  logarithnu  by 
means  of  algebraic  fractions,  479. 

Myriapoda,  development  of  the,  520. 

Naphthalin,  products  of  the  action  of  ni- 
tric add  on,  45. 

Nervous  influences,  analogy  between  the 
phaenomena  of  the  electrie  and,  31. 

Newport  (G.)  on  the  organs  of  leinnoduc- 
tion,  and  on  the  development  of  the 
myriapoda,  520. 

New  York,  on  a  section  and  a  list  of 
fossils  from  the  State  of,  430. 

Nitric  add,  products  of  the  action  of, 
on  naphthfldin,  45 ;  concentration  of,  by 
means  of  snlphuric  acid,  252. 


Digitized 


by  Google 


INDEX. 


607 


Niirogeii,on  A  newmethodof  detenuiniiig, 
278. 

Nitrogurets,  ^ectro,  97. 

Nitro-naphthalic  acid,  46. 

Nitro-saccharic  add,  94. 

Nitmrets,  examination  of  several,  278. 

Noad  (M.)  account  of  experiments  with 
a  water  battery,  405. 

Nordenskiold  (Fi^.)  on  foirowed  rocks 
in  Finland,  524. 

North  Wales,  if  any  evidence  of  the  ex- 
istence of  glaciers  in,  469. 

Norton  (Capt.  J.)  on  a  percussion  shell  to 
explode  at  the  bottom  of  the  sea,  240. 

Oils : — of  turpentine,  187 ;  SBthereal,  189. 

Olbers  (Dr.)  on  a  refoimation  of  the  con- 
stellations, and  a  revision  of  the  no- 
menclature of  the  stars,  571. 

Orbit,  anatomy  and  physiology  of  certain 
structures  in  the,  163. 

Organised  beings,  chemical  staties  of, 
337,  456. 

Ova  of  man  and  mammifSerous  animals, 
240. 

Owen  (Prof.)  on  the  teeth  and  skeleton 
of  the  genus  Labyrinthodon  from  the 
German  keuper  and  sandstone  of  War- 
wick and  L^unington,  315,  394. 

Oxmantown  (Lord)  on  a  large  reflecting 
telescope  lately  constructed  by,  584. 

Paraselene,  witnessed  on  May  6,1841, 50. 

Park  (Rev.  J.)  on  an  improvement  in  the 
air-pump,  59. 

Pearson  (Rev.  Dr.)  on  a  new  catalogue 
of  moon-culminating  stars,  observed  at 
South  KUworth,  581. 

Peligot  (M.)  on  salts  of  lead  formed  by 
nitrous  acid,  186 ;  on  salts  of  lead  eon- 
taining  acids  of  oxygen  and  azote,  598. 

Pdouze  (M.)  on  the  action  of  sulphuric 
acid  on  nitrate  of  ammonia,  251 ;  on  the 
preparation  of  azotic  gas,  252 ;  con- 
centration of  nitric  add  by  means  of 
sulphuric  add,  ib. 

Percussion  shell,  description  of  a,  to  ex- 
plode  at  the  bottom  of  the  sea,  240. 

Pemambnco,  on  a  remarkable  bar  of 
sandstone  off,  257. 

Petrie  (W.)  on  dectrictty  and  magnetism, 
374. 

Phosphoru8,onthesuppo8edhydrateof,93. 

Photogenic  drawing,  on,  88, 164. 

Photography,  improvements  in,  164. 

Physics,  on  a  new  theory  of,  519. 

Poggendorff  (Prof.)  on  the  intensity  of 
current  of  the  zinc  iron  circuit,  remarks 
by  Martyn  Roberts  on,  107. 

Poisson  (M.),  remarics  on  a  statement  in 
the  Traite  de  Mecanigue  of,  287. 

Polarimeter,  description  of  a,  158. 

Potash,  preparation  of  iodate  of,  334 ; 
action  of  peroxide  of  iron  on,  412; 


feiTopmssiate  of,  514 ;  add  cyamurate 

of,  517. 
Potassa,  action  of  camphor  on,  47 ;  action 

of,  on  indigo-blue,  191. 
Potter  (R.)  on  the  phsenomena  of  dif- 
fraction in  the  shadow  of  a  circular 

disc,  153. 
Powell  (Prof.)  on  the  theory  of  light,  372. 
Prussic  add,  new  mode  of  forming,  281. 
Pyrope,  on  the  composition  of,  594. 
Pyroxylic  spirit,  strengths  of,  511. 
Radiation,  a  property  of  heat,  not  of 

electridty,  87. 
Radices,  primitive,  369. 
Rammelsberg  (Dr.)  on  bromic  add  and 

its  salts,  48 ;  on  the  stibio-  and  arsenio- 

sulphurets,  283. 
Redtenbacher   (Profs.)  on   the   atomic 


wdftht  of  carbon,  210. 
lems%  (H.) 


Rdnsch  (H.)  on  the  action  of  metallic 
copper  on  solutions,  480. 

Reproduction,  on  the  organs  of,  520. 

R.  L.  E.,  on  M.  Mossotti's  theory  of  mole^ 
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